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PREFACE 


milE present Supplement brings the Record of Chemical Discovery 
T down to the end of the year 1869, including also several addmons 
to, and corrections of, former results which have appeared m 1870 and 

1871. 

The author has been fortunate in obtaining tlie assistance of some of 
the former Contributors to the Dictionary, to whom he begs to timder h. 
best thanks. The foUowing is a list of their names and contributions 


G. C. Fostbb, B.A., F.B.S. . 

Michael Fostbb, M.B. 

Benjamin H. Paul, Ph.1). . 

H. E. Roscoe, Ph.D., F.B.S. . 

J. A. Wankltn, CorreMpondhig Member 
of the Boyal Bavarian Academy of 
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Chlorosulphuric anby- 
drido or pyrosulphuric 
chloride 

Metallic sulphates . 

4. Thiosulphuric acid . 
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DICnONAEY OF OHEMI^JCRT. 


SUPPLEMENT. 


AMMB. The needles of Abies pectinata contain a sugar called ahietite very 
much like mannite. but differing therefrom by its relations to solvents, ahd by ite 
composition, which is represented by the formula C-H'O* ; it ' ® 

less Wn mannite. 2H»0 less than quercito, and H» more „ 

To separate the proximate principles contained in the needles, they were 

..t « ^ uroffiK • fV»A nniinmiR dceoction was precipitated 


To separate the proximate principles containea in me neeuie», ^ 

hausted^with boUing alcohol, then with water ; the aqueous decoction was precipitat^ 
bv neutral load acetate, and the precipitate, after washing with wate^ was treated 
\nth acetic acid, in which it is only partially soluble. The soluble portion was nou- 
tralisS with ammonia, and re-precipitated by basic lead acetate ; and th'S 
pitate decomposed by hydrogen sulphide, yielded a tannin identical with the 
tonni A of the^horse-cL Jnut, C‘»H'*OV This tannin is transform^ into an 
modification by adding hydrochloric acid to its solution, then agitating the liquid with 
six or eiirht volumes of ether, and leaving the whole to itself f<>r ten or twelve hour^ 
The pr^ipiUte thus obtained forms, aRer washing and drying, a chamois-coloured 
iiwonluble in w&ter ether, and acetic acid, slightly soluble in boiling alcohol 
SSitr’tXh which it red-brown.’ 4is Insoluble tannin Sissolves 

Sote^er^^n biiUnrPO^h. and when it is boiled w th water and alcohol, a small 
nowever, in jwi* » • liquid. The conversion of the soluble into the m- 

Soluble^'^n is attended with loss of water; the latter has the composition 

^^^e^^^ts o^b^^Regina Amalia, md\genona in Arcadia, yield, by distillation with 
wJil ?8 l^rc^rof a colourless volatile oil. having a fragrant odour of 

I^ons ^ spicily 0-868, boiling at 156^1690 slightly l«vo:gyrate It 

au^Sly in^e ai, exerting at the same time a stronger ozonising action 
turpentine oil It dissolves iodine without nso of temperature, and 
Lming a liquid compound. C«-H-.Ha (Buchner 

a. Thiel, J. pr. Chem, xcu. 109.) 

AMXMTXO ACXD. See Static Acid. 

See Abibs. 

or AMBrmmacW. This substance, the bitter principle of 
vnnnwood (ArUmMa Abmnthium), has been re-investigated by A. Kromayer 

triiT mTX*r«A. 1861, p. 746). The m<^e of preparation "lopt** 
mainlv in enhaneting the dry herb of the plant with hot water ; treating th* 
„ntrBt ed **t*act with anunal charcoal, which absorbs the hitter principle; then 

nlMethur it with alotAoL p»*tiallT purifying it by treatment vnth lead-acetete, ice., 
sxameu^ ii wim / r nrAcinitatincr it with tannic 


A# Diedintate with water ana weax spinv i 
r vnth Wiffated lead-oxide ; evapo»ting the mixture after addition 

water • boiling dht the dry reaidne with alcohol ; and leaving the 


Stewd lionid to evapSrate .lowl*.m * moderately warm pi^. 
»• yellowiah pBlv«til«,t #•«. neutrah haniig u 

.iportawood^tiearfy tmmlubU in cold. 


an intensely bmer ta^, and 
ible in cold, somfwhat motm 



2 ACAJ^THItll-^ACEG^TIC ACID. 

soluble in hot water, easily in alcohol solution it is gradu- 

ally precipitated by water in white flocks. I^ttielts between 120® and 126®, and decom- 
poses at a stronger heat, giving off pungent vapours. Strong sulphuric acid dissolves 
it with brownish, afterwards greenish-blue colour, changing, on addition of a few 
drops of water, to a splendid blue, which disappears on further addition of water. 
When an alcoholic solution of absinthin is mixj^d witj^ an &ual volume of strong sul- 
phuric acid, a brown-red mixture is formed which, usi. ftddinon of a few drops of water, 
assumes a beautiful violet colour. Absiuthin ^th dilute sulphuric acid is con- 

verted into a brown resin, and the superuatanlfi|wl-hrowii solution exhibits a beautiful 
yoUow-groon iridescence by«ireflepted light. This, sol^^on does 4iot contain sugar ; 
neither is sue^ produced by trotting absinthin vrith stwusg hydro^loric acid. Strong 
nitric a$id iG^UKS absinthin only when heated ; cyii micxitigsK^n -alcoholic solution of 
absinthin with water till it begins to show turbidity, and then with solution of tannic 
acid, a pure white precipitate of tannate of absinthin is obtained, which assumes 
til© consistence of a plaster when stirred, and after washing and drying at 100®, forms 
a greyish, easily pulverised mass. Absinthin does not reduce an alkaline solution of 
cupric oxide, but when warmed with ammoniacal silver nitrate forms a speculum of 
metalUc silver. Solutions of absinthin are not precipitated by metallic salts. 

The analysis of pure absinthin yielded numbers answering to the formula 
or 2C'‘®H"OMPO. Kroraayer regards it as an aldehyde. 

ACAXOTTRITS. A rhombic or trimetric variety of silver sulphide Ag S (v. 304), 
occurring at Freiberg and Joachimsthal (K<mrigott, A?in, xcv. 402; Dauber, 

Jahreah. 1860, p. 747). According to Breilhaupl {ibid. 1863, p. 796), it mostly occurs 
* in twins very much like tlioso of diopsido. 

ACil.ROZX> RSSZrr. This resin yields, by oxidfition with melting potash, so 
large a quantity of paraoxybenzoic acid (36 giuns. from 9 ounces) that it may be 
conveniently used as a source of that aci<l. The mother-liquor of the ethereal extract 
contains also resorcin and pyrocaU'chin, as widl as the double compound of protoca- 
techuic and paraoxybonzoic acids, first obtained from benzoin (Hlasi- 

wetz a. Barth, Jahreah. 1866, p. 630). 

ACECOmxZC ACID. C»H“0« - = (C»H»)"'(COHO)** (A. 

Baeyer, JirH. Akad. Bfr. 1864, p. .'>84; more fully, Ann. P/mrw. cxxxv. 306 ; 
Jahresh. 1864, p. 397 ; 1865, p. 394.) 

A tribasic acid produced, together with citracetic acid — an acid of nearly the same 
composition, and likewise tribasic — by heating ethylic bromacetate with sodium. The 
product of the reaction is a smeary brown mass, which b^ evaporation in a vacuum 
yields a non-separablo mixture of the ethers of the two. acids just mentioned, boiling 
above 200®. The solution of this criale other in baryhi-water yields, by evaporation, 
sparingly soluble barium acoconitate and easily soluble barium citracetate. The aceco- 
nitate was deposited in crystals, which, howtsvor, did not yield d6fi.nite results on analysis^ 
but the silver-salt prepared by decomposing them with sulphuric acid, neutralising 
with ammonia, and precipitating with silver nitrate, gave numbers agreeing with the 
formula C*H®Ag*0* + 2 aq. ; showing that acoconitic acid is represented by the formula 
and is isomeric with aconitic acid. The formation of the other probably 
takes place by two stages, the sodium first taking the place of an atom of . hy^ogen 
iu the acetyl molecule of the bi'omucetic acid, and sodium bromide being Afterws^s 
eliminated : 

(1) “"(P + Na - > H 

(2) I O - 3NaBr + 1 0>. . 

Free aceconitic acid crystallises in warty groups of needles tikJ^Soonitic acid, but 
more easily and in better defined forms than the latter; it is likewise easily soluble 
in water. When heated it melts and burns, leaving quaittk^. of charcoal ; 

when warmed in a test-tube it does not yield any crystdJ^w^^KO^zh^lik^ 
s(Ut crystallises in small sparingly soluble crystals ; Ihe mlt 

becomes turbid when heated, like that of the citrate; with lead 

mercurous nitrate the acid forms white precipitates. ' ' * i, 

Citraoetic acid and its salts are^crystallisaHlo, and therefilti© very difllcult to purify; 
they give, however, by analysis numbers agreeing nearly With those corre- 

sponding aconitatos, so that citracetic acid is probably anotaw isomer of aed£itic acid« 

• In Baeyer’s preliminary notice, aoeconitio acid was re i g qac ii to <l>iy dfe leminla 0*a*Q%iihe siuns 

as tbnt 0? oarfieifyUo acid. . 



(Berthelotf JSuU. Soc. Chpfn, 
occurring in tlie portion of 


_ Yin. Jahre^b. 1867, p. 594).— A hydrocarbon 
(Avy coal-tar oil which distils between 260° and 840°. 
When tfie portion* distilling between 270° and 290° is separated by fractional distil- 
lation and left at rest, ^apenaphthene separates in large transparent prisms, and a 
further quantity may be from the mother-liquor by repeated distillation and 

cooling. It is purified by premnjBig ^a crystals between paper, dissolving them in ten ^ 
to fifteen times their weight ^ alcohol, and loavftig the solution to cool very 

slowly. Acenaphthene is also coi^iidMEd in the solid hydrocarbons which cjyetallise 
gradually from the- tar-oilejiy^ 300° andUiOO®, and passes over in the 

distillation of theio cSls, tog^or wilh fluorcne. If the solid distilif||^ t^us obtained 
be re-crystallised, the fiiipx^ne «ep||rate8 out first, while the aconapl^thwo. accumulates 
in the mother-liquors, knd may be separated therefrom by careM evaporation. It 
may also bo isolated from the solid mixture above mentioned by sublimation in a 
flask, the bottom of which is heated to IfiO®. Lastly, it is formed when a mixture of 
naphthalene vapour and ethylene gas is passed through a healed porcelain tube, and 
may be separated from the products by re-crystallising the portion which distils 
between 270° and 300° from alcohol. 

Acenaphthene crj^stallises from alcoholic solution in colourless shining needle- 
shaped prisms, somotimos a decimetre long, and from solution in heavy tar-oils, in 
bulky hard brittle crystals. Its odour is like that of naphthalene, but fainter. It is 
heavier than water, molts at a little above 100°, solidifies at 93°, and boils at 284°- 
285° (corr.). It dissolves easily in boiling alcohol, and separates almost completely . 
on cooling. From a mixture of the alcoholic solutions of acenaphthene and picric t 
acid, the picrate, C‘*H‘“.C®H^(NO^)*0, crystallisos quickly in orange-yollow needles ; 
fi‘om a solution of equivalent proportions of the two substances in boiling alcohol, it 
ciy'stallisos in lamina}. Evaporated with Fritzscho’s re-agent (nitranthraconc), 
acenaphthene forma red needles, partly cun^od and branching like a fan. In ifnl* 
phurio acid, either fuming or ordinary, it dissolves with formation of acenaphthene 
sulphuric acid, which is coloured green by small quantities of nitric acid, and forms 
easily soluble salts. Nitric acid acts violently on acenaphthono. If the hydiwarbon 
be triturated with the acid in a cooled vessel till the acid is saturated, tno solution 
solidifies, after a while, to a crystalline mass of dinitro- ace naphthene, 
C‘*H*(NO*)*, which is nearly insoluble in alcohol oven at the boiling heat, sparingly 
soluble in ether, but dissolves abundantly in boiling light tar-oils, and crystallises 
from this solution in brown-yellpw |)ointed needles. The mother-lifiuor of these 
crystals loaves, on sponta^^UiieyapOration, brown granules of a compound of mono- and 
di-nitroacenophthene, C^lH*(NO’)-0'*H"(NO*)*. Sodium does not act upon aconaph- 
thene. Potassium eliminated hydrogen, and forms the comjK>urid os a black 

insoluble mass, decomposed by water, with reproduction of acenaphthene. Bromine 
likewise acts strongly upon acenaphthene. On adding it to an ethereal solution of the 
hydrocarbon till the liquid acquires a yellow colour, and leaving the solution tf> eva- 
porate, there remains a thickish oil in which a few laminar crystals form, probably 
cohsistingof monobromaconaphthene, A solution of acenaphthene 

in the most volatile portion of American petroleum, mixtjd in a cooled vessel with 
a slight excess of bromine (4 pts. bromine to 1 pt. of the hydrocarbon), yields the 
hexbromide, C“H‘®Br«, which crystallises out m small grains, while a liquid sub- 
stitution-product remains in solution ; by re-crystallisation from boiling alcohol^ the 
hexbromide is obtained in slender white needles. Acenaphthene heated to 
point with i^ine, is decomposed, with evolution of hydriixlic acid and format^ppaf fk 
carbonaceous substance ; at 100° it appears to be converted by iodine into a pdl^iperio 
compound. Hydrochloric and hydrobromic acids in aqueous soluUon do not set upon 
acenaphthene. Heated to IQO® with saturated kydriodic it fomis a liquid 
hydride, prol^llfc C!**H‘*, hofting at about 270°, together with the above-mentioned 
polymeric modl^in^W pr^uced by the separated iodhne. With 20 pts, hydriodio 
a^ at 280°, it‘l^lEtn% as chief products, naphthalene-hydride and ethyl-nydriae i 
+ 8B? - C»H»* + C»H»; 


. i 

and ifi^mallar 
same'i^pMtiire,:^; 
ductaf fiao^er 


xm 

aldehyde VWM I* 
of fcgmation fieoD 



aphthene-hydride. With 80 pts. hydriodic acid at 

■ ‘ lo, C**H** (boiling at 160°), as principal pro- 
ling between 116° and 120°), ethyl-hy<i™®i 


traces ol hexyl-hyiide, a substance not volatiiHl 360°, probably a polymer. 

-This compound oontmns ^a electaents of 1 molecule of 
dd^l^oxide, C*H^0.(0*H*)*0 ; moreover, its several modes 
^ aW' il# se-actaons with hydtodiloac add, fhoeplionis-' 



4 ACETAMIDE. 

pentachloride, and acetic acid (i. 4), show that it is an ethyl-compound, and may he 

represented by the formula I bivalent radicle 

CH* 

C*H« occurring in it is, however, not ethylene | (as in the isomeric compound ethy- 
CH» 

lene diethylate), but ethylidene, j . The constitutional formulae of the two isomeric 
Cil 

impounds are in fact : 

CH» CH®(OC*H») 

(i!H(OC2H»)* <!iH2(OC2H») 

Acetal. Etliylene 

■ ^ Diethylate. 

chlorinated derivatives of acetal are represented in like manner by the 

CH*C].CH(OC*H»)*; CHCl».CH(OC^H»)*; CC\\CE{OCm^y. 
Dickloraeetal, C®H‘*CI®0-, is decomposed by zinc-ethyl at 140°, civinir off a 
gMeous nuxtMe of etlyl chloride, ethylene, and propylene, together with gases not 
absorb^ byd)Pomine (doubtless arising from the action of the ethyl chloride on the 
zmc-ethyl), and leaving ethyl oxide mixed with oxide and chloride of zinc. Noglectiuir 
the ethylene, which » formed as a secondary protluct in almost all re-actions of zinc- 
ethyl, the action may be repr^nented by the equation : 

2[c4<C1».(OCW)23 + S7m(Cm^)* 

* 2{Cmyo + 2C»H®Cl + 4C«1P + 2ZnO + ZnCl* 

(Patemo, Cmpi. rend. Ixvii. 468.) 

Trichloracetal, is formed, together with dichloracetal, by the 

action of chionne on alcohol at 80°. On treating the product with water, distilling 
the on which collects at the bottom, redistilling the portion which boils above 186° 
in a current of steam, collecting apart the last fourth of the distillate, redistilling this 
in the same manner, and repeating these operations several times, a distill^^ of 
trichloracetal is at length obtained, which crystallises immediately in the receiver »:yi 
may be coinpletely purified by pressure and recrystallisation from alcohol or etH^ 
Tnchlomcetal crystallises m light shining needles, very much like caffeine. It melts 
at 72 , boils with slight decomposition at 230°, dissolves easily in alcohol and ether. 

^ (Patemo, Compt rend, 

M^thyl-ac^tal. is produce!, together rrith dimo- 

thyl-acetal (m>«). in a capacious retort 300 pts. of sulphuric acid, 800 

pts. of watei^ and 200 of manganese dioxide, then adding a mixture of 100 nts 
alcohol and 90 pts. wood-spirit, and as soon as the first re-action is over, diatillW 
till a quantity of bqnid has p^ed over equal to that of tlie alcoholic mixture employ^ 
The distillate is then rectified, the portions which distil above and below 68° being 
^Uect^ apart and the distillation stopped at 85°. Each of the products thu! 

’ purified by tr^ting It with aqueous potash and with calcium blonde, as 

' rectified, the portions which pass ovieb towards 

one Cf^ and 86° tn the other bei^ collected apart.. 

Metbyl-acet^ is a v«y mobile colourless lifnid having an odour like that of acetal 
• •pwlfle gnirty - 0*84S«,'Md boiling atXo. It bwns with a brilliant flame! 
d.i^lrai ,n all ™po^oM,^of alcohol, in 15 part, of water, and i. precipitated by 
water ftom lU alcohoUclmliiUon. It la not deoattposed by caustic pota.h ^ 

(iiMflOar ” *” «»>po«ad ha. ^en ftttnd hy Dancer in^de wood-.pirit 

HiMeagl-actal, C<H'«0* - i, a colonrlea. .ther^" liqnH, 

having an like that of methyl-compounds in^eneral. Specific gravity ** 0-8556 

pt.l3rxl’riif87^“ 

ACaXAIWniia. C=II»NO.— This compound, heated in a sS^ed tube with an 
alkaline solution of potassium permanganate, yields no free nitrogen, and only a; trace 
of ammonia, by far the greater portion of the nitrogen being oxidised to nitikh or 
nitrous acidw (Wanklyn a. Oamgee, Chem. 8oe, J, [2] vi. 26,)“ 



ACETANILIDE— ACETIC ACID. 5 


Acetamide ^ heated in sealed tubes with saturated aqueous h^driodic acidf yields 
ammonia, acetic acid, and ethane or ethyl-hydride : 

C^H^NO + + 3H* - + NH* + Cr*H*. 

(Berthelot, Bull. Soc. Chim. [2] ix. 183.) 

Acetamide, heated to about 210® with^wrAon hisulphidCt gives off a number of gaseous 
products, among which are, hydrogen sulphide, carbon oxysulphide, carbon monoxide, 
and a combustible gas not absorbed by baryta or cuprous chloride, probably ethane, 
and leaves a residue of ammonium sulphocyanato mix^ with undeoomposed acetamide. 
The principal reaction appears to be : 

2Cm^m + CS2 = NIP.CHNS + COS + CO + C«H». ' 

t'Ladenburg, Zeitschr. f. Chem. [2] v. 478.) 

Acetamide forms a crysUillino comt^mnd with bitter almond oU. (Strecker, ZeitwHr^ 
f. Chem. [2] iv. 651.) (See Aldehydes^ 


A.CllTikmXiZBfi. (See iv. 418; v. 1087.) 


ik.CZ;TBKnn.-Bi:»rZBKB. C**!!* « (C®H*) - C s CH. - Phenpl-aoetyleM 
C'*(C*H®)S. (Glaser, Zeitschr. f. Chem. v. 97.) — This hydrocarbon, related to acety- 
lene in the same manner as cinnamene (styrol) to ethylene, is produced ; U By heating 
phenyl-propiolic acid with water to 120® in a sealed tube : 

C"IP.C-C.CO"H = CO* + C»H\C = CH; .r 

Pbenyl-proplolio Acetenyl-benzone. ’ 

acid. 

more easily by heating barium phenyl-propiolate mixedTVith sand to about 200^ : 
(C*H‘.CsC.CO*)*Ba + H^O = CO*Ba + CO* + 2(C»H*.C«CH). 

The ctmious yellow distillate thereby obtained is easily purified by a few distilla'* 
tions. The hydrocarbon is also formed in small quantity when phenyl-propiolic 
acid or either of its salts is simply boiled with water. 

2. By the action of alcoholic potash on cinnamene dibromide, just as ethylene- 
dibromide similarly treated, yields acetylene as the final product : 

- 2HBr * C*H* ; C“H«Br* ~ 2HBr - C*H*. 


The cinnamene dibromide is first converted by alcoholic potash into bromocinnamenc, 
C’H^Br ; and the latter is heated with the same ro-agont to 1 20® in sealed tubes. The 
product distilled with water yields a distillate still containing alcohol, from which 
the aoetenyl-benzene may be separated by water, and purified by drying with calcium 
chloride and rectification. 

3. By heating methyl-benzylal chloride (produced by the action of phosphorus- 
pentachloride on methyl-benzoyl, G*H*.COCIi*) with very concentrated alcoholic potash 
to 120® in a sealed tube (Friedel, Zciiechr.f. Chem. [2] v. 123); 

C-H».CC1*CH* - 2HCI « C*H*.CsCH. 

Hetbyl-beuzylal Acetenyl-benzene. 

chloride. 



Acetenyl-benxene is a frequent product of the decomposition of other hydrocarbons 
of the benzene series ; thus it occurs in cinnamene whidh has been heatea to redness 
in a stream of hydrogen ; in that produced by the mutual action of benzenq 
ethylene at a red heat, or by the decomposition uf etlnl-benzene ; not. [ 
hydrocarbons of coal-tar. (Berthelot, ConfiM, rend, Ixrii. ^2«) . , ^ 

Acetenyi-benzene is a colourless sh j pdy refiracUzjg'^i^uhli. ltaHflll|^ 
aromatic odour, boiling constantly at 23^^40®, andhat^f^lk^T^ 

(calc. 3*53). It unites directly with brpntine, formi^ s oily liqni^ and Is 

quickly decomposed by nitric acid. j|||^f ipecafie gratrity |j|d by sulphum acid. 
With metallic solutions it forms pree^KS^ analogous ix^isofimi^n to those of tha 
other hydrocarbons of the acetylene Its alcoholio mixed with an 

ammoniaSfed solution of cuprous chlotsidi^ lastly diluted wim ateohol, forms a yellow 
precipitate 6f the compound ; the silver compound obtained in Him 

manner is a light grey powder oompor^^of 2(C*H*.C*Ag).Ag*0. (Glaser.) 

CH* 

JkOBVZC ACZB* Hydroyeu-'^JbS^/l^i Hydne Aoetaie, C*HH)* « Jx)OH 
vife “ 


>jo 


- 0 »H*O.OH. 


Formatien . — ^The chloride C^'OCl wirespooding to thia acid ia prodnead qrnthatl* 
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cally by passing & mixture of carbonyl chloride (phosgene gas) and marsh-gas 
through a retort heated to 120® : 

CQCl* + Cn^ = HCl + CH*COCl ; 

and this chloride is contorted by water into hydrochloric and acetic acids. (Harnitz- 
Harniteky, Jtm. Ch, Pkarm. cxxxvi. 121.) 

Acetic acid may be formed synthetically from acetylene (i.e. from carbon and 
hydrogen) by converting the latter into ethylene by direct addition of hydrogen, the 
ethylene into alcohol, and oxidising the alcohol The transformation may, however, 
be more simply effected by heating acetylene dichJoride with aqueous potash to 230 
or with alcoholic potash to 100® for ten hours (Berthelot, Zeitschr. f Chem. [2] v. 

aQox , 

^ ‘ + 3KnO = C*H»0’K + 2KC1 + H»0. 

Acetic acid is also produced, together with other products, by the fermentation of 
mucic acid in contact with yeast, white of egg, vegetable albumin, or most easily with 
muscular flesh : 

2CflH'®0* = 4C®H<0» + 4CO* + 2m 

Formation hy oxidation of Alcohol. — ^Pasteur has shown by conclusive experiments 
that the formation of acetic acid from alcohol by atmospheric oxidation, in the 
ordinary process of vinegar making, depends essentially on the presence of a peculiar 
fungus, the Mycoderma aceti. The formation of vinegar from wine or beer is invariably 
preceded by the development of this fungus at the surface of the liquid. It appears to 
act by absorbing the oxygen of the air within its pores, like platinum-black, and thus 
bringing it into close contact with the particles of the alcohol. The plant may be 
sown on the surface of the liquid by introducing a small portion of it from another 
vinous liquid already in a state of acetous fermentation ; or it may be introduced by 
simply exposing the liquid to the air, in which the germs of this fungus, as of many 
others, are always floating. But, like all other plnnta, it requires food for its 
development, and this it finds in the albuminous matter and mineral salts contained 
in ordinary vinous liquors. If these are absent the plant cannot grow, and acotiflea- 
tion cannot take place. Thus, pure aqueous alcohol may be exposed to the air for 
any length of time without turning acid, because the germs of the mycoderm which 
full into it from the air remain barren for want of nutriment; but as soon as any 
albuminous matter is introduced into the liquid, the plant begins to grow and the 
alcohol is oxidised. The albuminous matter is not, however, itself the active agent 
in the change, and is quite incapable of inducing it in the absence of the fungus. If 
a bottle, partly filled with wine and containing air in its ordinary state, be hermetically 
closed and then heated to a temperature of 65® or upwards, the germs of the myco- 
derm present in the air or in the liquid will be killed, and under these conditions the 
wine may be kept for years without exhibiting the slightest degree of acetification, 
although it contains an abundance of albuminous matter ; but if it be opened, and the 
liquid exposed to the air, so that the germs of the fungus may have access to it, the 
formation of acetic acid will take place. Moreover, pure aqueous alcohol may be 
acetified without the aid of any albuminous matter, provided the mycoderm have 
access to it, and be supplied witn the nitrogen and saline matters necessary^for ita 
growth. Pasteur has in fact shown that this nutriment may bo supplied ig the form 
of alkaline and earthy phosphates and ammonium phosphate, the latter* furnishing 
the nitrogen. Under these circumstances the mycoderm grows, though lesk quickly 
tha^Jn ordinary vinous liquids, and the alcohol is slowly converted into acetic acid. 

The acetification goes on most quickly and favourably when the mycoderm grows 
only at the surface of the liquid ; if it sinks to the bottom or diSuses itself through 
the mass of the liquid, the oxygen contained in its pores acts upon the acetic acid 
already formed, and bums it completely to carbonic acid and water : in this way, if 
the mycoderm be allowed to remain in the liquid after the acetification is complete, the 
whole of the acetic acid may be destroyed and the liquid rendered perfectly neutral. 
(Pasteur, jf^udes sur U Vinaigre, Paris, 1868 ; also Annalct $cientifiques da FJ^oolo 
normals superieure, tome i. 1864; £ull, Soc, Chvm. 1861, p. 94; Joikrttb. 1861, 

p. 788.) 

On tne formation of acetic acid in aloohi^e fermentation, see also B4champ 
Chim. vurt, v. 676 ; Jahresb. 1863, p. 778) ; Blondean (ConMt. tend, Ivii. 963 : 
Jahresb. 1864, p. 812). 

Physical Properties. — According to Mendelejef (/aAfcs6. 1863, p. 7), the sp. gr. of 
glacial acetic acid at 16° (referred to water at 4® as unity) is 1*0607. According to 
B4gnault {delation des E^eriences, &:c., p. 761, Jahre^, 1863, p. 74), g^laoal acetic 
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acid remain solid at + 16°, but, when onee liquefied, is rery difficult to re-solidify 
sustaining without change a temperature of — 8° or even — 10°, in spite of brisk 
agitation ; but contact with a pointed piece of glass, or better, with a crystal of the 
glacial acid, causes it to solidify immediately, Oudomans {Zeitschr. /, €hcm. 1866, 
p. 760; Jahresh. 1866, p. 300) prepared pure acetic acid by rectifying the commercial 
glacial acid oyer manganeso peroxide .and sodium acetate, then subjecting it to 
fractional distillation and cry'stullisation, till it exhibited a constant specific gravity. 
This sp. gr. was 1*05533 at 16° The acid melted at 16*45°, and boiled at '11 7° (bar. 
at 763 mm.) ; after a fourth of the liquid had passed over, the boiling point rose to 
117*6°, and finally (in the hist ,Jth of the distillate) to 118*2°. 

From determinations of the sp. gr. of mixtures of acetic scid vapour and hydrogen 
gas at various temperaturivs. Playfair and WankJyn (C'hem. Soc. J. xv. 153) infer that 
tile vapour of acetic acid probably has, at comparatively high temperatures, a density of 
2 073 referred to air, or 30 referred to liydrogen, corresponding to a condensation of 2 
volumes for the molecule and at lower temperatures, the density 60 (referred 

to hydrogen), corresponding to a similar condensation for the molecule C*lPO^; 
further, tliat the constitution of the molecule is probably different at these different 
temperatures. Cahours had formerly shown (i. 10) that the vapour of acetic acid 
begins to exhibit its normal density at about 240°. From recent experiments he 
concludes that it still retains this density at 350°, and begins to exhibit a lower 
density only at 440°, being then partially decomposed into marsh gas and carbon 
dioxide : hence the normal density remains constant for an interval of about 200°. 

Oxidation by PofasHuni Permanganate. — Acetic acid appears at first to have no 
action on a solution of the permanganaU‘, either acid or alkaline. Nevertheless, on 
heating acetic acid with a dilute neutral solution of the permanganate to 100° in a 
long-necked flask, a reaction is soon sot up and becomes considerable aft, or 16 or 20 
hours : the only products are water and carbonic acid. Sodium acetate, loft in contact 
in the cold with a neutral solution of the permanganate, does not exhibit any reaction 
for the first few days, but at the end of throe months a visible roduciiou takes place, 
attended with formation of carbonate. At the boiling heat the reduction becomes 
visible after a few hours, especially in presonoe of a small quantity of potasli, resulting 
in the formation of oxalic acid : + O* = -l- H'-'O. (Berthelot, BuU, 

Soc. Chim, [2] viii. 392.) 

According to F. Lessen {Ann. Ch. Pharm, cxiv. 174), acetic acid may be converted 
into oxalic acid by dissolving 1 ])t. sodium acetate, 1 pt. sodium hydrate, and 2 pts, 
potassium permanganate in a small quantity of water, boiling the solution to dryness, 
'and heating the dry mass to a temperature not sufficient to decompose potassium 
oxalate, till a siunple uo longer forms a green solution with water. 

Aqueous Acetic Acid. — It was formerly supposed that a mixture of glacial acetic acid 
and water exhibits a maximum amount of condensation when the proportions are 
such as to form the hydrate containing 77 per cent, of the glacial acid to 

23 of water; and that this hydrate boils without decomposition at a constant tempera- 
ture. Kesults tending to confirm this statement have been published by Bussy and 
Buignet {Jahresh. 1865, p. 69). On the other hand, Roscoe has shown {Chem. Soc. J, 
XV. 270) that aqueous acetic acid of this, as well of any other strength, suffers decom- 
position by boiling, and that, in whatever proportions glacial acetic acid and water may 
bo mixed, the mixture may be decompose by distillation, under either ordinary or 
increased pressure, in such a manner as ultimi^ly to leave a residue of glacial acetic 
acid ; — in short, that there is no such thing as a definite hydrate of acetic acid. From 
Iloscoe’s determinations, which sgreo very nearly with those of Van Toorn {J. fur 
vi. 171), of the density of aqueous acetic acid of ^ktirengtbs a little above and Tbelow 
that of the supposed hydrate C’H*0*,H*0, it further appears that there is no maxi- 
tnum density corresponding to a definite strength, but that aqueous acids of strengths 
varying from 76*6 to 80 per cent, exhibit the same density: 

Percentage of acid . , . 76*6° 77*5° 79° 80® 98*6® 100® 

Sp.gr. at 16 6° .... 1*0762 1*0764 1*0764 10764 1*0697 1*0964 

The recent experiments of Oudomans, made with acetic acid purified in the mannet 
above described, likewise show that the maxiinnm density of mixtures of acetic 
acid and water bears no relation whatever to a fixed equivalent proportion of tbs 
acid and water, but corresjponds to a different proportion for each particular tern- 
piprature. ^ Ondemans’ results for the temperatures 0°, 16°, and 40®, are given in 
the follo^ng table : they agree nearly with the older determinations by Van Toom, 
but not with those of Hohr (i. 11), which, according to Oudemans, appear to have 
been made, not with pure glacial acetic add, but with an acid cmitaining 6 per coat, 
of water. 
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Ac STATES (Metallic). — T hese salts are represented by the folloiring foiiniil% 
according to the equivalent value of the metal which tlusrjlr contain ; ^ 

For monatomic or univalent metals (sodium) -v ^C*H*0* O 

For diatomic or bivalent metals (bariipi) or O* ^ 

For trivalent metals (thallium in thallic salts) Th^^O^H*©*)* or | O* 

For (apparently) trivalent metals (iron) (Fe*)^(C*H*0*)* or | 

In the last case the metal is really tetratomic (iron, chromium, aluminium), but 
when two of its atoms are associated together, one unit of equivalence in each of them 
is neutralised by combination with the other, so that the group is really sexvalent 
like the group C- in ethyl hydride, C*H* ; thus the formula of neutral ferric acotato 
may be written thus ; 

Fe'"(C*n»0»)* 

lle'(C»n*0»)». 

In acetates containing bivalent or multivalent metals, one or more equivalents of 
the r*idicle, C'‘'H*0, may bo rophicod by chlorine or bromine, or by other acid radicles 
or residues, such as NO’, (SO*)", &c., e.g., 

_ ( C*H*0* 

'Barium aceto-nitrate * Ba" J 

Chromic diacoto-totrachlorido (Cr’)^‘ J 

Ferric tetraceto-di nitrate ...... 

partly also, in some cases, by hydroxyl, HO, forming basic salta, e.g., 

Ferric tetracetate 

f(C-'H“0’)» 

Ferric triacoto-dinitrato (Fe*)'*' ■! (NO*)* 

I HO. 


Ceroua Acetate, Co"(C^H''0*)* + aq., obtained by dissolving corous oxide or car- 
bonate in acetic acid, or by decomposing corous sulphate with barium acotiite, ci^stal- 
lises in radiate groups of small needles, which give off their water in dry air without 
losing their crystalline form ; after drying at 116°, they become carbonis^ at a higher 
temperature, without fusing, and when ignited leave a residue of corosocoric oxide 
(Lange, J. pr, Chem, Ixxxii. 129). According to Czudnowicx (i//trf. Ixxxii. 217 > 
Jakreab. 1861, p. 190), tlie water of crystallisation cannot be expelled without decom- 
position of the salt, which in fact begins at a temperature a little above 100°, the salt 
caking together, and ultimately leaving cerosoceric oxide. 

Cliromio Acetates. The normal saltf Cr^(C*H*0^)* -f 2aq., is obtained as a gmn 
crystalline mass, by evaporating a solution of chromic hydrate in acetic acid. It is 
insoluble in alcohol. Its aqueous solution, whjcii is greqn by reflected, red by trans- 
mitted light, is not decomposed, either by ebttiUltldn 6r by addition of lime-water ; but 
ammonia throws down from it a green pmMtate of chromic hydrate, soluble, in 
excess of the reagent. (H. Schiflf, Ann, CA £8] Ixxi. 140 ; Schuteenbeiger, BuU, 
8 o€, Chim. 1866, iv. 86.) >' , ^ 

The solution of the normal acetate heated for several days with excess of chromie 
hydrate, loses its acid reaction and yields by evaporation a green pow'der soluble in 

water, consisting of a basic acetate, Or* * (Schiff.) 

i f r**Ti^o*^* * 

Chromic Biaeatotetraehloridef Ct*y ** obtained dls* 

solving chromic diosytetrachloride (chlorochromic acidh Cr'^'O^Cl*, in strong aeetie add. 
It is an unstable salt, which gives off acetic acid when neated above 100°. The chlorine 
is but veiy slowly precipitated from it by silver nitrate at ordinazy temp#ld»zes, but, 
on the other hsiid, the salt easily yields acetic ether when heated with snljf^iuda 
add and aloohoL (Schiff) 

Chromic Biaccio-aulphaic, Or* | obtained by diseohring chrcxnh 

disnlphate in acetac add, is a crystalline sdt which beoookes anhydreme at lOO^i aiK 
giTea off acetic add at a higher temperature. (Schiff) 

<]>eMdt)e4Tel.iT.p.M. 
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" Chromic Pentaceto-nitrate^ obtained by mixings a 

solution of chromic hydrate in a slight excess of acetic acid with a solution of the 
same quantity of chromic hydrate in the exact quantity of nitric acid required to dis- 
solve it. The concentrated solution, whendeft to itself, deposits an abundant crystalli- 
sation of a dark green salt, wliich may be purified by recrystallisation from water or 
from glacial acetic a<nd. It forms dark green bulky laminm, which give off nitrous 
fiimos at 100®, the chromium being at the same time converted into trioxide 
(ISchiitzenberger). 

Ferric Acetates* The normal aalt^ (Fo*)^*(C^IPO*)® or |o®> is 

described at p. 16, vol. i. The following basic acetates are known: — 

Ferric Tetracetate^ Fe*j'‘ > is obtained by dissolving at 60® the ferric 

hydrate produced from 1 part of iron, in 10 parts of acetic acid of 30 per cent., and 
evaporating the solution at 70°. It is an amorphous mass, soluble in alcohol and in 
water. (Oudoraans, Jahresber. 1868, p. 282.) 


Ferric Triacetate^ Fo’ 


j ' (HO)* * probably contained in the red solution 

obtained by treating ferric dichlorotriacotato (i-nfrn) with silver oxide. This solution, 
evaporated in a Vacuum, becomes syrupy, but does not crystallise. It quickly decom- 
poses at ordinary temperatures, forming an ochroous jelly. (Scheurer-Kostnor.) 

Trifcrric hiacctatc. ^ .2Fo-0\— This is the ochreous deposit formed 

when a solution of ferrous acetate is exposed to the air. 

Other basic salts appt^ar to b(» formed in the decomposition of the normal salt by 
heat or otherwise, but they have ru»t been analysed. 

Ferric Accto-nitrales. (Scheuror-Kestner, Ann. Ck. Phf/s. [3] Ixiii. 422; 
Ixviii. 472; Jahresber. 1801, p. 307.) — ThesO' salts, which may be produced by 
mixing the solulious of ferric nitrate and acetate in various proportions, or by 
dissolving ferric hydrate in various mixtures of nitric and acetic acids, are mostly 
very iinstablo : on boiling them with water, ferric oxide is precipitated, and the acids 
are sot free. 

The tetraee/o-dinitrate, + 6aq., is proparod : a. By heating a 

solution of ferrous acetate (sp. gr. 1-260) mixed with excess of acetic acid to 80®, 
then adding nitric acid by drops, and leaving the solution to cool : 

uenvo^y 


6Vo\mmy + 8HNO> 


3(Fe*)''‘j< 


fi. By dissolving ferric dinitrato in acetic acid : 


(NO»)» 


+ 2NO + 4H«0. 


(Fe»)’ 


,v,UN(F)^ 


+ 40 ^ 11 ^ 0 * 


J (NO»)> 


+ 4IPO. 


} (IIO)* 

The reaction is tenninatod when the mixture no longer yields a precipitate with 
nitric acid. 

y. By dissolving 1 molecule of ferric hydrate in 4 mol. acetic acid and 2 mol. nitric 
acid. — 5. By mixing 1 mol. ferric nitrate with 2 mol. ferric acetate. — €. By treating 
ferric dichloro-tetracotate {ij?fra) with silver nitrate. 

This salt crystallises in well-defined right rhombic prisms, having a blood-red 
colour, very soluble in water, soluble in all proportions of alcohol, insoluble in 
ether, whicn may therefore be used for washing the crystals. It is decomposed by 
the slightest elevation of temperature, and when treated -with nitric acid, yields ferric 
tetracoto-nitrate (infra). 

The Fe’* + 8aq., is obtained; o. By leaving a solu- 

tion of ferric tetranitrato, Fe’(NO»)«(HO)* (sp. gr. 1-260), mixed with excess of strong 
acetic acid to evaporate in a vacuum, and washing the resulting crystals with ether 
containing idcohol.— i3. By dissolving 1 mol. ferric hydrate in 2 mol. acetic and 
4 mol, nitric acid.—y. By mixing 1 mol. normal ferric acetate with 2 mol. ferric 
nitrate. It crystallises in small oblique rhombic prisms, often united in crosses. 

The iriaesto-dinitrate, (Fe’)^‘j (NO’)* + 8aq., is prepared by treating ferric 
( HO 

hydrate with proportional quantities of the two acids ; or by treating ferric tr!acet(V» 
dichlorido (iffra) with silver nitrate. It forms dark-coloured, almost black; rhomboidal 
crystals or crystalline plates, soluble in alcohol. 
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The Utraeeto-niiraU, Fe’- NO* + 4aq., is obtained by digesting a mixture 
HO 

of 1 mol. ferric hydrate, 4 mol. acetic acid, and I mol. nitric acid at 40® for several 
days, and evaporating in a vacuum ; the fame result is obtained with a mixture of 
1 mol. ferric acetate, 1 mol. ferric dinitrate, and 1 mol. acetic acid. It forms right 
rhombic prisms, of red-brown colour ; hard, shining, loss doli^ioscent than the other 
ferric aceto-nitrates, very soluble in water and in alcohol, decomposiblo by slight 
rise of temperature. 

/(C*H»0*)» 

The triaceto •nitrate^ Fo*-j NO* + aq., is prepared by digesting a mixture of 
I (HO)* 

ferric hydrate and the two acids in the required proportions at about 30® ; or by 
frequently agitating a mixture of 2 mol. acetic acid and 1 mol. ferric dinitrate ; 
the product in the latter case is a mixtures of triaceto-nitrate and tetra-nitrato. The 
triaceto-nitrate forms flattened monoclinic prisms of deep-rod colour, very soluble 
in water and in alcohol, insoluble in ether. 

/(CIIO’)* 

Ferric Diformo-diaceio^nitratc. Fo*- — This salt may be 

HO 

E repared by the direct action of the three acids in proportional quantities on ferric 
yclrate ; but more advantfigeously by the slow action of nitric acid (sp. gr. = 1-38) 
on a mixture of ferrous acetate and formate at the heat of tlie water-bath. When the 
oxidation is complete, a red liquid is obUiined, which is very unstable, hut crystallises 
when evaporated to a syrup over oil of vitriol. It is very soluble in water and in 
alcohol, insoluble in etlier ; very unstable, depositing ferric oxide on boiling, and 
decomposing if the evaporatiou of the solution be cjirried too far, even in a vacuum. 

The quantity of nitric acid required to effect the oxi<)ation of the ferrous salt in 
the process of preparation just described, is double of t hat required by the formula 

(( 01107 ^ 

of the salt; hence it is probable that tho salt Fo*l (0*H*0 )* is first formed and 

( {m*y 

afterwards converted into the basic salt just described by loss of nitric peroxide ; red 
va{)our8 are in fact disengaged during the evaporation of tho mixture. 

((C*H»0*)» 

Ferric Aceto-chlorides. — Tho triaccto • chloride, (Fe*)»b Cl* + 3aq.,is 

HO 

obtained bv cautiously treating with nitric acid a solution of ferrous chloride in 
acetic acid heated to 80®. 

((C*n>0*)* 

12Fe"Cl* + 9C*H«0* + 4NO*H - 3(Fo*)^] Cl* -»■ 3Fe*Cl* + 4NO + 6H*0. 

I HO 

The same salt is formed when a mixture of 1 mol. ferric hydrate, 2 mol. acetic 
acid, and 1 mol. hydrochloric acid is digested at 40® for two or three days. It forms 
very hard crystals, black by reflected, red by transmitted light, very soluble in 
alcohol and in water. When treated with silver oxide, they yield ferric triacetate. 
(vSeheurer-Kestner, Ann. Ch. Fkya. [3] Ixviii, 4^2; Jakreah. 1863, p. 267.) 

The tetraceto-dichlcride, (Fe*)'‘ ^ + 3aq., is obtained by dissolving 1 mol. 

feme hydrate in a mixture of 2 mol. hydrochloric and 4 mol. acetic acid ; or 1^ 
oxidising ferrous chloride dissolved in very strong acetic acid with nitric acid. It 
forms yellowish-red crystals, soluble in alcohol and in water, easily resolved 
into acetic acid and ferric triaceto-dichloride. When treated with silver nitrate* 
it decomposes after 12 hours at 60°, forming ferric tetraeeto-di nitrate; 

- 2A.C1 . 

Ziead Aoetatea* or Vliuablo Aootatoe. According to J. I«w» 
xcviii. 386 ; Jahresb, 1866, p. 235), there are only three definite plnmbie acetates, vis., 
The normal or monoplumbie salt . . 

The bibasic or biplnmbio salt • . or Pb''(C»HW)*I5b*0 ^ 

The trihasie or triplnmbie salt , , Fb''(C*H»0^*.2Pb*0. 

When bromine ie added to a Mlntioii of the moi^hmbio aalt, a brown predj^tatt 
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of lead dioxide is produced, and if the .liquid be wanned, the formation of this 
precipitate goes on till the bromine has been added in the proportion of 2 at. Br to 
2 mol. (C*H’0*)®Pb. The solution contains lead bromide and acetic acid : 

2(C*H’0*)*Pb + 2mO + Br» = PbO* + PbBr* + 

(Chapman a. Smith, Chem. JSoc. J. [2] vii. 185.) 

The bMumbio salt, which dissolves easily in water and in alcohol of 90 p. c., is 
produced by treating 1 mol. lead-oxide with a solution of at least 1 mol., or an excess, 
of the normal salt ; also when the triplumbic salt is dissolved in the solution of the 
monoplumbic salt ; and by the incomplete decomposition of the monoplurabic salt with 
aqueous ammonia, potash, or soda. Ammonia added in excess to its aqueous solution, 
throws down a mixture of triplumbic acetate and plumbic hydrate : 

4Pb*|(^ + 4NH» + 3H*0 « + Pb‘H*0» + 4(NH')(C*H»0»). 


The triplumbic salt is also produced : a. When a solution of the normal salt 
(1 mol.) IS digested with at least 2 mol. of pure plumbic oxide (of crude litharge, 
about 3 are required). By prolonged digestion of 6 pts. normal acetate 

V ^ niol.) of good finely pulverised lithai^e, 

till the undissolved residue appeared perfectly white, Lowe obtained a solution 
containing chiefly the biplumbic salt, while the spongy residue consisted chiefly of 
the triplumbic acetate and plumbic carbonate. When 6 pts. of the normal salt 
wore digested with 14 pts. (4 mol.) of litharge, the solution contained the triplumbic 
salt , and the crystalline deposit, wliich dissolved partially in boiling water, leaving a 
t^nsidcrable quantity of plumbic oxide and carbonate, was likewise found to contain 
the triplumbic, but no aexplumbic salt.— The triplumbic salt is further produced 
by ciiutious addition of potash to the solution of the normal salt, and by mixing the 
solution of the latter with excess of ammonia. It is obtained in silky needles when 
100 cc. of the cold saturated solution of the normal salt are mixed with 100 cc. 
water, the mixture poured into 40 to 50 cc. of aqueous ammonia (of what strength ?), 
and the wliole warmed over the water-bath in a vessel which protects it from the 
air. If the solution of the nonnal salt be mixed with only Jth of its volume of 
aqueous ammonia, the biplumbic salt is formed in solution, together with a precipitate 
of trij^umbic salt; with less than Jth volume of aqueous ammonia, only the 
•bmlumbic salt is formed. The triplumbic salt treated with ammonia, either at 
opdina^ or higher temperatures, is not converted into a sexbasic salt, but 
p^ially dewiiiiKJsed, with separation of ciy'stallino plumbic hydrate, or yellow 
plumbic oipde; neither is it converted into a more basic compound by digesting it 
with plumbic oxide (which in fact is not at all attacked by it). In its aqu^ius 
at lOo”) potash foiius a precipitate of plumbic hydrate (Pb’H*0“ dried 

From all these results, Lowe concludes that the sexbasic salt commonly said to be 
formed by agitating a solution of the diplumbic or triplumbic salt with lead 
oxide, has no existence. Neither did he succeed in preparing the sesquibasic salt 
(1. 16). When the dcliydratod normal salt is heated to 200°, till the fused mass 
irerolidines, the residue dissolves easily in cold water, leaving a mixture of plumbic 
oxide and catenate, and the solution contains biplumbic acetate, together with 
more or less of the triplumbic salt (precipitable by strong alcohol), according to the 
duration of the heating. ' ® 

The composition of the basic lead acetates above described w &9 inferred from the 
mi^e of their decomi^sition with potassium nitrate, whereby the corresponding basic 
nitrates are supposed to bo formed, which by their sparing solubility and perma- 
ne^ Me well ^apted for quantitative estimation. Thus a basic lead acetate was 
infexTM to be biplimbic or triplumbic when its solution gave with potassium nitrate 
a nreci'Dltate of ninliiTinnK* nr frirkluvnl'.ln * 


a palpitate of biplumbic or triplumbic nitrate. 

^ ® preparation of officinal sub-acetate of lead, or lead-vinegar (if it is to contain 
toe biplumbic salt), l^we recommends that 2 pts. of the triplumbic salt precipitated 
Tvell pressed, be dissolved at a gentle heat in a solution of 1 pt. of 
toe ciystaUised nonnal salt m 4 or 5 pte. of water thoroughly de-a6rated by boiU^. 

— Morci^. The formulm of these salts, according to the atomie 
weight of mercury now adopted, are : “ 

Mercurous acetate 

Mercuric acetate Hg"(C*H*0“)*. 
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Mercuric acetomlphide, Hg''(C‘^H*0*)*.ng"S, is produced by passing hydrogen sul- 
phide into a concentrated solution of morcuric acetate. The mercuric sulpnide Uiereby 
produced dissolves at first iu the mercuric acetate, but on passing the gas in excess 
the acetosulphide is precipitated as a white crystalline powder, and ultimately the 
whole is converted into black mercuric sulphide. The crystalline acetosulphide may 
be obtained in extremely thin, flexible, nacreous, translucent, rectangular plates, by 
adding recently precipitated mercuric sulphide to a warm concentrated solution of 
mercuric acetate, as long as it continues to turn white and assume a crystalline 
aspect, — mixing the filtered solution with an equal volume of alcohol of 90® and a 
little strong acetic acid, and leaving it for two or three days in a cool dark place. 
The compound dissolves in 12 parts of warm w'ater, and decomposes on boiling, with 
deposition of mercuric sulphide and basic meivuric acetate. Alcohol and ether, at 
tlio boiling heat, dissolve out almost all the acetic acid. A solution of recently pre- 
cipitated mercuric sulphide in mercuric acetate fields with soluhlo chlorides a white 
precipitate of the sulphochlorido Hg*S‘^Cp or 2}IgS.llgC!P, and precipitates of 
analogous composition with soluble brnmides and iodides and alkaline nitrates ; with 
alkaline sulphates a precipitate of sulphato-sulphide, containing Hg8.2HgSO*; 
with chromic acid and alkaline chromates, an ochre-coloured precipitate of the 
chromato-sulphide, HgS.2HgCrO^ (R. Palm, Chem. Ceniralb. 1863, pp. 118, 
121, 176, 227 ; Jahresk 1862, p. 220.) 

Potasaium Acetate. C*H“0'^K. — ^When this salt is heated for some hours in a 
sealed tube with bromine and water in the proportion of 2 at. bromine to 1 mol, 
C*H*0’K, potassium bromide is formed, and on opening the tube, carbon dioxide 
escapes, together with a gas which burns with a green flame : probably methyl-bromide : 

+ Br’ = KBr + CO» + CH*Br. 

Traces of a heavy liquid insoluble in water, probably brominated methyl-bromide, 
are also formed. The same reaction takes place very quickly under the influence of 
direct sunshine. Chfonne acts in a similar manner, one of the products formed by it 
being methylene dichlorido CH’^Cl*. (Chapman a. Smith, Chem. Soo, J. [2] vii. 185.) 

Silver Acetate- This salt is resolved by heat into crystalline hydrogen acetate, 
carbon dioxide, marsh gas, and a residue of metallic silver and charcoal : 

4C»H>0»Ag - 3C^H*0* + CO“ 4- Ag* + C ; and CWO* - CH* + CO». 

^ Heated with iodine^ in the proportion of 2 mol. to 1 mol. iodine is resolved 

into silver iodide, methyl acetate, hydrogen acetate, carbon dioxi^, fU^ylene, and 
hydrogen : probably thus : 

2(CH»,C02Ag) + V ^ 2AgI + CO» + CH»,CO»CII» 

Silver acetate. Methyl acetate. 

2(CH».CO»Ag) + P = 2AgI + CO* -i- CH* + CH».CO*H; and2Cn* « C*H» + H*- 

Silver acetate. Methyl- Hydrogen Methyl- Acetyl- 
ene. acetate. ene. ene. 

In this second reaction, tlio methyl in one moIecaJo of silver-acetate appears to split 
up into methylene and hydrogen, the latter taking the place of the silver in another 
molecule of the acetate, while the methylene is resolved into acetylene and hydrogen. 

With iadme in presence of water, silver acetate yields hydrogen acetate, together with 
iodide and iodate of silver : 

6C»H*0*Ag + !• + 3H*0 « 6C*H«0* + 6AgI + AglO*. 

(Bimbanm, Zeittchr.f. Chem. [2] v. 452.) 

Acktatbs (A1.COHOLIC) ; Acetic Ethers. — o. Monatomic . — Amjf Afl«* 
tate. C*H*'.C*H*0*. The sp. gr. of this ether, according to Hendelejef IJaktesb, 
1860, p. 7), is 0*8768 at 15® (that of water at 4® being taken as unity), BoiUnff 
point 140® (Wanklvn, Chem. 80 c. J. [2] iii. 30 ; Schorlemmer, Jahreab. ISOO, jk 
^27); .188® (Friedel and Crafts, Jina. 1864, p. 460), When heated to 
with ethyl-alcohol, it is partly converted into ethyl acetate. This is general 
mode of reaction between alcohols and compound ethers of organic adds, nhich, in 
fact, consists in the simple substitution of one alcohol-radicle for another, without 
fon^on of water or of acid. (Friedel and Crafts.) Heated in closed vosssls 
in ^ oil-bath, with photphoroue chloride, it yields phosphoroiui oxidi^ acetyl e Mor i dfi 
and amyl chloride (Sehlagdenhanfifon) ; 

8(0»H'».C*HH)*) + 2PCl» » PH>* + 8C*HK)Cl + 80H*iCh 
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By oxidation with dilute chromic add, it is conrerted into valeric and acetic acids; 
C*II".C*H>0» + 0* =■ C‘H'“0“ + C'lI'O*. 

(Chapman a. Thorp, CAem. Soc. J. [2] Iv. 77.) See EmBBs. 

Cetyl Acetate. C'*H« C'H’O* (i. 840). Sp. gr. *ib-858 at 20° Melting point 
18’6° ; solidifying point 14° ; boiling point 222° — 226° (E. Dollfus, Ann. Ch. Pnarm, 
cxxxi. 283). 

DiaUyl AcetAtes. See Diallyl. 

atbyl Acetate. — To obtain this ether quite pure, it has been 

recommended by Engelhardt {J. Pharm. [33] xxxix. 169), and more recently by 
Berthelot {Ann. Ch. Phys. [3] Ixv. 398), to wash the crude product with a weak 
alkaline solution ; then, after recti ficfition, to agitato it several times with a weak solu- 
tion of comnibn salt ; dry it with puhirorulent potiissium carbonate (not with calcium 
chloride, which, being soluble in the other, gives rise to percussive ebullition in the 
subsequent rectification) ; and finally distil at a constant temperature. Frankland 
and Duppa {Ckem. Soc, J. [2] iv. 396) prepare acetic ether by gradually pouring a 
mixture of 3‘6 kilogr. of 97 p.c. alcohol and 9 kilogr, strong sulphuric acid on 6 kilogr. 
sodium acetate previously fused and dried, leaving the mixture to stand for 12 hours, 
then distilling, and rectifying the distillate (which is free from alcohol and amounts 
to 6 kilogr.) over fused and pulverised calcium chloride. The best mode of mixing 
the alcohol and sulphuric acid is to pour the alcohol through a narrow glass tube, and 
with continual stirring (by moans* of this tube), to the bottom of the vessel containing 
tlio acid ; it is advisable also to leave the ethyl-sulphuric aoid thus formed for 24 
hours, before pouring it upon the sodium acetate. 

Sp. gr. 0*8981 at 16° (Mendelojef). Latent heat of liquid, 105*796 heat-units 
(Favre and iSilbeiinann) ; of vapour, 164*49 heat-units (Regnault, Jahresb. 1863, 
p. 77). Specific heat of liquid, 0*4344 ; of vapour referred to constant weight, 
0*4008 ; to constant volume, 1*2184 (Kegnault, Jahresb. 1863, p. 86). 

Beactions . — 1. By oxidation with dilute chromic acid^ it yields nothing but acetic 
acid : C*H*.C*H*0* -l- O- = 20^11^0* (Chapman a. Thorp). — 2. The action of chlorine 
on this ether has been further examined by Schillerup {Ann. Ch. Phar7n. cxi. 128). 
When chlorine gas is passed into ethyl acetate in the shade (Llie liquid being first 
at the temperature of the air, afterwards heated in the water-bath till it boils) and 
the passage of the gas being continued till it is no longer absorbed at the latter tem- 
perature, a product is obtained which distils without decomposition, but does not yield 
any compound of constant boiling point by fractional distillation. The portions 
which distil between 100° and 140° are regarded by Schillerup as mixtures of 
three chlorinated substitution-products of acetic ether, viz. C’^H^Cl-’O*, C*H*CPO* and 
,C*H^C1*0*. On treating these portions with a pasty mixture of barium hydrate and 
baryta-water, decomposition takes place, and on distilling the product, chloroform and 
ethyl acetate pass over, leaving a residue of barium chloride and barium formate, 
mixed with a largo quantity of black tarry matter. 

8. With bromine^ acetic ether does not form any substitution-products analogous 
to those which it yields with chlorine. When 1 molecule of acetic ether is heat^ to 
160° in a close vessel with 2 at. bromine, ethyl bromide and bromaceiic acid are 
produced : . - 

+ Br* « C^H^Br + C^H’BrO*. 

Bromacetic acid heated to 180° for tliree hours with ethyl acetate yields acetic acid 
and ethyl bromaoetate : 

C»H»BrO* + C»H».C«IPO» • + C*H».C*H*BrO*. 

(Crafts, Bu//. 1863, p. 117.) 

4» Acetic ether distilled with a mixture of lime-water and chloride of lime yields 
chloroform. (Schlagdenhauffen, J. Pharm. [3] xxx*vi. 190.) 

6. Acetic ether (like compound ethers in general) is decomposed by anhydreue bases 
in the same manner as by the corresponding hydrates, excepting that a metallic deriva- 
tive of the alcohol (an sdcoholate) is formed instead of the alcohol itself; thus : 

2(C»H‘.G»H*0») + Ba"H’'0* = Ba*'(C^H"0*)* + 2(C*H»)HO 
Hthyl eoetiite, Berfum Barium acetate* Aloolml. 
hydrate. 

a(C*H*C»H«0*) + 2Ba''0 = Ba''(C»H*0*)« + (C*H‘)WO* 

Bthyl acetate. Barium Bariuzh acetate* Bertoltt ethylate, 
oxide. 

(Berthelot a. Fleurieu, Ann, Ch, Phys, [8] xvii. 80.) 

fi. .With s^ium-elhyUttet acetic ether forms a oompouBd decomposible by water. 
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With formation of alcohol and Bodiuin acetate (Beilstein, Ann. Ch. PAam. cxii, 

C’H‘.C^H*0* + NaC^H^O + H^O - 2C*H:''0 + NaC“H*0*. 

(See Wanklyn’s observations, n^ra.) 

7. Ethyl acetate may bo heated to 200® vrith po/asstum sti/jtAydra^e without forma- 
tion of mercaptan (Wantlyn, Chern. Soc, J. [H] it. 418). 


Action of the Alkali-metals on Ethyl Acetate.* 

About thirty years ago this subject was investigated by Lowig and Weidmann, 
whose paper will be found in the Journal fiir pruktische Chemie, Bd. xx. 1840, 
o 414 et seq. In the same journal there is also an account of the action of potassium 
on methyl acetate by Weidmann and Schweitzer {ibid. p. 386). An analogous result 
was arrived at in both instances, viz. that the alkali-raotal acts on the ether wtthmU 
evolvinq any gas^ and gives a solid muss, consisting of ethylate or methylate of the 
metal, together with a salt of a reduced acetic acid (acetylous or hypo-acetylous 
acid)/ The equations by which these chemists expressed this reaction are not very 
intelligible at the present time, but the experimental facts are given with great clear- 
ness. A parallel result was obtained with benzoic ether. These researches appear to 
have been almost forgotten, but they are nevertheless in accordance with the most 

recent investigations. , . , ont 

A few years ago, Geuthcr in Germany {Arch. Tharm. [2] cxvi. 97 ; exxv. 29, 201 ; 
Jahresh. 1865, p. 304), and Frankland and Diippa in England, experimented on tho 
action of sodium on acetic ether; according to the latter, the action is very com pi i-’ 
cated (see PhU. '/Vans. 1866, vol. clvi. Part I. p. 37; Ohem. Soc. J. [2] iv. 396). 
From the account of this reaction given by Oeuther, and tlie account given by Prank- 
land and Puppa, it would appear that for every equivalent of sodium used up by the 
ether an equivalent of hydrogen is given olf. But tlie most recent investigations by 
Wanklyn (Ann. Ch. Pkarm. 1869, -xlix. 43 ; cl. 21) have shown that sodium is com- 
pletely taken up by pure ethyl acetate and by pure amyl acetate, without the slightest 
e\’olution of hydrogen, and also that valerianic, butyric, and benzoic ethers do not 
evolve any gas when they are acted upon by sodium : that, in short, hydrogen is never 
evolved by the action of tho alkali -metals on others.f 

Tho action of sodium on acetic ether has been shown to be simple, and somewhat 
analogous to that on the other ethers. It consists in di.splacemont of acetyl by tho 
metal and formation of sodium ethylate and sodium-triacetyl ; thus; 

^ , Ka > Na > 

4Na + ^ (a^H»0)>^ 

No other direct action takes place between the metal and tho ether, it having been , 
shown that just one-fourth of the quantity of metal employed is to be found in tli« 
state of sodium-triacotyl subsequently to the termination of tho reaction. 

A little secondary action, however, takes place between tho sodium ethylate and the^ 
excess of acetic ether ; thus : 

NaC’Ii'O + - N»C»H'C«n»0* + 

Ethylene-sodium Alcohol. 

, acetate. 


Of course, the exact conditions under which tho experiment is made will detennlna 
the extent to which this secondary action proceeds. 

The products therefore are : 

< Sodium ethylate. 

] Sodium-triacetyl, 
i Ethylene-sodium acetate. 

{Alcohol. 


Direct 

Indirect 


Sodium triacetyl. C*n*NaO* =« N'a(C*H*Oy.—Np doubt the hypoacetylite of 
soda of the older experimenters was sodium-triacetyl^ By Genther, who first^suoeeeded 
in obtaining it tolerably pure, and arrived at the true empiricil^ formula C^^aO*, It . 
was called * sethylen-dimethylen-carbonssures-natron,’ and was supposed to be denvsd 
in a complicati^ way from aoedc ether, its formation being accompanied by tha; 
evolution of a quantity of hydrogen eqnii^ent to the soditun reacting on the ether. 
Frankland and Duppa, whm account of ite origin isyohres the same snppoiidoi^ 
termed it * Ethylic sodacetone-earbonoto.* 

• Oo mmnnf flaSsa ty Frof a— or Wsnfclyn. ^ , ’ 

tbs aoo-etoItttloBel bydsogea Ims bssa eo Bfl i t ns tf -i^ 
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Preparation . — The slightly yellow wax-like mass, resulting from the action of 
sodium on acetic ether (1 part of sodium to 8 parts of acetic ether should be taken^ 
and the materials heated in the water-bath, or even a little higher, until the metal has 
disappea:^), is dissolved in perfectly dry ether mixed with a little absolute alcohol, 
tile solution filtered or decani, and the filtrate set 4jde to crystallise. Crystals of 
sodium-triacetyl separate. This compoy^ is soluble in water, and apparently cannot 
be recovered from its aqueous soIutioiiSP OBy treatment with an equivalent of acetic 
acid and common ether, it is resolved into the corresponding hydrogen compound, viz. 
H(C*H*0)*, hydrogen -tri acetyl, which is an oil, rather heavier than water (sp.gr. 
at 6® « r03), and boils at It was called * JEtbyldiacetsaure ' by its discoverer 

Oeuther. It shows an acid with litmus only in presence of water. With 

neutral ferric chloride it gi^.;jAT(?haracteristic dark violet-red colour. Jt may be 
distilled unchanged in contact yrijpsi sbsam, but undergoes decomposition in presence of 
strong acids or alkalis, or even in contact with water alone at a temperature of 150®, 

A number of its metallic derivatives have been obtained. The decomposition efiected 
by water in presence of acids or alkalis is very interesting, viz., 

+ H-0 = C»H*0 + C*H«0 + CO*; 

Acetone, Alcohol. 

wherein, as will be seen, alcohol is produced by a substance derived from acetic acid, 
inasmuch as the triacetyl is derived solely from the acetyl present in acetic ether. 

Hydrogen triacetyl has also been obtained by Lippmann {Zeitsohr.f. Chem. [2] v, 
28) — ^who, however, calls it ethylic acetone carbonate — by the action of acetyl chloride 
on the product of the action of sodium On .acetic ether (doubtless on the ethylene- 
sodium acetate contained therein) : t 

NaC*H'C*H*0* + C*H*OCl = NaCl + 


He finds that it is violently attacked by sodium, with evolution of hydre^n and 
formation of sodium-triacetyl ; and that this compound heated with a solution of 
mercuric chloride in acetic ether yields a precipitate of mercuric triacetyl^ C‘H*Hg"0*, 
Both hydrogen-triacetyl and mercuric triacetyl unite directly with bromine^ forming the 
compounds and C®H*HgO*Br*, both of which are heavy, pungent, oily 

lipids. 

^ Noeldecke (ibid. iv. 681), by treating the product of the action of sodium on ethyl- 
ijM^te with ethyl -chloracetate, has obtained an acid, homologous with 

together with succinic acid. The ethylic ethers of the two acids resulting 
fimm the reaction were converted into sodium salts by treatment with caustic soda, 
these salts were separated by absolute alcohol, which dissolved the salt 


iiii^H’NaO’, leaving the succinate undissolved, 
represented by the equation : 


The formation of ethyl-succinate is 


NaC*H«C*H*0* + C‘H®.C»H*C10* =. NaCl + (C*H»)*.C^H«0‘. 

For the equations representing the formation of the ethylic ether of the acid C*H*0*, 
regarded by Noeldecke as acotyl-propionio acid, C*H®(C*H*0)0*, we must refer to his 
memoir. This acid is monobasic, and forms crystallisable salts with calcium, 
oopjMr, kjod sine. 

J^hylie and methylio derivatives have been obtained by the action of iodide of ethyl 
or methyl on sodium-triacetyl. Both of them were first described by Gtuther, and 
the ethylic compound has also been specially examined by Frankland jfud Duppa. 

Ethvl-triacetyl, C‘-'H*(C*H’*0)’, boils at 108®; sp. gr, at 12® = 0*928 (Geuther). 
Frankland and Duppa give the boiling point 195°, and the sp. gr. at 16*6® *= 0*9834. 

MethyUtriacetyl, CH*(C*H=‘0)», boils at 187® ; sp. gr. at 6° « 1*009 (Geuther). 

Just as hydrogen-triacetyl yields acetone, alcohol, and water, by the action of alkalis 
» 5 ^„ Upon it, so also do these derivatives, ethyl- and methyl-triacetyl, suffer an anal(^ous 
^ decfimposition. Thus ethyl-triacetyl, under the influence of alkalis, as when boiled 
*with potash, or when treated with baryta-water, yields a ketone C®H'®0, together with 
aleuhol : 

C»H»(^B[H:]^| + H?0 « C»H>®0 + C*H»0 + CO*. 

In addition to sodia^piacstyl, produced by the direct action of sedinm on acetic 
other, it has been explmnl^ that another new organic product, viz., 

Kthylene-eodium aostaie^ is produced by a secondary a^ion of acetic ether on smne of 
oodium-ethylate, resulting as the complement to the aodium-triacetyl. 

^. / /^hen, therefore, ^e crude ma^ obtained by the prolonged action of acetic ether on 
t|(bdhim, is treated with ethyl-iodido^ the f^lowing products will be formed : 

IJtom so^um-ethylate . . . . common ethylic other. 

From aodium-triacetyl .... ethyl-triacetyl. 

Fhmi ethylene-aodium acetate . . C^*H**0* (new body). 
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Th« formation of Urn now body C“H“0*, which w ty 

Dunna. and named • otbylic-diethacetone-earbionate, u OTlainod by 

^Si^on that hydrogen i. eTolred during ^ r^on. U“P“W^ 
xeaeacehes by mnklyn have shown, however, that ^ylene-^um acet^ 
b^TS^T^on of aoetie ^ on sodium ethyUte yields the mly U^md C»a>K) . 

thus: 


2Ko 


}0»C'B* 

Ethylene-BOdium 
acetate. 


+ 20'^ = 


+ C*H*0 + 

Alcohol. New body. 


The new body C*“H*"0* boils at 210® to 212® wit^iout decomposition;^ P** ^ 
20® = 0*9738. It possesses the property of bein|f JW>lvod by baryta or limo-wa 
into carbon dioxide, alcohol, and a ketone, thna t; ^ , 

C*®H**0» + H*0 « CO* + + C’H**0. 

Tt has thus been stated that, by the action of ethyl iodide on the 
nwvluet of the action of sodium on acetic etlier, tliere is produced ethyl-tnacety , 
?*R>W^and a new body, Now both of tlieso oily p^ucto 

Isige quantity of butyric other thus : 

C*H»0» + NaC«H*0 -MtaC»H*G*H»0* + C'H'^O* 

' Bthylene-aodium Ethyl 

acetate. butyrate. 

By a similar reaction no douht C>«U>'0* will be found to give rise to caproii 

ether, thus: g.„Q, ^ UaC’H^O - NoC’H*C’H*0» + C*H'*0* 

Bthylcne-BOdlum Btbyl 

acetate. caproat®. 

Such is, then, the true chemical history of the butyric ether (and V^ohMy ^ ^ 
caproic ether) obtained by Frankland and I^ppa by the 

and ethyl-iodide on acetic ether. The butyric ether is a product of ethyl«tiriyeg%gg 
fiodium-cthvlate. Frankland and Duppa explained the production of bo^JgfflW 
and caproic other, by assuming the evolution of hydrogen gas, 

so-Lllod sod-kcetic other and disod-aeetic other, which, by action of othyl^odidi 

were supposed to give butyric and caproic ethor respectively. j. a. vr. ^ 

CH* 

C-H‘0« = ™|o - “ther is re«,hrs 

by oxidstion with dUuU chromio aeid Into accti'c acid, carbon dioiidemJ^jre^ 
C»H«0» + O* =» C"H:*0* + CO* + H*0 (Chapman and Tllorp). * 

£= dr; 2 !T^Ja 
™?ri! 

The first, third and fourth are described in vol. i. pp. 23, 24. ^ 

Pmt^uormatfd methyl acetate. C*HC1*0», .s formed by the 
alkaline citrates, and is tPea the final product of the action 

acetate in the shade. It is converted by caustic alkalis into dichloracetate, chloric 
and carbonate : 




C*HCTO|o + 8 KCI + OKK)» + »H«0. 


ammonia, dichloraoati 
itate (OloeE, Ann, C 


Aoneous ammenUi yields similar products ; 
mide, C*H»Cl*NO, is produced, instead of 

P*»»- [»1 297, SlI ; Jahretb. 1861, p. 869 ). .. . . ^ 5 ^. , 

l>eeX,iramimUSi methyl acetate, C*HBr‘0», is 
the citrates of potassium, sodium and barium. Cahouri, who obtome a it m ^ 
manner, together with bromoform, deeignated it ae bromoxaforw foj* C»™W 
i. 906); Cloe* (B^. CUm. pure. 1862 p. 127) obta^ 
bromine on methyus aleohol or methyl acetotfc_^^t is a eeiUd 
water, soluble in alcoboUjriiich de^ts « IV 

plates, melting at 75*, derompoaed ^ «ot|iw 

Stqt. O - ■ 
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potaah-^solution into potassium bromide, bromofonn and potassium oxalate (Cahoors, 
1 . 707). According to Cloez, aqueous potash and ammonia d^mpose it, with 
formation of carbonate and formate, whereas with alcoholic ammonia it yields 
di bromacetamide. 

Pbenyl Acetate. — This compound, discovered by Scrugham (i. 24), 

may be prepared in the pure state by heating 20 pts. of dehydrated lead acetate, 
8 pts. of phenol, and an excess of ctfrbon bisulphide to 170®, in sealed tubes, 
which must bo opened from time to time, to prevent explosion. The portion of 
the product which boils above 190® yields phenyl acetate by f^tional dmtillation, 
as a colourless liquid, having a peculiarly pungent odour, a Sp. gr. of 1*074, vapour- 
density, obs. = 4*727, calc. 469, and boiling at 200®. It becomes yellowish by keep- 
ing, dissolves in water, reacts neutral, and is scarcely decomposed by water even at 
180®. Boiled with potash-ley it yields phenol and potassium acetate. It has the 
same index of refraction as easily fhsible German glass, inasmuch as tubes of this 
glass become invisible when immersed in it (J. Broughton, Chem, Soc, J. [2] Hi. 21). 
Heated with an equal weight of anUine in a flask with upright condensing time, or in 
a sealed tube to 250®, it yields phenol and acetanilide (Lanth, Bull. Soc. Chm, T21 
ii. 164). ** •' 

+ c^^jur. 

Acetates of Diatomic Alcohol-radicles: Amylene, Butylene, Ethy^ 
lene, &c.---The recent additions to the chemical history of those ethers will be rfven 
in connection with the respective diatomic alcohols. 


STmSTlTXJTION-DEMVATIVBS OF AOBTIC AciD. 

Bromaoetlo Acid, C^II^BrO^ described at p. 664, vol. i., as formed by the action 
ot bromine on acetic acid, is likewise produced : a. Together with dibromhydrin and 
whor products, by the action of bromine on anhydrous glycerin (L. Barth, Ann, Ch, 
F^rm, cxxiv. 341).-~6. Together with ethylic bromide, by the action of bromine on 
ethylic acetate : in sealed tubes at 150® : 

C2H».C*H>02 + Br* = C^H^BrO* + C*H"Br. 

bromaeetic acid further converted into dibromacetic acid (Crofts ihid 

glycollic acid : +’ HBr 

+ C II BrO- (Kekul4, thid. cxxx, 11). — 8. By oxidation of an alcoholic 
solution of monobromacetylene exposed to tho air : C'^HBr + O + H*0 - C^H^BrO* 
(Glocknor, Ann. Ch. Pharm. Suppl. vii. 107). 

This acid acts on silver benzoate in such a manner as to form glycollide, benzoic 
acid and silver bromide ; ' ueuwiu 

C^n^BrO* + AgCm»0® = + C’H«0* + AgBr. 

With sodium salic^ate, it forms glycollide and salicylic acid. 

1864, p. 322), not in needles, as stated by Porkm and fiuppa, but in white shining 
prolonged boiling of its aqueous solution into bromide 
and glycollate of lead. 1 ho sodium salt is decomposed in a similar manner, 
fi, ^ ®“^®rJioatod with sodium is converted, as already observed (m into 

the ethylic others of aceconitic acid and citracetic acid. 

Tribramaoetio Aeid, C^ITBr^O*, is produced by the action of water on tri- 
! ciystals which melt at 135®, boil at 250®, 

' decomposition-products analogous to those obtained from 
trichloracetic acid , namely, a salt of formic acid and bromoform. 

Cbloraoetlo Aold, C^H^CIO®, and Btobloraoetio Aold. C‘*H*CPO* mav be 
prepared by ^trt^ting boiling acetic acid (diluted to sp. «. 1*066) 
Thh Half a litre of the Uid is heaSi to boili^ 

grams of lodme in a flask-retort, having a long upright ned? 
^ !f a moderate stream thro^h a tole lipping into 

i'nd h,*ochloric acid gas, wi^e the 

“«a>n into the flask. The chlorine 
strongly only when tho iodine is convortod into narebloride • if the 

J* wxwrme, thu iodine flows back in the form of monochloride, which ii^bseqne^ 
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converted into trichloride, and then acta upon the ftcetie acid. After the passage of 
the chlorine has lieen continued for several days, the liquid is boiled rill vamurs of 
iodine make their appearance, then left to cool, and the decanted liquid is distillcKi. 
The portion boiling below 180^ (which contains the unaltered acetic acid and the 
greater part of the iodine) is again subjected to the action of chlorine. The distillate 
which passes over ciystallises on cooling, and ^elds by repeated distillation and 
m^stallisation, pure monochloracetic acid. The iodine-vapours given off during the 
distillations arise from a small quantity of iodacctic acid, which is always produced 
in a certain quantity, but may bo removed by repeated distillation or by treatment 
with a small quantity of concentrated hydriodic acid. The portion of the product 
boiling above 188° (which does not amount to so much as the monochlorinat^ acid, 
except in favourable cases, and after at least sixty hours' action of the chlorine), 
consists chiefly of didiloraceric acid, which must be freed from a little iodacctic acid 
in the manner above ^osmbed, and then purified by fractional distillation. Lastly, 
the portion of the crude distillate boiling between 196"^ and 210°, appears to contain 
trichloracetic acid (Hugo Muller, Chem. Soc, J, [2] ii. 398). 

Monochloracetic acid, C*IPC10*, is described at p. 876, vol. i., together with 
several of its salts. The sodium salt, prepared by saturating the aqueous acid in the 
cold with sodium carbonate, does not yield any distinct crystals ,by evaporation in a 
vacuum. A specimen dried in this way remained unaltered when heat^ to a little 
below 100° ; above that temperature it melted, turned brown and swelled up 
(Heintz, Jahresb. 1861, p. 444). 

Ethyl chlorojcetate, is easily prepared by passing hydrochloric acid 

gas into an alcoholic solution of the acid, ana precipitating with water. Heated to 
130'^— 160°, with rather more than an equivalent quantity of sodium glycollate, it is 
converted into ethyl glycollate, (Heintz). 

Dichloracctic acid, C^H'^Cl'^O* or H.C^HCPO’'*, may be prepared as above, or, 
according to Maumen6 {Bull. Soc. Chim, [2} i. 417), by leaving 5 at. dry chlorine to act 
upon 3 molecules of pure monochloracetic acid, in large flasks, for twenty-four hours. By 
heating the very corrosive product in the water-bath to remove hydrochloric acid, and 
then distilling it, without the use of corks, p\u*e dichloracetic acid is obtained as the 
last portion of the distillate. 

Dichloracetic acid is, at ordinary temperatures, a liquid of sp, gr. 1*626 at 36°, 
boiling at 196°, very corrosive, and omitting sufibcating vapours when heated. 
According to H. Muller, it does not solidify in the^ cold ; according to Maumen6, it 
crystallises in distorted rhombohotlral plates. It apj^Hars to be easily decomposed by 
water, with formation of hytlrochloric acid (Muller). Its salts are mostly soluble in 
water ; those of the alkali metals crystallise with difficulty. The lead-salt is amor- 
phous, soluble in water, but insoluble in alcohol. The silver-salt, AgC^'IICPO*, 
crj'stullises indistinctly, and decomposes in aqueous solution, with separation of silver 
chloride and metallic silver (Mviller). According to Miiumen6, it is obtained by 
digesting the acid with silver oxide suspended in water at 40°, as a sparingly soluble 
crystalline precipitate, which, when warmed, is veiy easily resolved, like the trichlor- 
acetatis, into monochloracetic and hydrochloric acids, together with carbon dioxide, 
carbon monoxide, water and silver chloride. The solution, heated to 76°~fl0° with 
ailv» oxide, is decomposed in the manner shown by the equation : 

2AgC*HCPO* + 3Ag»0 - 2CO* + 2CO + 4AgCl + Ag‘ + H*0. 

Ethy^ dichloracetate, C*H*.C^HClO*, is formed, together with other products, by 
heating carbon dichlorido C^Cl^ with sodium ethylate to 100°-160° for twelve or 
eighteen hours. The portion of the product which is soluble in water oonsiste of 
sodium ethyl-glyoxylate, (See GtYOXYi^ATBS.) The oily portion separable by water 
consists mainly of ethyl dichloracetate (with a small quantity of dichloracetic chloride, 

6 22). This ether has a density of 1*29, and boils at 163° (at 166°, Miiller), 
^t^ with water to 120°, it is resolved into glyoxylic acid, C*H*0*, hydiochlorio 
acid and alcohol ; on keeping it, oxalic acid is produced, together with alcohol (Fisdiar 
and Geuther, J'oArcsft. 1864, p. 810). The methydic ether exhibits similar propertiei» 
and has a sweet taste and aromatic odour (Muller), 


OyAiiacetto Aet4, C*H^CIf)0®, or its ethylic ether, is produced by boiliiig ethyl* 
monochloracetate with aqueous potassium cyanide. The etlH»r tsteatid with ptreog 
potash-ley gives off ammo|iui', and is converted into loaloide C&lbai 

Ann. Ch. Pharm. cxxxj* 221 ; H. Muller, Und. exjad. 360)« , V 

Th. Meyee (Asm^ <M. J^rm. cxliiii. 201) prepM 260 


grms. ethyl monodiloxiutetikte iri|h a tolurion of 
grms. water in to till ^the odour of p 


cyanide in ] 
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ey&poT&tiDg the exactly neutraliBed dark brown liguid to half its bulk,^ acidulatii^ th 
Altered liquid with sulphuric acid, evaporating, and repeatedly treating the residm 
with ether. The united ethereal solutions when evaporated leave the crude cy^acsetii 
acid as a dark brown liijuid, which must be treated with lead carbonate (to^reitnovf 
malonic acid), filtered, and, after precipitation of the lead by hydro^n fiiuljphide, 
evaporated first over the water-bath, then in a vacuum over suljjhunc, 
crystallised and only slightly coloured cyanacetic acid thus obtained forms 
which, excepting those of silver and mercury, are very soluble in water : 


Potassium cyanacetate, C*H®(CN)0®K, is deliquescent. 


Silver 

Barium 

St 

Mercuric 

Zinc 


C2H*(CN)0*Ag, sulphur-yellow precipitjufe, 
rC*H*(CN)0®]*Ba, does not crystallise welL 


needles, 


f Cm^(CN)O^PPb.B^O, epi0 
Cm’>(CN)O^pHg.2Hg0^yt 
C2H*(CN)0*J*Zn.2H*0, ! 


ciystals. 

powder. 

'nctly crystalline. 


Xodaoetlo Acid. C^H*IO*. — Preparation and Properties (iii. 279). Resolved by 
concentrated hydriodic acid, even in the cold, into acetic add free iodine: 
C'H'IO* + HI = C*H'0» + P (KekulS, Chem. 800. J. [2] ii. 866). 

'Xlilaeetio Acid, jj (v. 771). — ^Formed by the action of potassium sulpby- 

drate in alcoholic solution on phenyl acetate. 


C^H^O 

PhMiyl 

acetate. 




K) 


C«H» 

H 

Phenol, 


|o . c»n.0|3 

Thiacetato. 


fe- , ^ 

'fOa ttl^ng water, the phenol separates and the potassium thiacetate dissolves 
(Slelpi^, ^iiseXr. f. Chim. [2] iii. 196). According to Frohdo {Jahresb. 1866, 
167)i sTOiuitt thiacetate is formed by heating lead acetate with sodium hypo- 
sulphite. 


Etliyl %hi acetate, C*H’OS.C‘-H®, may be prepared by dropping acetyl chloride 
on sodium mercaptide, the reaction being assisted towards the end by the application 
of a gentle heat. It is a colourless liquid, having an alliaceous odour, auci boiling 
at 117°. When dropped into cooled nitric acid of sp. gr. 1*2, diluted with an equal 
bulk of water, it is oxidised to sulphethylic acid (Saytzeff, Zeitschr. f. Chem. [2] 
iv. 642). 


Thiacctic Anhydride, or Acetic Sulphide, (C2H*0)*S, may be prepared by 
adding acetyl chloride by small portions to crystallised potassium sulphide contained 
in a well-cooled flask, provided with a condenser. On distilling the liquid at the end 
of the reaction, pure thiacetic anhydride passes over, as a yellowish liquid boiling at 
121®. It is not attack^ by dilute nitric acid, but fuming nitric acid oxidises it to 
acetic and sulphuric acids. Not decomposed by heating with acetyl iodide or sUivl 
iodide (Sayteeff). ^ ^ ^ j 

ACSTXO BROIMCXBIS, or ACBTYXi SmOMXOll. O^H’O.Br.— H. Gal 
Soc. Chim. V. 172)' prepares this compouiMl> by introducing 6. at. br(HiiiDe through 
a drawn-out tube into a retort containing 8 mols. of glacial acetic acid, and 2 at. 
red phosphorus, A violent reaction then takes place, resulting in the formation 
of hydrobromic acid, phosphorous acid, and acetic bromide, which is separated by 
distillation : # 

8C»H<09 + 2PBr» - 3HBr + P*0» + 3C*H>OBr. 


According to this equation, half the bromine is employed in the formation of the 
acetic bromide, whereas according to the ordinary method with phosphorus penta- 
bromide (i. 34) only gth of the bromine is converted into that c<unpound ; 240 grms. 
bromine, 90 |:rm8. glacial acetic acid, and 33 grms. phosphorus, yield 140 grms. acetic 
bromide boiling at 81°. 


obromace tic Sr omide. C*H^BrO.Br. — ^Produced; 1. By heating 6 grms. 
acetic bromide with 8 grms. bromine in sealed tubes placed in a water-bath heated to 
60° or 60° (the tuhsifi: being opened from time to time to allow of the escape of 
hydrobromic acid)j: by .(Collecting the portion of the product which distils over at 
,ic,o ^ yellowish liquid, which may be rendered colourless 

heating acetic bromide with an equivalent quantity 
•nddslli 140°-160° in a sealed tube C*H»OBr + PBr* 
W (Samosadsky, Zeitschr. /. Chem. [ 2 ] vi. 106).— 


161°-153° it ia 
by agitation with 
of phosphorus ^ 
« PBr» + HBr 
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$. Hubner (Ann, Ci. P^arm. cxxiv, 316) and Naumann (idtd, cxxix. 257) prepare 
it by tjM& action of bromine on acetic chloride. When these substances are heated 
togetlu^^ in equivalent proportions (120 pts. bromine to 64 pts. acetic chloride) to 
100® p a retbrt connected with an upright condensing tube, the reaction takes placo 
chjfcd|^|[n the manner represented by the equation C*H.*OCl + Br* = 0''*Il''*Br0.Br 
+ By repeatedly rectifying the red liquid which remains in Uie retort, and 

collecting the portion wliich boils above 148°, the raonobromacetic bromide is 
obtained as a colourless or light yellow liquid boiling at 149®-! 60®. It fumes in 
the air, strongly attacks the mucous membranes of tho nosS and bronchial tubes, and 
produces deep Vounds when placed upon the skin ; its vapour instantly destroys cork 
and caoutchouc. It is not decomposed by sodium even with aid of heat. It mixes in 
all proportions with a^]|idrous e/her (Naumann, Hubner). It dissolves slowly in 
water, forming hydro^MBiA and bromacetic acids, the latter of which may be 
obtained in fine cry sta»^ leaving the bromide exposed to the acid. With aLohd it 
yields ethyl bromide andkthylic raonobroraacetate boiling at 159®. By hoivting with 
bromine, it is converted into dibromacotic bromide (OuJ). Neutralised with »otlium 
carbonate, and evaporated, it leaves a saline mass, containing a small quantity Of 
sodium bromacetate, together with sodium bromide and glycollic acid. Distilletl with 
an equivalent quantity of dry sodium acetate, it yields up to 100° chiefly acetic oxide, 
(C*H*0)*0 ; between 178® and 196®, bromacetic oxide, (U“Ii2BrO)*0 ; and above 200® 
bromacetic acid, as a decomposition-product of the latter. With 1 mol. bromacetio 
bromide and 2 mols. sodium acetate (equal weights), tho reaction takes phice as shown 
by the equation : 

C^H^BrO.Br + 2NnC2H»0^ - -I- CaPO’ + 2NaBr (Naumann). 

Bromacetic Sodium Glycol- Acetic 

bromide. acetate. llde. oxide. 

hihromaceiic Bromide, C^HBr^O.Br, is formed by heating^ 1 mol, 
bromacetic bromide with 2 at. bromine to 160® for several ^ys, and ' 
contents of the tube. It is colourless, fumes in the air, boils at 194®, disiwivii 
slowly in water, yields no crystals on exposure to the air, is easily docompcHiod hy 
potash, and when treated with alcohol yields othylic di bromacetate, C*H*X*HBr*0*, 
wiling at 194® (?) (Gal, loc, cit.), 

Tribromacetic Bromide, C*Br*O.Br, is produced by boating dibromacotic 
bromide with excess of bromine to 200®, as long os hydrobromic acid continues to be 
evolved, and may bo obtained pure by distillation, between 220® and 226®. It is a 
liquid which fumes in tho air, and is converted by prolonged contact with water into 
tribromacetic acid ; by alcohol into othylic trlbroraacetate, C*IP.C*Br*0^ boiling at 
225° (Gal). 

Chloracetic Bromide, CWClO.Br or CH^Cl.COBr (P. do Wilde, Anni Ch. 
Pharm, q-xtx. 372; Jahresb. 1864, p. 320 ; Gal, loc. cit,), — Prepared by adding 6 at. 
bromine, by drops, or in a thin streara, to a mixture of 3 at. monochloracetic acid, 
and flat, amorpnous {hosphorus : 

8(C*H*C10.H.O) + 2PBr* - 3HBr + FO* -i- S<C«fi*C10.Br). 


By distillation, tho chloracetic bromide ui. obtained as a colourless liquid, turning rod 
or yellow after a few days, fuming*'iP|^^^ oxciting lacrymation. Sp.gr. 

1-913 at 9® ; B. P. 127® (Be Wilde; f to 135® (Gal). In contact with water it 
yields hydrobromic and monochlon|Midd Acids, and with alcohol, ethylic bromide and 
ethylic monochloracotate. 

Cyan^^etie Bromide, C*H*(C1^0.Br or CH^Cy.COBr, is produced, togeth^i* 
with its isomer, bromacetic cyanide, C*H*BrO.CN, by heating silver cyanide for an 
henar in the water-bath, with a mixture of bromacetic bromide and chloroform. The 


liquid extracted by hot ether from the resulting silver bromide deposits, first, 
long, very sparingly soluble needles ofr^^nmacetic bromide, and some time Afterwards 
large transparent plates of bromacetic 'cyanide. The sparingly soluble i^anaeetio 
bromide crystallises from boiling chloroform or ether in needles, but from a mizttuW 
of chloroform and glacial acetic acid in small cubes. When decomposed by water or 
potash it does not yield hydrocyanic acid, but, together with ammonium bromide (or 
ammonia and potassium bromide), the acids whi^ result fi^|||^|||mutiisl aetidh of 
ethylic chloraeetate and potassium cyanide, viz. -yr — adds (a, 19 ) 
(Hubner, 1889, p. 243; 1864, p. 328). 


AonwoxMAaBior^rarr^ cmMi 

(i. 86).--<~Tltii e«an9iuid is amtahied ia the more yoii||B 
by tlm aetimi hf imloriim on aahyebons aldehyde. 
is eoBvertsi Siito monochhwacdic dilinide (^urts^ ^ 


M). 



22 ACETIC CYANIDE. 

With poioMitm mUphydrate, it yields acetic sulphydrate or thiacetic acid (v. 771), 
and with potasmm Tnonoml^hidet it yields acetic sulphide or thiacetic anhydride : 

C»H«OCl + KHS = KCl + C^H^O.HS 

2C2H»0C1 + = 2KC1 + (C*HS0)'^S 

(Jacquemin a. Vossolmann, Compt. rend. xlix. 371). With zinc-methyly it forms 
acetone or dimethyl ketone ; 

2C2n3oci + zn(CH=»)2 = Zncp + co{cmy ; 

and with zinc-ethylj in like manner, the homologous compound methyl-ethyl ketone, 
CO(CH*)(C'‘'H*), isomeric with butyrone (Freund, Ann. Ch. Pharm. cxviii. 1). Heated 
in a sealed tube vr\^pho8pkoru8pentachloride^\ty\e>\&^ trichloracetic chloride, C^CFO.Cl, 
a small quantity of an oily compound, C^H*C1,, which distil over successively (the latter 
depositing crystals in the receiver), and a crystalline compound, C'^HCF, which 
remains in the retort and melts at 180®-181® (Hubner, Ann. Ch. Pharm. cxx. 330). 
By st/tw cyanide^ acetic chloride is converted into acetic cyanide, C®H®O.CN (Hiibner). 
Acetic chloride acts violently on lime which has been slak^ and then ignited, the 
lime sometimes becoming red-hot. On lead oxide, on the contrary, it acts but 
slightly, even at 100°-150®. When 2 mols. acetic chloride are gently heated in a 
sealed tube with 1 mol. caustic baryUi, and the product distilled, acetic oxide passes 
over (H. Gal, Jahreah. 1863,p. 321). Heated to 120*^ with phosphorous acid^ it yields, 
as principal product, acetopyrophosphorous acid, H“P(C*H®0)0* (Menschutkin, 
iv. 634). 

Monahr omacetic Chloride., C'''H‘'^BrO.Cl, is produced by the action of phos- 
phorus trichloride on monobromacetic acid : 

SC^H^BrO^ + PCl» = PH’0» + 3(C2H2BrO.Cl). 

It is a colourless, slightly fuming liquid, liaviiig a pungent odour, and a sp. gr. of 
1‘908 at 9°. By the slow access of aqueous vapoui’, it is convortod into mono- 
chloracotic acid (B. P. 180°) and monobromacetic acid (B. P. 208°) (Geuther, Ann^ 
Ch. Pharm, cxxxii. 171). 

Ddonochlor acetic Chloride. C*H*^C10.C1, — Produced *. 1. By the action of dry 
chlorine gas on acetic chloride, rapidly in sunshine, in the course of 24 hours in diffused 
daylight; separated by fractional distillation (Wurtz, Ann. Ch. Pharm. cii. 93). — 
2. By the action of phosphorus trichloride on monochloracetic acid (Do Wilde, 
Gal). — 3. By that of phosphorus pentachloride on sulphacotylenic chloride (v. 476). 

Jh^|c1» + C’‘H*C10.C1 + PCI*. 

It is a colourless liquid, having a pungent odour, sp. gr. 1*495 at 0°, and boiling at 
about 106° (Wurte). Converted by water into chlorucetic acid ; by alcohol into ethyl 
chloracetate ; by ammonia gas into chloracetamide, C^H'^CIO.NH^. 

Pichloracetio Chloride^ C''HCPO.Cl, has not been obtained, but its eUiylic 
derivative, C*(G“H*)Cl®O.Cl, is formed, together with ethyl dicliloracetate and other 
products, by the action of sodium ethylate on carbon dichloride, C^CP. If the 
portion of the product of this reaction which boils at 153° bo shaken up jrith excess 
of potash-ley, the ethyl dichloracetate dissolves, with formation of cUoride, oxalate 
and dichloracotatiO of potassium, while the dichlorcthylacetic chloride remains 
undissolved. It is a liquid having a peculiar acrid ethereal odoot, boiling at 
152°- 153°; remains unaltered in dry air, or in contact with pobish, ammonia, or 
water, but is easily decomposed by moist air, with formation of oxalic and hydro- 
chloric acids. When heated with water it gradually dissolves, yielding alcohol, 
hydrochloric and glyoxylic acids, with trjicee of oxalic acid : 

C«(C»H»)CPO.Cl + 4H^O = ,C»H»0 + 3HC1 4 C^H^O^ 

(Geuther, Jahreah. 1864, p. 317). 

Tri chi or acetic Chloride^ C^CPO.Cl, is formed, together with tri- and penta- 
chlorinated ethane^ C*H®CP and C-*HCP, by the action of phosphorus pentachloride 
on acetic chloride. It is a liquid boiling at"ll8° (Hubner, Jahresb. 1861, p. 487). 

ikOSTtO OYAirniB or A.CSYW'Xi C'TA.K'ZBa* C’H’ON - C*H*O.CN.— 
Produced by the action of acetic chloride on silver cyanide. On heating the two 
ooTOj^'inds together to 100° in a sealed tube for an hour or two, and subsequently 
distuling the product, a colourless liquid distils over between 80° and 90°, and after- 
wards a com^und w^ich boils at a much higher temperature. The first-mentiooed 
lHquid yields by Topeated rectiftcafeon, acetic cyanide, whicb boils oonstanUy at 93°, and 
a vapouivaensity of 2*4, agreeing with the formula C*H*0.CN for a two- volume 
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condensation (calc. 2‘3). This compound is lighter than water, whicli gradually 
dissolTOS it> with formation of hydocyauic and acetic acids ; it smells of those acids, 
and by prolonged contact with the air is conTo^d into crystals soluble in water. 
When kept in a vessel closed with a cork, or hd^ted with solid wtassium hydrate or 
with sodium, it changes into an oil insoluble in water, and solidifying when washed 
with water to crystals, which have the composition of acetic cyanide, but a vapour- 
density of 4‘9 to 6*0, agreeing with the formula of di ace tie di cyanide, (C*H*0)*. 
(CN)* (calc. 477). This compound melts at 69® and boils at 208®-209°. When gently 
heated it remains liquid for a long time, and gradually solidifies again in very largo 
plates. It dissolves in alcohol, ether, ordinary sulphuric acid, strong acetic acid, and 
strong ammonia, gives off ammonia when boiled with potash, and, like the liquid 
cyanide, is convert into hydrocyanic aad acetic acids by boiling with water, sulphuric 
acid, or potash. Heated in a sealed tuba to 100° with solution of silver nitrate, it 
yields silver cyanide crystallising in shining needles (H. Hiibner, Ann. Ch. Fharm, 
cxx. 230; cxxiii. 271). * 

Bromacetio Cyanide^ C^U^BrO.CN, is obtained, together with its i&omor, cyan- 
acetic bromide, by heating silver cyanide with bromacetic bromide and chloroform 

(p. 21). 

ACSTXC OatXOB or AftrBTBBXBB. (C''H=»0)*0.— The following additional 
mo<les of preparing this compound may be noticed : a. By the action of caustic baryta 
on acetic chloride, C*H*001, in sealed tubes, first at ordinaiy temperatures, afterwards 
at a gentle heat. On distilling the p»roduct, the acetic oxide passes over at 187° 
(H. Gal, Comyt. rend. Ivi. 360). — )3. By the action of carbon bisulphide on lead or 
silver acetate : 

2(C»H’0)’|q. ^ pg, ^ 2PbS + CO’ + 2(C’H>0)’0. 

A mixture of finely pulverised lead acetate, dried at 100°, and carbon bisulphide, iB 
heated for some time to 165° ina strcmg sealed glass tube, of which it fills about a third, 
the tube being opened from time to time to permit the escape of carbonic acid gas. 
The liquid contents of the tube separated from the lead sulphide yield by distillation, 
first, the excess of carbon bisulphide, then a small quantity of acetic acid and a trace 
of acetone, and, lastly, acetic oxide, boiling at 137°. With silver acetalo the reaction 
takes place more quickly. 

iifeaefioMs,— Acwrding to A. Bauer (ITtcn. Akad. Ber. xliii, [2] 709; Jahreab. 1860, 
p. 438), acetic oxide heated to 100° in a sealed tube with a^itic-ohloride yields a product 
which separates by fractional distillation into acetio acid at 137°, and a residue 
which when freed by water from zinc-chloride, consists of a black-brown substanee. 
C^H^O or C**H‘*0*. The reaction is : 

2C«H«0* = 2C''‘n<0* + H*0 + C*H*0. 

Glacial acetic acid heated to 150°-16<>° with zinc-chloride suffers no alteration. 

According to Schutzenberger {Jdhresb. 1863, p, 403), the mixture of acetic oxide 
and barium peroxide in anhydrous ether, used by Brodie for the preparation of 
acetyl ^roxide (i. 6.5), gives off, when the barium peroxide is in excess and heat is 
applied, a large quantity of ga*!, consisting of 2 volumes carbon dioxide and 1 volume 
methyl (or ethyl-hydride), and leaves a residue of barium acetate : 


2(C*H*0)H) + BaO» = 200* + C’H* + 

Action of Chlorine, Bromine, and Iodine (H. Gal, Ann. Ch. Phya. f3] ixvi. 187).— 
W’hen dry chlorine gaa is passed into acetic oxide heated to 100°, acetyl chloride, 
boiling at 56°, passes over, and monochloracetic acid, boiling at 187°, remains : 


(C»HK))»0 + Cl> - C^H'OCl + 

A mixtnre of 2 at. bromine and 1 mol«i|eetie oxide becomes heated in a fev 
and yields similar products. lodijie does not act upon acetic oxide at at 

higto tenmratures the mass blackens and gives off hydritidic acid. 

, acid gaa acts strongly on acetic oxide at 100°, ACClIad 

chlonde and acetic acid : I . ; r 

((?H*0)’0 + HCl + o>H*oa + 

Acetic oxide heated to 60° in a stream of carbonic acid gaa witE % 1 
cMorokydrtUe, SO»Ha, yields an acid, C*H«80% which when OOXM 
by^nentraliaatioii with lead carbonate, sep^i^ted titfcr e frodtt fer 

and erapocatad, mnains as a thick syrap, iK>Hdify|]igiii aTac6^ to a 

^ '■ 
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very deliquesceBt mass, insoluble in alcohol and ether. This acid is bibasic ; its 
potassium salt, C*H^K^SO^ is very soluble in water and precipitated by alcohol as a 
granular powder. Tlio sodium crystallises from water in crusts, 

from alconol in concentric needles^Tho silver salt, C®H*Ag^SO’, is insoluble in 
alcohol and ether, moderately soluble in cold water, and separates from a concentrated 
solution of the acid mixed with silver nitrate and with alcohol, in large thin plates. 
The barium salt, C='H<BaSO^ crystallises in nodular groups of hexa^MiJ plates, and 
in crusts, insoluble in alcohol and ether, slightly soluble in cola,,^|^e freely in 
boiling water. The lead salt crystallises in white prisms. * 

When 2 mols. acetic oxide are heated wi^, 1 mol. urea to the boiling point of the 
acetic oxide, the liquid, on cooling s^hd Iddf^ion of water, yields acetyl-urea, 
CH*(C»H*0^N*0 (Scheitz, Marsh a. Geuth«|^^. Soc, Chim. [2] x. 460). 

Acetic oxide exerts ng action on oxamdA^'^ heated together to 

140°-160° in a sealed tube (Scheita, Uforsnii. Cleuttter). 

Acetic oxide treated with nascent zinc-ethyl (a mixture of 2 mol. ethyl iodide and 
1 mol. acetic oxide, added hy drops to pulverised zinc-sodium in a cooled vessel) yields 
methyl-ethyl-kotone: ^ 

ChSI® + Zn(C?fH‘)* = Znb + 2Cojgg,. 


The action is complete in twenty or thirty hours, and on adding potash to the product, 
drying the separated oil oyer fused potassium carbonate, rectifying, combining the 
portion which passes over between 100® with sodium bisulphite, and distilling the 
resulting crystalline compound with potassium carbonate, methyl-ethyl-kctone is 
obtained, boiling between 77° and 80®. With methyl iodide in like manner, common 
acetone (dimethyl ketone) is obtained (Saytzoff, Zeitsehr.f. Che.m, [2] vi. 104). 

Action of Acetic oxide on Cellidose, Starch, — Acco|diaDg to Seniitzenberger (Bull, 
Soc, Chim. [2] v. 290), the ethoroidal compounds fortip^ Jjy colluloso, starch, sugar, 
&c„ with acetic acid are formed more easily and abundantly by the use of acetic 
oxide, than by prolonged heating with glacial acetic acid, as recommended by 
Borthelot. The action of the acetic oxide usually begins at its boiling point, and 
when once set up, goes on spontaneously, yielding the new compound t<^ethef with 
acetic acid. Cellmose is dissolved to a syrup at 160®. The resulting aceto-cefluloso 
18 white, solid, amorphous, insoluble in water and in alcohol, soluble in glacial 
acetic acid, and easily decomposed by alkalis, with reproduction of cellulose. Starch 
yields two compounds, one of which is insoluble in water, but soluble in alcohol and 
acetic acid ; the other brittle, soluble in water and in alcohol ; both are resolved by 
potash into acetic acid and dextrin. Cane-sugar, glucose., milk-sugar, mannife, and 
dulcite yield solid or glutinous bodies, having a bitter taste. Glucosides are acted 
upon by acetic oxide in a similar manner. 

Compounds qf Acetic oxide with Aldehydes (Goutlior, Jahresh. 1860, p. 306, 1864, 
pp. 329, 334). — Acetic aldehyde unites with 1 and 2 molecules of acetic oxide, 
forming the compounds and CGI'0.2C^n"0\ The first, described at 

p. 108, vol. i., is prepared by heating its components together in equivalent quantities 
to 180®. The second is formed by heating elaldehyde (i. 109) with acetic oxide to 
160®. It is a liquid having a sp. gr. of 107 at 10®. , 

With acrolein, C*II*0, acetic oxide forms two compounds analogous in composi- 
tion to those just described. The compound C*H*O.C*H*0* is obtained by heating of 
1 molecule of acrolein and 1 molecule of acetic oxide in the water-bath for siifhours, 


then washing the product with water and wiUi sodium carbonate, and rectifying. It is 
also formed by heeding one molecule of acrolein-chloride with 2 molecules of silver 
acetate to about 160° ; but tlie transformation is never complete. The compound 
obtained by the fiiit process is a liquid immiscible with water, And having a strong 
- unpleasant fishy oiour and voiy sharp taste; sp.gr. « 1 076 at 22®; boiling point, 
180®. It slowly reduces silver in ammoniacal solution, and is resolved by potassium 
hydn^ acrolein and potassium acetate. The compound C*H^0.2(5<H*0*' is 
ng metacrolein with acetic oxide to 160®; it is an oily liquid boiling at 

[ijoaldeh yde.— When bitter almond oil is heated for some time to 160® 
c oxide, and the product is afterwards washed with water and 
id separates, which does not solidify if left to itself, even after a 
vei;|^|HH|iH^ut on adding to it a particle of ben^lic diacetato, it solidifies imme- 
mass inelting at 44®— 46®. This substance has the compositioa 
'¥ C*H*0*, and appears to be identical with the bem^lio cuacetate 
C’H*(d*BPb*Wvjrhich Limpricht Kexibauer obtained by the aetioxi of beni^dic 
chloriddon sir^r acetate (Hiibnor, JpfocAr./ Chem. [2] iii. 277). 
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Aeata>«»«Blow 0*ldo, C*H*0* As»0* or >« produced by dissoWng 

anmiout oxuU in an equivalent quantity of ae«i^^xido at the filing hmt ; the re- 
sulting syr^ liquid wlidifies on cooling to a ritreous mass, which quickly absor^ 
*e air, is resolved by water into acoUc and arsenious acids, and 
decomposes at 820®, giving off a largo quantity of car^n dioxido and traces of 
arrenio^ oxi|(^. while acetic acid passes over and metallic arsenic remains in the 

”’*BoWc oxiiie dissolves slowly in acetic oxide, and the resulting ^treoim mass, ’^‘oh 
is decomposed by water like the preceding compound, gives off acetic acid when 
heated, a^ loaves a residue soluble ^iWSter, which contains all the bone oiido 

®”^hrn‘^; mixture of acetic oxidai»d ^iii^»s tarts^ add ’ (insoluble tartaric 
anhydride, C'H‘0», v. 601), is heifted to 100®, the latter gredually disrolves, and a 
thick yellowish syrup is obtained, which begins to 

carbon dioxide and ^rbon monoxide; the same syrupy n^uct is formed, together 
with lead-chloride, by the action of ai^l chlonde on lead tartrnto. 

Vawur of oxide (SO^ absorbed without blackening, bv properly 

eooleifmietic oxiito, forming a yellowish gummy mass soluble in water. The solution 
rutreluS w^S bio^-watorand filtered from barium sulphate yields crystals of 
barium sulpbacetato. 

Aceto-liypobromoiui Oxide or Anbydrlde. Acetate of Srcmtfk!, C H BrO 
^ C*H*0 ) Q _ CH'.CO^Br. — This compound, isomeric with bromacotic acid, CH*Br. 
CO’H, appears to be formed by the action of bromine on the following compound; the 
product detonates after a fe^ hours. 

Aceto-liypoclUoroii|tjl|^)ii1^ or iknl&ydHde. Acetate of Chlorine, C»H CIO 
^ C*H»0(q ^ CII*.C0*C1 (Schiitzenborger, rend. lii. 359).— Isomeric with 

monochhJiLcetic acid, CH*a.CO*IL Formed by passing gaseous hypochlorous oxide 
into ooqlod acetic oxide, which absorbs it completely : 

(C‘'H>0)*0 + CFO * 2(C*H‘0)C10. 

On heating the resulting yellow liquid to 30®, to expel the excess of hypochloroue 
oxide, the h^ochloracetic oxide remains as a very pale yellow Jjquid, having a 
irritating odo^ It is not very stable, detonates violently at 100®, and can only be 
preserv.! to the dark and at a low temperature. It is d^mposed by 
Letic and hypochlorous acids ; also by most elementary b^ios. Bromine and i^na 
eliminate th^lortoe, and appear to take its place, hut the resulting compounds 
cannot be isolated, the products often detonating spontaneously. 

AeetcoTUlc Onldo. AcetaU of Cyanogen, C*H*NO* - CII*.CO»CK, ireme^ 
with cyanotic and CHCN.CO^H, is formed by the action of acetic chlonde on silver 
cyanide, but it has not been isolated (ii. 297). 

AMto-liwvo-i«aons Oaidos or AoliraridM. jUOata 
borger, loc. eU. ; further, Compt. rend. liv. 1026 ; Ja^eeh. 1862, p. 
monoacetato, C»H*IO*, is formed by tjie action of lodme monocUondo on 
aceUte, but it cannot be separated frotn tire other pj^ucte of ^e reMUon.--fl. Wl^ 
iodine is gradually added to well-cooled chlonne acetato, 

chlorine, iud afteJ a short time colourless ^st^ fomed, ’h'ch li- 

enee of heat, water, or alcohol, react like the product o; bnt the mixture often 
detonates violently even on adding the portions of iodine. . .v , , , —ij. 

y. Iodine triacetate, r(C«l‘0*)*, is prep^ by 
into about 80 grams of acetic oxide containing m suspension 16 pa^of pure and 
iodine, the Uqnid being well cooled. After a short tune, yeUoi^ needl^^^*’— 
crysUls are formed, which afterwards disappear ; and when the Ire^ J 
perfectly xolcmrlees, it deposits colourless granule crystols of loOi^ 
must be drained on a porous tile, and, then freed from the last traces i 
by exposure to a current of dry air at 60®. , . ; 

Thwcompound, into which the iodine enters as a tnvalen^j 
granular crystals, which on exposure to ^ air 
changing to brown ; they are deliqueecent and 
alcohol ; qukkly idso when heated to 100® . HeaUa with aeetia i 
iodine, carbon dioxide, and methylie acetate ; 

2l''(C*H*0*)* - SCO* -b I* + 
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ACETOFORMOBENZOIO ETHER— ACETONE. 


ACSTOrO&BKOBSSrZOZC BTBBB. See Formobenzoic acid. 
JLCMTOaXiTCBmAZi. See Glycbrals. 

ACBTOWB. C*H®0.— This compound is found in crude aniline, prepared from 
nitrobenzene, by the action of acetic acid and iron filings (C. G. Williams, Qhem. 
yews, ii. 231); and in diabetic urine (Fetters, Kaulich a. Betz, Jahresh. 1861, p. 
800^. Anthon I860, p. 707) has observed its formation by spontaneous decom- 
position in a solution of grape-sugar. 

The constitution of acetone as mothyi-acetyl, CH* C*II*0, or dimethyl ketone, 
CH*COCH*, is clearly shown by its formation from zinc-methyl and acetyl chloride 
(Freund, Ann, Ck. Phar^n. cxviii. 1 ) : 

Zn(CH»)* + 2(CH».CO.Cl) - ZnCF + 2(CH».CO.CH»). 

It is also produced by the action of sodium methylate on chloracetene or monochlor- 
ethylideno (Friedel, Compt. rend. lx. 930): 

CH»NaO + CTI»C1 ~ NaCl + CH*.CO.CH». 

Thirdly, by the action of aqueous hypochlorous acid and mercuric oxide on monobro- 
minated or monochlorinatod propylene, this reaction giving rise to monochloracetone, 
which IS then converted into acetone by treatment with zinc and hydrochloric acid 
(Linnemann, Ptill, Soc. Chim. [2] vi. 216): 

2C3H*C1 + HgCFO^ = HgCF + 2C®H'‘C10. 

Fourthly, from the isomeric compound propylene oxide, by first treating that bOfly 
with sodium amalgam, whereby it is converted into isopropyl alcohol, and then dehy- 
drogenating the latter by treatment with sulphuric acid and potassium chromate 
(Linnemann, Ann. Ch. Pharm. cxl. 178) : 

C^H^O + IP = CTl^O 
Propylene Isopropyl 

, oxido. AlcohoL 

and 


C^IPO - = C*H®0 

Isopropyl Acetone, 

Alcohol. 

lieaction8.--l. Acetone treated with Bodium-amalgam and vbater takes ud 2 at 
hydrogen (which amounts to replacing the diatomic radical oxygon by the two 
monatomij radicals H and OH), and is converted into isopropyl alcoluil (v SSOI • 

CH* CH> 

CO + H» = ndoH 
CH* 

tlio action of cferfro/yCic on/gen, as when a mixture of acetone and dilute 
sulphuric acid is subjected to the action of a feeble electric current (of three Bunsen's 
Clemente), acetone is conyorted into a mixture of acetic and formic^acids, with evolu! 
tion of carbon ^oxido (iriedel Jahresh, 1869, p. 338).— 3, When 20 vote, acetone are 
caut^sl^ixe^th 30 vols./wmtw^ nitr\c acid, a considerable quantity of oxalic acid 
18 produced. Wken 30 vote, acetone are gradually mixed with 10 vote, fuming ntoc 
^ded before the reaction is completed, an oily body is preciwtated 
which, when treated with aimruynium sulphide, is converted into a dark 
{acetem^red) soluble in water and in acids^ (Mulder, J. pr^hlTxd 47?) ^ ^ 

4. The action of ammonia and carbon hmdphide on acetone gives rise to snlnhn. 
carbonate and sulphocarbamato of acetonino (p. 29). ^ ^ wilpho- 

6. When acetone ^turated with hydrochloric add gas is left to itself for fi to lA 
days, and then mixed with water, a heavy brownish oil separates, consis^gWi^v of 
compounds of hydrochloric acid with mesit.vl rviTTi^/ _ o 


j “i t ; : » lATOvjr uruwnisa oil separc 

compouncte of hydrochloric acid with mesityl oxide, CrH»®0( « 2C»B:«0 -'TT*n^ 
3C*H*0 - 2H’0) (Riyer, Ann. Ca 
p. 808). The mcsityl-compound, C*H’«0.2HC1 or hUt^ 

C«H‘“OCl« + 2KCN =. C*H>^(CN)» + 2KC1 
C*H»0(CN)* + KHO + H*0 - NH* + C*H'*KHO* 

We sublimable at about 300- (MaxweU 

6. With kgiriodic acid, acetone yields iodopropylene, C*H*I, or an isomeric 



BROMACBTOl^nES— CHLORACETONBS. 


2^ 

compoTmd ; with ph<^horou9 iodide^ a solid together with two liquid iodides ; with 
hydrobromic acid it yields merely isomeric modifications of acetone (Hamitz-Hamiteky, 
Zeitschr, CA, Pharm. 1863, p, 416). According to Bertholot (Pull. JSoc, Chim. [2] vii, 
60), acetone treated with hydriodic acid yields propane, C®H*, together with water 
and iodine : 

c»n«o + 4 HI = cnv + h*o +21*. 

7- When acetone is treated with iodine and -pkosphorus, and the product is dissolved 
in water and saturated with barium carbonate, a salt is obtained, having, according to 
K. Mulder (Jahresh. 1864, p. 329), the composition Ba^C*H*PO*)*. When decom- 
posed by sodium carbonate, it yields the corresponding soaium salt, NaC*H*PO*. 

8. With chloride of iodine^ acetone yields di^iodacetono, (p. 28). 

9. When bromine is gradually added to acetone, both liquids being cooled, the 
acetone takes up 2 at. bromine, forming the compound C*H*O.Br®, whi^ is a viscid 
liquid, heavier than water, and so unstable that it decomposes even at ordinary 
temperatures, giving off 1 or 2 molecules of hydrobromic acid, and yielding propionyl 
bromide, C®H*OBr, and its isomer, epibromhydrin, together with acrolein, 0*H*0, and 
its hydrobromido, C®H*O.HBr. By repeatedly distilling the acetone bromide over 
caustic potash, there is obtained a mixture of acetone and epibromhydrin ; and by 
distillation over lead oxide, a mixture of acetone and acrolein. With water and 
excess of silver oxide, acetone bromide yields (together with silver bromide) actylic 
acid, or the products of its decomposition, formic and acetic acids. By slowly admng 
silver oxide to acetone bromide covered with water, silver bromide and propionic acid 
are formed, together with a small quantity *of a body which dissolves in ether, 
crystallises therefrom in needles, and exliibits the characters of acroloin-hydrobromide 
(Linnemann, Ann. Ch. Pharm. cxxxv. 307). According to E. Mulder, on the other 
hand (J. pr. Chem. xci. 472), the direct action of bromine on acetone gives rise to 
substitution-products. 

Acetone forms crystalline but unstable compounds with the acid sulphites of 
monamines. Ethereal solutions of acetone and aniline bisulphite deposit concentric 
groups of shining needles of the compound C*H^N.H*S0®.C*H«0, which, however, 
remain undecomposed only so lon^ as they are immersed in ether saturated with sul- 
phurous acid. Acetone forms a similar compound with the acid sulphite of amylamim 
(Schiff, Zeitschr.f. Chem. [2] iv. 12). 

Bromaoetones. Monobromacctone, C*H*BrO, identical with that which 
Riche obtained by the action of a feeble electric current on a mixture of acetone and 
hydrobromic acid (i. 31), is pro<luced according to E. Mulder (loc. oit.) by treatings 
acetone with less than an equivalent quantity [2 at. ?] of bromine. 

On gradually adding 10 pts. bromine to 1 pt. of well-cooled acetone, a solid mass 
is obtained, which when washed with water, dissolved in alcohol, and reprocipitated 
by water, deposits first a mixture of tetra- and penta-brominated acetones, and 
afterwards prismatic and tabular crystals of hydrated tetrahromaoetone, 
C*H*Br*0.2H*0. This compound is insoluble in water, soluble in alcohol, melts at 
42® or 43®, gives off its water below 100®, and decomposes at a higher temperature. 

Pentahromacetontt C’HBriO, is obtained in colourless needles by admng 12 pts. 
bromine to 1 pt. acetone, dissolving the product in alcohol and adding water ; the 
crystals melt at 75® (Mulder). 

Cliloraeetones. These bodies are partly described in vol. i. Monoohloraoetone, 
C*H*C10, produced by the electrolysis of a mixture of acetone afid hydrochloric acid, 
is isomeric with epiciilorhydrin. It is a mobile colourless liquid having a sp. gt. of 
1162 at 16®, and boiling at 119®. [iliche found tte sp.gr. 1*14 at 14®, and the 
boiling point 117°J It dissolves easily in alcohol and in ether, and in about 10 times its 
own bulk of water. It does not unite with all^line bisulpMtes, is reconverted into 
a^tone by sine and hydrochloric acid, and when heated with moist i2Teir oxide 
yields ac^te and glycoUate of silver, tegether with other products oSmtemann, 
Ann. Gk PAcrjn. cxxxiv. 170). 

Pichloracetone, is produced by the action of phoa||p fem 

also by the action of chlorine on acetone containing a little iodS^CWio|blemH|^ 
/. CAem. [2] iv. 565). It boils at 120®, It is deoon^a| iby aled^lP 
Bol^on of poieugwm iodide^ with separation of potassium chiori4e ana Bse 
the resulting liquid smells of acrolein, and eontainiT a tarsr volatile bodp whli^ b* 
intact with aqueous ammonia, yields iodoform and aoetaznl^ I)icldara^Btcma 
for two da ys w ith phMphorna vcniaehhridet is converiM Into diehloranetima 
chloride, C•H*C1^ isomeric with dichoropropylene ehloridsy 
and isomeric or identical with allylene tetrachloride : 

c^^ci*o + pa» - vem + c»h<ci^ 
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wmfied by washing, drying, and distilletion, is a mlovrless, oily 
ywaii harmr* ^ onpienBaoCoiora, a sp. gr. of V47 at 13°, and telling at 163 , or 

“wlh 'Cholic potash or aminoaia, diehloracetone chloride, or allylene tetrachloride, 
i* decomposed in the same manner as dichloropropylcne dichloride, yielding isotn- 
chloro^opylene, C>H*C1», an aromatic liquid boiling at 116°. C«o««e acts upon 
this latter compound, at ordinary temperatures and in difiiised daylight, and on 
diehloracetone chlotSde when aided by water and sunshine, forming a solid sublimable 
body, C*II*C1*, which crystallieea from alcohol m flocks of prismatic crystals 

(Borsche a. Fittig, loo, oit.), . „ y i ii. a* j? 

Toirether with the diehloracetone dichlonde, there is formed by the action of 
phosphorus pentachloride on diehloracetone (from admixed trichloracotone) a small 
quantity of teicMoracetone chloride, C«H»Cl“ (or chlorallyleno tetrachloride)— isomenc 
wtb that just mentionod-^which boils at 194°, and is also decomposed by a^holio 
potash or ommonia, yielding tetrachloropropyleno, C*H*C1*, boiling at 166 (B<n»cho 

AM»Sing to E. Mulder (Zsitschr. f. Chem. [2] iv. 521), diehloracetone l^tcd 
yn\h potassitMn stUphydrateyx^diB sulphacetone, C*H*SO, as a li^fc’yfeUow liquid, 
the alcoholic solution of which yields, with neutral lead a< 5 tate, a r^ aB^fliho^ b^y , 
0*H*PbS0", which may be regarded as a compound of body, C*J1 O , 

isomeric with glucose. This body decolorises indigo^itt ttlcohohe solutio^ , On 
heating acetone with excess of cWorine^ then adding potash, and aftey waro s nydro* 
chloric acid, also in excess, the odour of caramel becomes perceptible. Wrth ^ash 
diehloracetone forms chiefly acetic and formic, no lactic acid. McmochU^iWOtone 
treated with potash assumes a fine red colour, due to the formation of an 040 call^i 
by Mulder acetone-carminic acid. Diehloracetone forms with potajisium cyanide 
a crystalline precipitate, 3C>H^CP0.CN.N1D, which gives with hydrochloric acid a 
compound, likewise crystalline, consisting of C^H'^Cl^O^^^sighated by Mulder as 
isodichloraCetono. Pentabronmeotone forms with potassjum "snlphydrato a yellow 
amorphous bodyi C*HBrS*0 (Mulder). 

Di-iodacetokb. C»H^P0 = CO.(CIDI)* (Maxwell Simpson, p. 79).— 

Produced by gently heating acetone with an aqueous solution of iodine monocnlorid© ; 

C*H«0 + 2CII ■■ 21IC1 -I- C^Ua^O. . 

As soon as the temperature of the mixture rises to 70°, a violent action takes place, 
and di-iodacotono separates as a dark-coloured oil, which must bo purifted by washing 
with water and dilute potash, and drying over oil of vitriol. When pure it is a heavy 
straw-yellow oil, soon turning red from sepanition of iodine ; it .^has a biting tasi o 
and smell, and attacks the skin. When heated with silver cyanide, it^d^es not yield 

di-cyanacetone, but, as principal product, acrolein. 

ACBTOWlMi. See Ketokbs. 

ACBTOirXO ACID. C^H"0* -= ^^^jcOH.COOII.^^iB add, discovered by 

(ibid. 


Stadeler (Ann. Ch, Pkarm, cxi. 320), and further examined hv Morkownik 
cxlvi. 839 ; Bull, Soc. CAm. [2] xi. 488), is produced — 1. BJ^the action 
of h^fdrocyanic and hydrocJilorio acids upon acetone ; 


aixture 


+ COH.cn. * 

1 GOH.cn + 2R^O - NH*C1 + 


2. From 

that acid, ani 
bar^. 

4UW, thus ^ 
with Franuand 



•jcacid, ^^jcH.COOH, by introducing an atom of bromiiie into 

ing the bromine by OH, by boiling the bromiimled acid with 
to whom this method is due, has shown that the o^-isobtdyric 
identical with Stadelor’a tacetonic acid ; it is UkgriBe identic^ 
ippa’s dimethoxalic acid (iv. 274). # I 

To prepare acetonic acid, a mixture of acetone, hydrocyanic, and hydrodiloric adMb 
is left to itself for three weeks, then boiled for three days in a flask surmounted by a 
condenser, and finally evo^rated till it no longer smells of acetone. To isolate the 
acetonic acid, the concentrated liquid is exhaust^ with ether, the ether is distilled off, 
and the renmining acid liquid is boiled with zinc carbonate, to convert it lAto Kinc 
aeetonate ; and this salt, decomposed by hydrogen sulphide, yields acetonic add; which 
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when left to erapotato in a irj atmosphere oystali^^ to a palp ^ maw: war 
needles, which may ho fmthear purified by sublimatioi^ It be^no to shbUiDiUM 74^ 
meJtsr at T9°, and 8olidid€»at Oxydaobutyric acid exhibits the s^me jpimpflurtiMr 

(Morkownikoff), Acetonie acid diatila with vapour of water; auiphuric acia dOM 
not attack it at ordinary temperatureB, but decompoees it when heated, with evolutiou of 
gaa, without, however, tuning it brown. It is decomposed by hot caustic potash, 
apparently with formation of acetone. Its ammofiium salt reduces silver nitrate after 
some time. The barium salt is crystallisable, soluble in water and alcohol, insoluble 
in ether. The zinc salt, Zn(C^H^0*)*.2H*0, is slightly soluble in water, and crystal- 
lises in small hexagonal plates resembling the lactate (StMeler)/ The zinc salt of 
oxyisobutyric acid exliibits exactly the same properties (MorkeilinQikoff). 

ACmovzva. — Stadeler obtained this biacid> base by the action of 

ammonia on acetone (i. 32). Several of its salts have lately been prepared by £. 
Mulder (»7. pr. Chem, ci. 401 ; Jahreeh. 1867, p. 396), and by Mulder and Wefers 
Bettink («f. pr, Chem, ciii, 178 ; Zeitschr.f. Cheni, [2] iv. 877). 

T:hc sulpkocarbamate, 2CH*NS* or 0'»H»*N*.2CH*NS=‘, is prodljicddii by 

the action of ammonium sulphocarbamato on acetone: 

• 2(NH^)CH‘^NS* + 3C*H*0 « C»H*»N*.2CH*NS* + 8H>0. 


It is solublojia water. The hydrochloride and other salts of acetonine may be pw- 
pared froxh^/j^ tho the corresponding acids. On ovaporatii^ ita solption 

or ii formed 

by the ad 2 o% axnmoluum 

' 80*H«0 Vj3lk«)*CS» - C*H*®N*.CS* +. 8H*0. 

This is the yellow body which B[^iwetz obtained by treating acetone with ammonia 
and carbililk bisulphide * (i. 19). It dissolves in acetone and in alcohol and exhibits in 
alcoholic solution the reactions of a sulphocarbonate. Heated with water or ammonia, 
it yields ammoniuna sulnlmgyiinate, together with products of the decomposition of 
acetone. 

AcetoniM HydrocA/orife, C*H>*N».2HC1, or Aoetonium Chlerids, C*H“N»C1», U 
obtained in ]U^e crystals bv precipitating the c^ueous the sulpho*' , 

carbamate with mercuric chloride, filtering, passing hydrogen <^-^wphide through' 
the filtrate, again filtering, evaporating, treating the residue with alcohol, and leaving 
the alcoholic elution in the exsiccator over calcium chloride. Its solution forms with . 
p^tinic chloride a ciystalli sable plaHnockloride easily soluble in water and in alooh^. 
The sulphate and phoepMte are less easily crystallisable than the chloride. The 
acetate has but little stability, and is decomposed on evaporating its aqueoiii|i|K)lutioi!ia' 
The oxalate^ 2aq., crystallises from water injsige prisms. 

When the S<|iiSiihs solution of an acetonine salt is shalcen up with potash and 
ether, the etii^ lesres on evaporation^ not pure acetonine, but a yellowish eai^y 
decomposllde liquid having an alkaline reaction. 

A€WroariT»ATa|k SeeAosTATBsCp. lO). ^ ^ 

AcnowXTmiX& ^%n. with Methyl Cyakidb. (See Othiihii, Alcoholic.) 

ACX». Syn, with AcBTixriSONm Aciu (iT, 696). 

AoritowirmoraTOncmzo aczis. Qyii..,wi|4k .Aiaa^ng^ 
Acin(iv.6«6); ^ 

MnoTOStfiafta. Syn. with ToLTL&cimLt>i (r. $71). 


AOm90TOMmm, Syn. with ToLTL&cijiibt>i (t. $71). 

ACBTOSLMWmo AC2B. Sjyn. with AcaffYLOLTOomc Acqi, 

BrHBa^>iL $l7;p . 

Aaw:tumk^ 4LOI9. 0»ja:»*0* (E. Hardy, SuU. 

-^luilure otiMone &nd chl(Hrolbriii%!eBted with sodium j fl e |i ||||| ra P id 

C»H»>CaO*. an amorp^ which % 

said bioxyacetulmic acio, 

2(rH»»ClOf ^ ama ^ 2K:a + C*HW* +JIOT>*CK two acids sepan^ 

StofighMs STO twlMr mirtasl actioiL siih)lKKartH8iiSe 

has aoliSiiMi upon acetone 5 tba aecand saS 
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a bolky precipitate on neutralising the liquid with sulphunc acid Acetuhnic acid s 
deicriM as i brown uncrystallisable, non-volat.le substra<» insoluble in ether. Its 
chlorinated, brominated. and nitrated dcrivatiTes, described by Hardy, are likewise 
amorphous and non-volatile so that their formul® cannot be regarded as determined 
with precision. 

ilOSTtmZO ACXX>. C‘H"NO* (Kraut and Hartmann, Ann. Ch. Pharm. 
cxxxtii. 99). — An acid produced by boiling acetic chloride with excess of the silver 
compound of glycocine : 

C=*H'AgNO" + Cm^OCl = AgCl + C^H^NO*. 


It forms small white crystals soluble in water, and not decomposed by boiling 
therewith. Its salts are soluble and cr^’stallisablo. 


ACSTT&. Wislicemis {ZeUschr.f. Chem. [2] iv. 681), by treating acetyl iodide 
with finely divided silver or copper, has obtiiined a colourless pungent liquid, which is 
probably free acetyl or diacetyl, (CT'^H^O)-^. 

JLC1ITY& AXvOOBOlb. C*H<0 « (C‘‘n*)HO ; better called Vinyl Alcohol 
(p.37). 

JA.CJBTY& BBOBCXBlIf CSOBXDB, &c. See Acetic Euomide, Chloride, &c. 

(pp. 20. 21). 

AOBTirti BlTltWWniBULTm and BVXtPBXBZS. Syn. with Tjiiacetic Acid 
and AnhyduiIib (v, 77 1| 772). 

ACBT'rB-AMrrXt. «» C*n^O.C'H*h See Ketones. 

ACSTVIi-XSOPBOPYX. See Proi yl-compounds. 

ACXSTYXtXaXTB or BTBXXSrXS. — This hydrocarbon is described in the 

Addenda to voI. i. p. 1111; but our knowledge of its properties has been largely 
increased by recent investigations. The name acetylene was given to it by Bertlielot 
because it is related to the radicle C'-’H®, formerly callotl acot^l, in the same 
raaniior as ethylene to ethyl. Ethine is the name assigned to it in the systematic 
noraonclaturo of hydrocarbons proposed by Hr. Hofmann {Proc, Boy. Soc. xv. 67), and 
indicates its relation to ethane or ethyl hydride and ethene or ethylene : 

C»H» cm* C*H» 

Bthane Ethene Btblno 

(saturated). (bivalent). (quadrivalent). 


The formation of acetylene by direct combination of carbon and 
hydrogen takes place only under the influence of the electric arc; the most intense 
heat, oven that produced by tlie sun’s rays concentrated by a powerful lens, is unable 
to effect it; noithor does the. oombi nation take place under the influence of the induc- 
tion spark. To obtain acotylono in quantity under the influence of the electric arc, 
it is necessary to employ a powerful battery ; with dO or 60 Bunsen’s elements 10 cub. 
cent, of acetylone maybe obtained in a miauteb. The acetylene as it is formed is 
carried forward with t^e stream of hydrogen, and may Be collected in an ammoniacal 
soUit ion of cuprous chloride, and separaUHl frf>m the red precipitate thereby produceil 
by the action of hydrochloric acid (p. 36). To obtain tlxe acetylene ^te pure, the 
cliurcoal foiTiiing the poles of the battery must be carefully mtrified from tarry matter, 
and traces of sulphur, iron, silicium, &c., ,by ignition m a current df -chlorine 
(Berthelot, Iv. 640). 

The following modes of production of acetylene have also been observed a. By the 
incomplete oombiuition of hydrocarbons, and indeed of organic compounds in general. 
It may be shown to exist in the middle of the flame of pure ethylene gas (or of coal 
gas, previously freed from ^etylene by passing through amraonmcal ctijffous chloride) 
by drawing off the gases from th^t port of the flame through a mbaceb^pipS stem con- 
nected witli am aspirator. It is also formed iii the imperfect coTohi^nn of j% vni^ tra 
* of 1 vol. ethylene gas aud 2 vols. chlorine (De Wilde, Pull. Soc. 172), 

Bertholot has devised an ingenious form of experiment by which thO pre^etion of 
acetylene in Uie imperfect combustion of carbon compounds may m strikingly 
deinonstnited. An ammoniacal solution of cuprous chloride is poured a tes^ 
tube inul siiread over the mner siurfikce ; a small quantity of ethur or other 
ble oi-gitiiic licpiid is thqp introdtib^ and set cm fire, and the held in an 
position, is turned round slowly ill the hand, so as to bring the Burping oth y 
as possible in contact with the cuproii^ Solution ; the of 

the so-called cuprous acetylide is &eo Immed^tely produced,, A inodrdcatloii of this 
experiment has boeu devised by M]|». M*£ieod, by whi^h 
acetylene may be readily obtained. The arangeubW.t 
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oxygen in an atmoaphm ^ marsh gas, and passing the piquets of combuatioii into 
anmioniacal caprone ohloi^ae, the gases being continuonsl/ sullied, iO that the pro- 
cess may go on without intermption. The marsh gas may furtnee be replaced by coal 
gas, and the oxygen by atmospheric air {Ckem. Soc. J. \2\ iv. 162). 

Acetylene is also produced in considerable quantity in the incomplete combustion 
of coal gas in a Bunseu^s lamp, when the Dame accidentally burns in the interior of 
the chimney. By placing over the chimney a funnel communicating with a series of 
buttles containing an ammoniacal silver solution, and finally with an aspirator, a 
considerable quantity of argentic acetylide may be collected. The formation of acetylene 
in this manner may bo quickly domonstratod as a lecture experiment by inverting a 
flask over a Bunsen’s lamp burning in the maimer above mentioned, and afterwards 
pouring in a solution of cuprous chloride : the sides of the flask become covered with 
a thick film of the red copper compound (Riosh, Zcitschr. f, Chem. [2] iii. 698)*^ 

The incomplete oxidation of organic compounds at low temperatures, as when it is 
effected in the voltaic circuit, also gives rise to tlie formation of ace^lone, for 
exiimple, in the electrolysis of a solution of potassium aconitflo or succinate 
(Bertholot, Btdl, Soc, Chim. [2] ix. 103). 

/8. In the incomplete combustion of mixtures of hydrogen and sguMOns or tuporous 
carl>on-com pounds not containing hydrogen, such aS cyanogen, ourbon ttionflxide, and 
carbon bisulphide. Such mixtures are not affected by heat, btit on passing electrio 
sparks through them acetylene is immediately form^ ^ In tbe ease of cyanogen art 
electrical apparatus of high tension must be used, as this gas offers reaistanco 

to the passage of the spark. With carbon bisulj^de there Is a deposition of sulphur, 
which element also unites with the platinum terminals. In operating with a mixture 
of hydrogen and carbon monoxide, it is necessary to intrc^uce a piece of caustie 
potash, slightly moistened on the surface, in ordeff to absorb the carbon dioxide formed 
at the same time, which interferes with the further production of the acetylene 
(Borthelot, BtUl, Soc. Chim. [2] v. 169);^ 

y. By exposing marsh gas to the action of a strong heat or to the spark of a 
mwerf^ induction coil : 2CH^ ^ + 3H* (l^rthelot, Compt. rend. liv. 616). 

The action of the spark, which is rapid at first, diminishes as the volume of free 
hydrogen increases ; but by absorbing the acetyteno as fast as it is formed, about f of 
the marsh may bo ultimately transformed ‘fttto acc^lene. Coal gas may bo usedt, 
in this reaction instead of pure marsh gM, and Borthelot recommends the process 
in this form as the readiest mode of preparing acetylene. A ^rtion of the acetylene 
is however jrolymerised during the process, being converts partly into ben£ene,.v 
C®H* =r 3C‘H^, pjirtly into black tarry hydrocarbons, which conaense on the sides 
the tube. A portion of the marsh gas undergoes a different decomposition, being 
completely resolved into carbon and hytogoh Bull. 8oo. ChUk, [11'] xi. 

442). ■ ^ ’ 

According to Do Wilde (Bull. 8oe. C4im. f2] 't. 267), the vMjonni of many other 
organic compounds, as ethylene, alcobpl, ether, odetone, amyl ateohol, and esj^ially 
benzene, likewise yield acetylene wdien induction through thei&. 

6. By passing the vaponr trf* mlthyl chlori^ heated to redness 

(Borthelot), or that of ethylene chloride th]:bugh''# bodily to bright redness, 

hydrf)gen aliQ marsh gps being produced at the same carbon deposited (Be 

Wilde, BuU. v. 267)* Amyl hydride petrbtdlun passed 

tlirough a red-^^ tube yields, to BL [2] m 802), 20 p*,e, 

acetylene. If this i^tement ^ ooirect, American petemmm nhoild be the most 
productive source of acetylene.^ 

ff. By passing a ihixtare of esj^n monoxide and hydrochloric acid ga« over red-hot 
ma^esium ailime (Berthelot). a. 
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8olufnlUy.—kti\\t temperature of 18°, water, carbon bydnde 

diasolTe alwut their own volume of acetylene ; turpentine oil and46ai^ii tetrachloride, 
2 volfl. ; amyl alcohbl and atyrol, 3^ vole. ; glacial acetic acid iind ^absolute alcohol, 
nearly 6 vole. (Berthelot, Ann. Ch. Vhys. |^4] ix. 425). 

Acetolene combines with the haemoglobin of blood. (See Blood.) 

Acetylene is decomposed by the induction-s^ark, with separation of 

chkitoat. . ' . , , 

2. AoiiOfk of Heat.-^y^h&n acetylene is heated to dull redness m a bent glass tube 

over merctiry, it is gradually but completely converted, with separation of 
M|all%iantitie8 of c^rhon and hydrogen and formation of small quantities of ethylene 
^hd ethyl hydride, into a series of hydrocarlions polymeric with itself, namely: o. a very 
tolatile liqu id hydrocarbon , probably consisti ng of <l i a c o t y 1 e n e, C^H'* ; benzene 
or tri acetylene, 0*IP, forming about half the entire product ; y. cinnamene, 
styrol, ortetracetylono, C“K*, boiling between 135° and 160°, and constituting 
about I of the whole ; 5. a liquid mixture (distilling^ between 210® and 250®) of 
naphthalene and another hydrocarbon, probably,pentac.etylq^e or naphthalene 
hydride, ; «. a mixture of strongly •fluorescentu o^ls di^iUjog ^it 250°-340® ; 

retene or enneacotyleno, distilling at and crystallising in shining 

needles. The mode of decomposition is greatjy influenced by the presence of foreign 
substances. If a piece of coke, ignited and cooled under mercury,%o introduced into 
the bent glass tube, the acetylene is resolved, under the same conditions as above, into 
carbon and hydrdgen, with saircely any aecoiidury products. In presence of iron the 
decomposition takes place more quickly and readily, the acetylene being then partly 
resolved into its elements, partly converted into other hydrocarbons, different from 
those above mentioned. When acetylene is slowly passed through a porcelain tube 
lioated to bright redness, it is almost wholly resolved into carbon and hydiH>gon, the only 
secondary products being small quantities of ethylene and tar containing naplithalono. 

3. Actum of Hydrogen,— does not actumn acetylei^e at ordinary tempera- 
tures ; but wlien the two gases are heated together, small quantities of ethylene, 
(C'^il< *= C^Il'-' + H^), and of benzene end other, pqlmers of acetylene, are<proauced. 
The decomposition of acetylene by heat is retarded by the presontSS of hydrogen and 
of otlier gases, e.g. nitrogen, carbon monoxide, marsh gas, ethyl hydride ; and hence 
it is that acetylene (uin be formed by the action of the electrio aw bn charcoal in an 
atmosphere of liydrogen, in spite of its tendency to split up infe its elements at high 
temporat\ivos. 

By the actioif of iia8<^nt hydrogen on alkaline, but not on acid liquids, acetylene is 
converted into ethylenet this i^esull may be obtained by the action of zinc and aqueous 
ammonia (which evolves hydrogen) on tfiC so-called cuprous acetylide (p. 85). ^ 

When acet^eno is mixed with ^cess of hydrogen in a jar Ending over mercqry, 
and a small quantity of platinum black enclos^ jn a spiral of platinum wire is 
introduced into the mixture, the gases combine in the proportion of 1 vol. acetylene to 2 
vols. hydrogen, producing the saturated hydrocarbon, ethane or ethyl-hydride: 

o-'H" + 2# - c^n-. . 

4. Action, 'of Hudrocarhons. — ^When acetylene is heated to dull redness with an 

equal volume of ethylene, two-thirds of the mixture disappear in the course of half an 
hour, and a number of products are formed, the chief of which is a very volatile 
liquid, easily absorbed by bromine and by concentrated sulphuric aCid, slightly 
soluble in ammoniactil cuprous chloride, and isomeric or identical witlf quart! no or 
crotony leue, C‘H® (ii. 965). The two gases here unite in equarV<»Iumes with a 
condensation to ono-half : C*II* (2 vols.) + (2 Vols.) CJfH* (2 yols.) 

(Berthelot, Compt. rend. Ixii. 947). Acetylene heated with excess of benzene is 
quickly absorbed, sciircely one-fifth of the originali^V^luiim bsin^ left, and on leaving 
^e bensene to evaporate, a ciystallised hy drodairDoik^ distinct &om all 
known hydrocarbons. Hophihuene likewise absorbs and more quiddy than 

benzene ; the gaseous lusidue in both these reactions conllijtts of hydrogen mixed with 
small quantities of ethylene and ethyl hydride (Berthelot). 

5. Action of oxidldng agents, <?/<?,— Acetylene, subjected at ordinary temperaturet 

to the action of potassium permanganaU, takes up oxygen, yielding oxalic acid 
C^H' O' = formic and CjpdK>uic acids being also produced by a secondary 

reaction (Berthelot, Compt. rend. Ixiv. 86). When passed through an ammoniaca 
solution of cupric oxide, acetylene is slowly absorbed, the greater part of it beinj 
oxidised, and at the same time there is deposited onjhe. sides of the verael a carbon 
aceous substance, mixed with a small quantity of CupSCbovinyl oxide (Berthelot 
Ann. Ch. Phys. [4] ix. 422). 

6. Action of Chlorine ajid Antimonie Chloride. — Acetylene, either pure or mire 
with other gases, sometimes detouatpp with chlorine, even in difnised daylighi 
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•whether the clil<?r5iie or the acetylene is in excess, the products of the reaction being 
hydi-oehloric acid hhd free carbon. Frequently, however, no explosion takes place, 
but the two unite directly, forming the liquid dichloride’’U*H*Cl* ; sometimes, 

again, the action Commences with the formation .of this o5m pound, and then the 
mixture suddenly explodes (IJerlhelot. Bull. Soc. Chim. [2] v. 191). Whiitt acety* 
leno is prepared from cuprosovinyl oxi<lo by the action of a large excess ol»fe»dro- 
chloric acid, tlio hydroemorido is constantly produced. (Borthelot,>*€!o*»j>#, 

rend. Iviii. 978). ^ 

The c li 1 ori d 08 of acetyl one are host propjirod by passirig the gas into anti- 
monic clilorlde, whU'h absorbs if, with t‘oTisidenible evolution of hejit, reqeliringHho 
action to l*o regulutotl by rnodi'iwto cooling. The nearly sat u rated liquid, on being 
lelt to cool, deposits largo crystalline lamiine of the compound ( V-IFSliCl*,* which may 
bo freed from excess of antimonic elilorido by draining and evaporation, and dried in 
a .stream of e.;irl)oiiic anhydride. This coniponiid is very un.stable, being instantly 
decomposed by water, and sickly resolved 1>y heat into antimonious chloride, Sbdl’*, 
and acetylene ^lehl-oride, C>*H*C1*. If, howtiver, it be dissolved in excess of 
antimonic chloride add* then hmted, a still more violent action bikes place, resulting 
in tile lonnation of acety Iflile tetrachloride: 

C^IimCF + SbCF - 2.SbCl* + C^IPCF. 

The d i c li 1 o r i d 0 is most easily prepared by beating tbo crude compound C^H^SbCF, 
containing a slight excess of antimonic chlorhlo. A mixture of dichloride and tetra- 
chloride of acetylene is then obtained, whieh may be separateilby fractional distillation. 
The dichh ride O'H't.'l- is a colourless mobile liquid, having a sweetish taste, and a 
powerful olour, like that'of eliloroform, which oxcites headache. " It boils at 66°. It 
is altered by n\oist air, and shtwiy discomposed by water at 180^ in sailed tubes, with 
formation of hydrochloric acid and condensed products. Whfen heated by itself to 
300° in a soaloil tube for 100 hours, it is completely resolved into black laminar 
charcoal and hydrocliloric acid. - 

The tetrachloride, C‘=II=^GIV^ prepare, as above mentioned, by distilling the 
compound with excess-'Of antimonic chloride, the operation being conduct'd 

cautiously txiwards the end, to guard, against explosion. It is a colourless liquid, 
resembling chlorofoBia in taste and smell; boils Jit 147*^ ; is slowly attacked by water 
with formation of hydrochlortc acid. In ah atmosphere of clilorino it is slowly con- 
verteil into C Cl*. When very cautiously treated With alcoholic potash it gives up 
1 molecule of hydnwhloric acid, and yields chlorinated acetyl^he dichloride, 
C'^llCl.CF, a colourless liquid filing at 8$** The tetrachlorjde flf also decomposed 
by moisture. Heated to 300° for hours in a sealed tube, also resolved 

into hydrochloric acid and chlorinated' acotvlona dichloride. By prolonged heating to 
360° for 1 00 hours, another molecule of hydr^hloric acid is separated; but the 
residue consists, not, as might be expocttxl, of carbon mouochlorido, C^C1^ but of its 
p)Iymeridc, Julin’s chloride of carlMiU or jurchlorohenzene^ C'Ol*, the formation of 
which from the C'-'Cl* produced in the first instance, is precisely analogous to that 
of bi;n?:<‘nc from acetylene (Berl helot a. Jungflcisch, Conipt.rend. Ixix. 64lli Z^&chr. 
/. Chem. [2] v. 680). ‘ * 

7. Actum of Bromine and Hydroljromic Acid. — a. Pure ncotyicne slowly passed into 
a layer of bromine kept c<jld under water takes up 2 at. bromine, forming the 
di bromide CHT'^Br*, isomeric with dibromothyleno. This compound, when purified, 
is a neutral, colourless, oily liquid, smelling like ethylene dibromido. It cannot bo 
distilleil, for when hefttoddt undergoes a polymeric transfuiinrition, forming a proilnct 
which cannot be volatilfiiftd Withqot decomposition ; ncvorthelcHs, the first drops which 
pass over at about <orresp^d nearj^ to the formula O^H'‘‘Br*. Be^elot has 
recently found thatfTha.Cok^inat$o2i 6f acoiylenc with bromino requires tbi presence 
of light; on a foggy dsiy'Jte observed that acctylono was iliot sensibly absorbed by 
bn>mine ; sometimes, eveil* in bright i^jGflised daylight^ a mixture of acetylene aud 
brtjmine vafMjur may remain for some minutes without eomblniiig, and Uiou the ro- 
actiim takes place suddenly. These facte are of importance with reference to the 
analysis of gaseous mixtures containing aci^tylone {Bull. Soc. Chim. [2] xi. 872). — ^ 
0. AVhen acetylene prepared from ether and not quite pure is passed in a rapid stream 
through liquid bnmiiue, aud the temperature allowed to rise, the tetrabromide 
is prcxluced. The latter compound w^as likewise oTitaini^d by R( boul (i. 1112). 
The two bromides whicl|^^ obtaiuetl in ISOS {Cofnjd. retid. xlvii, 360) by com- 
bining with bromine the gases resulting from the dcci>nipos*tion of alcohol vapour by 
the electric spark, probably also consisted of the dibromide and tetrabromide of acety- 
lene. —7. With concentrate hydrobromip acid at 100°, acetylene forms a very volatile 
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hydrobromide, probably C^H-.IIBr, which, like acetylene itself, is absorbed by 
amraoniacal cuprous chloride (Bertholot, Hull. Soc, Chini. [2] ii. 202). 

Bromacctylono, C-'llBr, and its dibromide, C^HBr^ or C'^HBr.Br*, already 
described in vol. i. p. 1112, are produced by the action of alcoholic potash on brom- 
ethylone dibromido, C-Il“Br.Br'^. Bromacctylcno is also formed, together with muconic 
acid, by boiling muvuhroinic acid (a product of the action of bromine on pyromucic 
acid, iv. 763) with excess of baryta-water : 

2CB[“Br*03 ^ „ C*HBr + C<IPO* + 2CO'^ + 3HBr. 

Mucobrfjinic Brom- Muconic 

acid. acetylene. acid. 

(Schmelz a. Beilst(!in, A»n. Ch. Pharm. Suppl. iii. 276). 

8. Action of Iodine and Hydriodic Acid. — Acetylene does not combine with iodine at 
ordinary tomporaturcH, even in sunlight. But when the two bodies are heated together 
to 100° in a closed flask for 15 to 20 hours, the di-iodide C-JPI^ is obtained as a 
crystalline substaru'e melting at 70° (Bertholot, Soc. Ckim,. [2] ii. 202). 

When a concontruteil solution of hydriodic acid is placed in contoct with acetylene at 
ordinary temperatures, a mixture of acetylene mono-hydriodido, and 

dihydriodide, C'*11-.(1II)^ is produced, from which the former maybe obtained 
pure by distillation with alcoholic potash. It is a colourless fragrant liquid, boiling 
at 62°, and isomeric witli mono-iodethyleno, CTPI. which boils at 56° (Semenoff, 
Compt. rend. Ixi. 616). 

The dihydr iodide, (T-IP.(1TI)2, isomeric with ethylene iodide, is obtained, 

according to Bertholot, by siinjtly leaving concentrated hydriodic acid in contact with 
acetylene; according to Semcnoti’, only by heating the strong acid to 100° in contact , 
with acetylene, and oven then not quite free from mr)no-iodi<lo. It is a liquid distilling 
without detvmiposition at 180° (Bertholot), and yielding acetylene when decomposed 
by alcoholic potash. 

According pj more recent experimonta by Bertholot (Bull. Soc. Chim. [2] vii. 63 ; 
Jahreah, 1867, p. 311), the dihydricxlide produced in the first instance is converted by 
further action of the hydriodic acid into ethane, C'-^Ii® : 

Cm^ + 2HI = Cm*P ; and CTPP + 2HI « C*H* + 2V. 

The compounds of acetylene with chlorine, bromine, and iodine above described show 
that acotylono is a tetratomlc or quadrivalent radicle, but that, like all such radicles 
(tin, titanium, silicium, <S;c.), it is likewise capable of acting as a bivalent radicle, or 
ruthor of forming compounds containing 2 at. Cl, Br, &c,, in which ita combining 
capacity is only half saturaled. 

A totra- iodide having the composition C^H*I*, is produced by passing acetylene 
into an ethereal solution of iodine, or, bettor, by agitating argento-vinyl oxide, 
(C‘''IIAg*)*(X suspended in water, with ethereal solution of iodine till the latter is no 
longer docoihrisod. On distilling off the otlior, the tetra-iodide is obtained as a yellow 
crystidliuo mass, having an extremely repulsive (xlour, volatilising even at ordinary 
temperatures, and molting at 7*1°, with decomposition and brown coloration. It dis- 
solves easily in alcohol, other, and carbon bisulphide, and when hoate<l with alcoholic 
pitiish, gives oif a large quantity of acetylene, and yields a small quantity of a very 
volatile oil, probably consisting of iodiicotylone, C*III (Max Berond, Ann. Ch. 
Bharin. cxxxi. 122). 

The iodide C*11*I* may bo regarded as a compound of acetylene with carbon 
di-io<lido - these radicles being lM)th bivalent, and satumting one another by 
their combination — or ns a coni}.M)niid of 2 at. iodine with the bivalent radicle 
dt-iwI(«iiacetyleno, that is as (C*11*I-)"I\ Both these views are represented by the 
constitutional formula 

I -I 

i-LLi 

H— c=(!;— H. 

The iodide is decomposed in ethereal solution by excess of bromine, yielding the 
comimund C'Br>P or (C'BPPyiBr: > J “6 

(C<H*I2)"P -h Br* = (C«Br»I=)''IBr + 2HBr + IBr. 

?'aao forms whit© crystals smelling like bromoform and melting at 

100 . At a higli tempemfure it decomposes with separation of iodine, and behaves to 
solvents in the same manner as the iodide C^H*I<. 

When a stream of mtrom acid vapour is slowly passed through a solution of the 
tetra-iodide in alc»>holic ether, the latter being continually renewed, iodine separates, 
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and tho liquid, which has apiiu hecomo clear, yicUls on evaporation a residue which 
crystiilliscs from alcohol or chlnrofonu in wliite silky noodles, corresjx)nding in com- 
position to tlic formula They are easily doo^)mposed, oven in a 

vacuum, giving off rod vapours and leaving tho coinp)urid C*11I* (Beroiid, Ann. Ch. 
Fharm. cxxxv. 2d7). 

9. Action of Nitrogen. — When a series of strong induction sparks is passed through 
a mixture of acetylene and nitrogen, tho two gases unite and form hydrocyanic 
acid: 

+ N2 « ^CIIN. 

Carbon and hydrogen are at tlu‘ same time sot free by a secondary action, but this 
may be prevented by diluting tlu* gaseous inixtiu'e with 10 times its volume of hydro- 
gen, The formation of liydrucyanie aeid goe.s on rapi<lly at li rut, but soon slaekons, 
and after the pas.sago of tho sparks lias Ix^en eontiiuuMl f»)r an hour and a half, only 
about one-fiftli of the volume of the mixed gasi-s is f«mud to be eonverted into hydm- 
eyanieaeid. In fact, a reverse action takes place at the sann* time, part of the hydro- 
evauie produced being again resolved intvo acet vleno and nitrogen, and after a certain 
time this n-vm-sc ju'tion goes on as ipiickly as the jtrodiietion of the aeid. Ihit by 
introducing a .small qnantity of strong ])ota.sh-solution, so as to absoi’b the hydro- 
cyanic acid as fast as it is formed, tho whole of tho acetylene and niLr»>gon, if mixed 
in equal volumes, will ultimately' be converted into liydrocyanic acid (Bortliolot, 
Compt. rend. Ixvii. 1111). 

10. Actum if With the alkali-metals aei't yleno fonus substitution-products. 

Sodi//w gently heated in the gas, melts and partly ab.sorlts it, leaving a volume of 
hydrogen (willi small quantities of ethylene and ethyl hydride) oijual to about half 
tJie volume of the gas, and is eonverted into sodium-acoty Icno, C’*UNa. Tho 
reaction tivkos. place according to tlie ecjuatifins 

2(yU^ + Na- - 2C-irNa + II* 
atr-'B-' + Na-^ = 2(TBlNa + C-H‘ 

6C-J1^ + Na^ = 4C»llNa + 

At a dull rod heat d i sod i um-acety le no, is formed, with separation of a 

Volume <jf hydrogen about equal to that <»f the original gas: C^H'^ + Na"'' = C‘‘*Na''* 
s- U*. Both these compmnds are doconipisod by water, with formation of acety- 
lene. 

Potassium likewise decomposes acetylene, and much more violently than sodium ; 
when melted in tho gas it takes fire and is converted into d i po tass i u m-ac o ty 1 o n e, 
the same comiM»und is also formed in small quantity when j^tassium is heated 
Vi dull redness in ethylene gas; C^Il* + K* = + 211^. Traces of it are found 

in commercial pUassiuni. 

Most other metals, except magnesixim and iron, appear to bo without action upin 
aeetyleno : iron decomposes it eoinpletely at a tlull red heat, but does not unite with it 
(Berthelot, Dull. Soc. Chim. 12 J v. 1«7). 

11. Adion of Salts. - a. Tlio red precipitate produced by acetylene in an ammonia- 

cal solution of cuprous chloride, and originally regarded as cuprosacetylene, Cl^HOu, 
has been shown by Bertho’ot U) conhiin oxygen. After washing with strong ammonia 
to remove chlorine, and then with water, it exmsist^ of cuprosovinyl oxide, 
(C*HCu-)=0, or vinyl oxide, having two-thirds of its hydrogen replaced by 

cupro.sum : 

H H H H H H 

L 
k 

Vinj 1 oxide. CuproBO-vlnyl oxide. 

Its formation is represented by tho cquiition 

+ 2Cu^CB + H^O + 4NH* = 4NH<C1 + (C*nCu»)*0. 

When boated with hydrochloric acid, it yields cuprous chloride and acetyleno : 
(C*HCu*)*0 + 4HC1 = 2Cu*Cl* + H'-'O + 2Cm^. 

On heating it with zinc and aqueous ammonia, the nascent hydrogen thereby evolved 
unites with the elements of the acetylene, producing ethylene : 

(C*HCu»)K> + 2H* - Cu« + H*0 + 2C*H* 


Lo-cLd 


Cu^ 

cJL>"= 


i_o— 


and 


C*H* + H* 1. C*H*. 

D 2 



3S acetylene. 

It is a very nnsUhle impound; easily oxidised; detonates when struck or when 
heated to between 95° and 120°, ju-odiiciiig water, copper, carbon, e,arbon dioxide, and 
traces of carbon monoxide. An amrnoniacal solution of cuprous chloride is capable ot 
detecting of a miiligr:imnie of acetylene mixed witli hydrogen. In presence of air 
the delicacy of the reaction is limited U) ^ rniiligrammo. It is iinportfint that 

the solution used be quite free -from cupric salts, as tlicse would oxidise tlie acetylene 
and interfere with the formation of tlio red compound (p. 32). . ^ ■ 

When a slow current of acotylone is passed into a coneeutrated solution ot potassio- 
cuproiL,c/i/orido,uye//o^rcv^^^^^^^ ^ W uAAA, rr/jorj misbcd with 

a strong solution of p tbi.ssium ddonde, and atterwards With water, Jeiives ciiproso- 
vinyl chloride, CdK '1, a compound of darker colour than tlie oxide ; it lorrns 
doulilo salts witJi t ile chlorides of tlie alk ili-metiils, aiul i.s converted by ammonia into 
the oxide. ( ' ii pr o.so v i ny I xy eli 1 o r i d e is formed by pa.s.sing acetylene into a 
solution of cuprous eh lorido in hy<lroc1iioriC acid slightly su persaturiiteil with ammonia: 
it coiistitute.H the chief ].>ortion of the erude i-ed pr(,vi|)it;ite commonly called euproiis 
aciitylene. ^Ihe hiojinicUi and oxybrom iilc of c ii ji r o s o v i n y 1 and tlie corn'.spond- 
ing iodi no and cyanogen com jm> amis arti formed by similar processes. A basic 
cuprosovinyl sulphite is lorme<l by p:i.s.sing act^tylene into an fimmoniacal 
solution of cu]>rous sulpli it e ; and l)l:u*k-brown c n ]> r os o v i n y 1 su 1 pli i il e is obbiined, 
mixed with copper sulphide, by the action of sulphurette<i liydrogeii on the oxide 
(Berthelot, IhdL Hoc. Chun. ['2J v. l‘.)l ; Jahresh. 18(5(1. p. blO). 

)8. Argentovinyl oxide, ((;*! I Ag-f-O, i.s formed, e.xactly like the corresponding 
(vqip(!r compound, by passing iK^'tyh'iic into an ammoiiiacal .solution ol silver nitrate. 
VViieii it is HUS])end('d in wa,ter and (reitcd with hj’omine, silver bromide is formed, 
and on distilling tlie lifiiiid, two products arc. obtained, viz. an oil, (bTlIii”*, and lieau- 
tiful while cry.stals, (V-ill5r'.ll Br, im-lling at about -12^, having an agreeable odour, 
solulile in alcohol, ether, beii/ene, eliloroform, and carbon lasu 1 phido, and yielding 
ftcctylcno when treated with rcducini.;; agents (Berend, Ann. Ch. Vlnu'tn. exxxv. 2o7). 

The two hromiiialed eompouiuls just meulioneil arc i.soitu'ric. witli tlioso which 
}lel)oul obtained ;)y the action of iilcoholic pota.sh on dlhroriiet hvlono dibromide 
(i. 1112), but it is romarkublo that they are inversely liipiid or crystallised ; thus : 

B('rend : (1-IIBr'' lujuid. C-11 Br*. 11 Br crystallised, 

Uchoul ; C'Jilir* crystallised. liquid.^ 


Argentovinyl chloriilo, C-IlAg*{.M, is formed on passing acetylene into an 
amimmiai-al .solution of silver chloride, as a wliile curdy preeijiibvle, which is clecom- 
piised by lioiliiig’hydrochloric acid, with evolution of acetylene ; mid hy nitric acl<l, with 
oxydation of ac<>tylene, separation of silv<-r cldori<Ie, and .solution of a (piantity of 
silver equivalent b) that of the .silver chloriilt! .separated. With a boiling solution of 
sal-ammoniac it is decoiii [)o.sihI in the manner shown by the equation : 


C'-'KAg^Cl + NH^Ci - cm- + 2AgCl + NIP, 

The nvlphafe, phosphiifc and Jicnzoaic of arycnfovinijl are obtained in a similar 
manner (Berthelot, loc. ciL). 

iVrgontic b r o m a c e t y liil o is fbj'med by the action of broniaeelyleno on 
ammoniacal silver nitrate. To prepare it, the viipour.s evolved by treating dibrom- 
etliyleno dibromide with l>t)iling alcoholic potash (i. 1112) are passed into cold 
alcoliol, which then ret liiis in .solution dibrome.thvleno, bromacetyleue,- and small 
quantities of acetylene; and on diluting this solution with water aud ammonia, and 
then dropping into it an ammoniacal .solution of silver nitrate, an explo-sive preci- 
pitate is tbrmed at first, aud afterwards a erystalline }>reeipltate. As soon as tlie latter 
appears, the solution is to l.»o liMered, and the precipitation ctimpleted. The crystal- 
line precipitate eonsisbs of argentic b rom ae ot y 1 i il o having the comjKisition 
(C'BrAg)*.AgBr. llT-O. It crystalli.ses in silver-white iieedle.s, and detonates with 
violence by friction, or by contact with strong acids, \Micn it is shaken up with ufl 
ethereal solution tif iixlino. the other takes up a bronio-iodatCMl compound, probalily 
identical with the bromiwlido of carbon, C'Br^I'', previously’ described (p. 3f) 
(Bcreiul, loc. cit.). 

y. Ill a solution of .'iodio-auroitJi hyposnJphitc. mixed with ammonia, acetylene 
produces at lirst a copious tlwculont precipitate, regarded by Berthelot as aiiroso- 
vinyl oxide, which, when drie<l. detonate.s violently hy pereu.ssion, aud explodes 
with flame ; but, the greater part of the aumus double salt romaius uudccomposed. 

5. Mercurovinvl oxide is produced when acetylene is left for some time in 
coutact with a solution t)f }>ota.ssio-mcrcurie iodide mixed with a little ammonia, and 
tll6 resulting scaly crystalline precipitate is washed with a strong solntion of pitassiura 
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Iodide to remoro animoniacal inercory-connx)UTidij ; it then romaiiis in the form of a 
wJiito highly explosive powder (Bertliolot). 

Wlien coal gas is passed llirough a solution of nuTourio iodide in jTotassium imlido 
and potiisli, a yellow jireeipitate is formed, whirl), after drying, detonates slightly 
when heated, yielding a sublimate of merrury and nierrurir irdide and a carbonaceous 
residue. Heated with dilute acids, it evolvt‘s a comlnist ible gas exhibiting tlio 
charjicters of aeetylene. lly passing the gases from a Jlnnscn’s burner through the 
Bolntioii ot mercuric iodide, a light yellow', somewhat more explosive jweeipit^Lto was 
formed, coiisititinir of C-lIllLd.lI^O CA^m. />. 2H). 

e. Tlw blue soiijfjon of in sal-amnioniar /ind ammonia ah.sorT>s 

acefyJcnc in J.'irge (/nantify, and is < I oral or! sod thereby; bn( after a while the liipiid 
again becomes coloured, with Ke}>a rat ion of ehnnnic oxide and (‘Volution of etlij’lene. 
Hertholot explains this result by snjiposing that clironiosovinyl oxide is at tlrst 
produced, and then reacts w ith water, so as tx) form chromic oxide and ethylene : 

200 + C*ir* + H‘0 = Or^O=» + OHb 


Acid solutions of ehronions oxide do not absorl) acetylene more abundant ly than water, 
and lh(‘ eorresponding salts of the oilier metals of the iron gronji do not aet upon 
aeetylene, even in ammoniaeal solution and in pix'sence of sal-ammoniac ; nevertheless, 
Herthelot regards the existence of analogous compounds a.s probable. 

11, Aotkni of Sulphuric .dc/V/, Aei lylene agitated briskly, and for a long time, 
with strong snlpburic acid, iiniles with it, forming vinyl-sulphuric acid, 
(St >••=)") 

= (CHP)HSO' or originally, Imt less apiiropriately, called 

acetyl"sn1phnrlc acid (i. lll'i). 

d'he acid liquid, distilled witli wati'r, yitdds vinyl alcohol (acctyl alcohol), 
(C‘'II-*)1R), Just us etliyl sulphuric acid yields ethyl alcohol ; 

(CdI^)If.S()‘ -f ir-'O = H-.S()‘ + (C-^H‘)HO. 


This alcohol Is monatomic and isomeric with aldeliydo and w ith othyleno oxide. Tho 
ditfercncc of constitution of these three ctmipounds may be n presented by the following 
fornuilre : 

CIH ^CIP CII* 

I o-c; I II 

. nco ' t;ie neon 

Aldehyde. Ettiyleno Vinyl 

oxide. alcohol. 


ACSTTZ-IVX&THVX.. Hyn. with Acktonk. 

J^CXZ>S, ORGAXVZC. The genoriil relations .and constitution of organic nclda 
are liest understood by regarding them as derived IVom hydrocjirbons cotitaining ovorl 
numbers of liydrogen atojus, tlirougli tlio medium of alcohols. Consider for oxainplo 
tlio sat nrat(‘d liyilrocarl>on etliaiK' (U’ ethyl hyilride, In this mohxado eacli of 

the liydrogen atoms is directly assfK-iated with an atom of carbon, as sliown by tho 
formula ; 

H 


ir— i:— II 


ii 


or 


CTI* 


/CII« 
H 
' 11 

In. 


Now suppose one of these hydrogen atoms to he displaced hy an atom of oxygen. 
This atom, being diatomic, will unite itself by one of its units of equivalence or affinity 
to the carlion ; and by its oilier unit of affinity will retain the hydrogen which it ha!s 
displaced, so that tliis liydrogen will still remain in tho molecule united to the 
carbon, no longer directly, but through tho medium of the oxygen, the ftnal result 
lieing the same as if the hydrogen were replaced by an atom of oxyhydryl or hydroxyl, 
OH. The new molecule thus formed is ethyl-alcohol ; 


CH» 

tH*OH 


CH* 

H 

H 

OH. 


or C 
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The hydrogen atom thus united to the carbon tl^ongh the medium of oxygen ii 
replacJable by alcohol-radicles, acid-radicles and alkali-metals, the products of such 
replacement being ethers : thus from ethyl-alcohol may be formed 


CH» 


IH’OC'H* 

Ethyllo 

etbylate. 


CH« 

L 


Methylic 

ethylate. 


CH* 

I 

6h*0C“H>0 

Ethyllo 

acetate. 


CH« 




JH^ONa 

Sodic 

ethylate. 


yow it is found that the number of times id winch this replacement can 
in other words, the iiumbor of ethers that an alcohol can form by substitution of W 
giren acid- or alcoh( 3 l-radiclo for its hydrogen, is equal to the number of atottiS M ' 
hydroxyl contained in its molecule. Thus, ethyl-alcohol, which amtains but one • 
atom of hydroxyl, can form but one set of others, viz. neutral ethers like thoie above 
formulated; but an aladiol containing two or more atoms of hydroxyl can form 
unsaturated as well as saturated ethers, thus : 


CTPOH 


k 


IPOII 

Ethylcno 

alcohol. 


ClPONa 

iiicoii 

Sodic 

cthy lunate. 


OIPO(C^H*) ClPONa 


CIPOH 

Ethyllc 

cthylenato. 


CIPONa 

Disodic 

ethylcnatc. 


CH20(0*H*) 

Dlethylio 

ethylenate. 


CIPOII 

iiioii 

ilt’OIt 

Glycerin. 


ciP0(c^n"0) 




JIIOII 

ilPOII 

Monoacetin. 


CU20(CTI’0) 

[■: 


JPO(C2IPO) 

Dlivcctin. 


CIPO(C*IPO) 

(!;no(C'H’0) 

CIP0(C*H’0) 

TriaxTctin. 


The number of hydrogen atoms Llius replaceable by alcoholic or acid radicles, or by 
alkali-metals, determines what is called the atomicity of the alcohol. An alcohol 
containing ii atoms of hydro.ryl is said to he n-atomic. 

In an alcohol, however, the hydrogen is never replaced by metals by way of double 
decomposition with metallic hyclrates or oxi<les, in the same manner as in an acid ; in 
other words, alcohol/i do not form true metallic salts. The only metals that can 
replace the hydrogen in them are the alkali-mcUds, which decompose them as they 
decompose water, by direct displacement. 

To convert the alcohol into an aci<l, a mohiculo of hydrogen in immediate connec- 
tion with at least one atom of hydroxyl, OH, must bo replaced by an atom of oxygen ; 
in other w'ords, one at least of the groups C’H'-’OH in the alcohol must be converted 
into COOH or COHI, called carboxyl or oxatyl ; the hydrogen of the hydroxyl then 
becomes reolaceablo by metals, so as to form salts by double decomposition, in the same 

CH*# 

way as in mineral acids ; in other ’words, it becomes basic; thus ethyl alcohol, | 

CH*OH, 

CU» 

is in this manner converted into acetic acid, I oV CH*.CO*H. 

COOH ' 

Now it is clear that a monatomic alcohol (Min yield but one acid, and tl^t this acid 
must he monobasic, like acetic acid. But a diatomic alcohol may be Converted by 
oxidation either into a monobasic acid, by substitution of 0 for H-*, or into a bibasic 
acid by substitution of 0- for H* ; thus : 

CH’^OII CH^OH COOH 


etPOH 

Ethylene 

alcohol. 


iooii 

Glycollic arid 
(monobasic). 


COOH 
oxalic acid 

(bibaaio). 


The hydrogen of the hydroxyl in the groups CH*0H, in Which the substitution of O 
for has not taken place, still rotjuiis its alcoholic character, that is to say, its 
roplaceability by acid or alcoholic radicles to form ethers. Hence it follows that the 
atomicity of an organic acid is the same as that of the alcohol from which it is derived, 
but its basicity may be either equal to or less than the atomicity. In other words, am 
n-atomic alcohol may yivld a series qf acids all qf n-atomicity, but qf basicity equal to or 
less than n. 

The law that the basicity of an organic acid is equal to the number of atoms ef 
narboxyl, CO*H, that it contains —in other words, that an organic acid oontainiog m 
atoms of carboxyl is n-basic — is a result of observation, aud we are not at present able 
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to giro a satisfactory account of it on theoretical principles ; but it is probable that 
the entrance of the electro-Degatiye ox^en into the group COOH renders it more 
disposed than before tx> take up an electro-positive element such as a metal. For 
a complete understanding of the matter we must perhaps wait for an exact determi- 
nation of the quantities of heat evolved in the several changes. At all events, the law 
above mentioned, that an organic acid containing n-ntoms of cjirboiyl is n-basic, holds 
gppd in ail casM. It is true there is one apparent exception to it, viz. carbonic acid, 
wmdi is bibasic, and vet contains but one atom of carboxyl, being represented by the 
ihnooZa 

- fOH 

OH.com or cJo 

f ' (OH 

but from the last formula it is clear that the middle atom of oxygon may be con- 
sidered as attached to either of the groups OH just as well as to (he other, and there- 
fore that the exception to the rule is only apparent. 

On these principles organic acids may be classified as follows (see table, p, 53, vol. i.). 


r. Monatomic Acids, 


Vattj or Adipic Series, C"H**0* « — The modes of formation 

an<l transformation of these acids are for the most part described in vol. i. pp. 60, 51. 
Wo have here to add the mode of formation discovered by Harnitz-Harnitzky 
{Ann. Ch. Pharm. cxxxv. 121), which consists in forming the corresponding chlorides 
by the action of carbonyl chloride (phosgene) on hydrocarbons of the marsh-gas series 
(paraffins), e.g., 


CII* + OOCP 

Methane PhoE^cne 


IICl + C^IPOCl 

Acctyl-chlorldo 


C«H'® + COCl* «. HCl + CWOCl 

Quartano Phosgene Valery Uchlorldo, 

and converting these chlorides into acids by the action of water. 

The following methods afford the means of building up the fatty acids and the 
corresponding alcohols, starting from methyl alcohol t — 

Sodium methido treated with carbon dioxide yields sodium acetate (Wanklyn) ; 


CH»Na + CO* CH».CO*Na; 


eodium acetate eutjecied to dry distillation with sodium formate yields acetic 
aldeiiyde : 

CH*,COONa + H,COONa « CO(ONa)» + CH».COH 

Sodium aoetste Sodium BMinm Aldehyde ; 

fofmate carbonate 


and acetic aldehyde heated with water and sodium-amalgam takes up hydrogen and is 
converted into ethyl-alcohol i C*1I^0 + H* » C*H®0. From ethyl-alcohol, sodium 
ethyl, C*H*Ka, may be obtained (iv. 223) ; this may be converted into sodium propio- 
nate, from which by distillation with sodium formate, propionic aldehyde, C*H*.COH, 
should be obtained, and thence propylic alcohol, &c. &e. The passing from an alcohol 
to the next higher fatty acid, may also be effected by the action 

of alkalis or acids on the cyanides of the alcohol radicles (i. 50), the other stages of 
tlie process being the same as above described. It must be observed, however, that 
the formaiicm of an aldehyde by distilling the salt of the corresponding fait^ acid 
with a formate cannot be expect^ to be realised very high up in the series, Lieben 
a. Rossi have, however, made propionic, butyric, and valeric aldehydes by this process. 

The fatty acids are distinguished by a remarkable degree of stability. Even some 
of the highest members of the series, viz. palmitic, stearic, and cerotic acid, may be 
distilled without alteration, and all of them, except formic acid, offer considerable 
HBBistance to the action of oxidisii^ agent#. According to Cha|^n a. Thorp {Chem* 
Soe. J. p] iv. 477), acetic, propionic, valeric, and caproie acids are not attacked' 
at 100° by a mixture of foUusium dickromate and mtlpkime aoid eontaining 8, 5, oi^ 
8 p. c. of the dichromate, and in such proportions as to produce chroinic sidphata 
and add potassium sulphate, eves when the action is continued for 24 luNua in seaM 
tubes. At 180°, however, they undergo a certain amount of oxidation, whicli ta 
accelerated by the preaenct of a large excess of strong sulphuric a^. Of ^ 
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chromic acid, or of manganfise (lioxi«le, hut does not take place at all when phosphoric 
acid is used instead of sulphuric acid, Dilute solutions of pomutugatiic <tci^ act like 
tlie chromic acid mixture, proilucing no oxidation of acetic or propionic acid, even at 
•the boiling heat, and acting hut slowly on formic acid in presende of sulphuric acid 
at ordinary temperatures ; concentrated solutions, however, decompose these acids 
with facility. 

According to O. Voiel {Ann. Ch. Pharm. cxlviii. 160), the fatty acids are converted 
hy oxidation with manganese dioxide and dilute sulphuric acid into one or more 
compound others, which contain alcohol-radicles lower in the carbon series than the 
acid itself, and yield the original acid hy saponifio^ation ; thus butyric acid yields a 
number of butyric ethers containing alcoh^^d-radicles with less than 4 at. carbon, the 
principal product being propyl butyrate, Valeric acid treated in like 

manner yields methyl valer.ite, 

Dor the methods of converting the fatty acids into alcohols, see Alcoho'LS. 

Inomerism among the Fatty first three acids of the series do 

not admit of isomeric modific4itions. In fact, on looking at the constitutional formula 
of propionic acid, vis., 

O H H 


CIPCII® 

O" 

OH 


C— (L-d^-H 
* I J I 

H— O H H, 


it is clear that so long as the typo of an organic acid is preserved, that is, of an 
alcohol-radicle combined with carboxyl, no otlier arrangement of the carbon-atoms is 
possible ; still less cun this bo the c,;iso with acetic or formic acid. But in the higher 
acids of the series isomeric modific;itions may exist. Thus the formula of butyric 
acid, or C*HbCQ*H, may take either of the two forms 


fciHcn^tciin 

c]o" 

(OH 

Normal butyric acid 


fcii(cn3)« 

eJo" 

(oh 

Isobiityric acid, 


the first containing normal propyl, the second isopropropyl (v, 887). 

Those two acids are producc<l by the oxidation of normal biitylic alcohol or propyl 
curbinol, and isobutylic alcohol or isojiropyl carbinol (the biitylic alcohol of fermen- 
tation), resjiectivoly ; also by the action of alcoholic potash on normal propyl cyanide 
and isopropyl cyanide rospcctivcly. Normal butyric acid is further produced by the 
fermontatVm of sugar in contact with putrid cheese (i. 691). The two acids exhibit con- 
siderable differences of physical and chemical character. In general the derivatives 
of normal butyric acid have higher specific gravities and boiling pointe than the corre- 
sponding derivatives of isobiityric acid. The latter is also more easily oxidised than 
normal butyric acid. (Sec JIutyiuc Acids.) 

Of valeric ncid, C*H'®0^ four isomeric forms arc possible, viz., 


CIPCH^Cir^CIH 

1 

COOTl 

rroi'yl-ncutlo 

acid. 


CH2CH(CII»)* 

COOT! 

Trt<>proT)yt 
acetic ncid. 


I ic*H» 

coon 

Methyl-ethyl 
acetic acid. 


C(CH»)» 


CDOH 
Trimethyl 
acetic acid. 


The first and second of these motiifications are produced by oxidation of the 
ot.vri'SpDii.ling iiniylic. nlrt.liols ; the third is not known, the fourth has quite recently 

f- Chem. [2] Ti. 243) from tertiary butyl 
alcohol, C (CIO)' .OH. The optically active and inactive varieties of amyl alcohol, 
yield by oxidation two varieties of valeric ncid, exhibiting corresponding differences 
ot optical character, and differing also slightly in boiling point ; but these acids, like 
the alcohols from which tliey are derived, are probably only physically isomeric not 
metameTic. (See Amyl Alcohoi.s.) * 

The higher terms of the fatty acid series are of course susceptible of a still greater 
number of metemcric modifications ; but the only one in which such modifications 
have hitherto been observed is cuprylic acid, {q. v.). 


Series* — This series comprises two isomeric groups of acids ; 

tlm one consisting of acids occurring in the vegetable or animal organism, or obtained 
from natural products by special processes, mostly by saponification of natural fats. 
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Al 


e-R. oleic acid from olein ; tho other of acids formed h}' a general synthetical process. 
The acids of the first group are called normal acrylic acids; Uioso of the second, 
iso-acrylic acids. 

a formal Aay/w Aciefs. —Tlio following are the known acids of this group : — 


Acrylic acid 


. ('»HM)= 

Physet oleic acidl 


{/rt>tonic acid 


. C'JPO*' 

Hypogjeic acid }• . 


Angelic acid 


. O' IP (P 

Gaidic acid ) 


Pyrotercbic acid . 


. H"*02 

Oleic aci<l > 

. C'^IP'O^ 

? Ihimaluric acid 


. CMl'W 

Elaidic acid J 


?Damolicacid 


. C'»IP*0» 

Doeglic acid . 

. . C'"H”0* 

Moringic acid 1 


. C‘Hr-«o» 

Ilraasic acid ) 


Gimicic acid j 



Erucic acid J 



Most of tlicse acids arc oily liquids. When fused with pofasahim hydrate they 
yield the potassium-salt of acetic acid and of aether acid of tho fatty series with 
eiinuiuition of hydrigeii, tlnis : 

C=‘II'0-* + 2KOH = C‘*II*KO* + ClIKO® + IP 

Acrylic Acetate. Fornmte. 

acid. 

cn«02 + 2KOII = c2]i»K02 + c»n^KO« + m 

An {relic Accttiito. I’ropionato. 

acid. 

mPKr- + 2K0H = C*1I^K(P + 0'«H»'K0» + IP. 

Oicic oc-icl. At etate, Palmitate. 

Generally : 

+ 2K0ir - CGPKO* + C''-nP- ‘K02 + II*. 


They arc also converted into fatty acids hy the action of nascent liydrogon ; e.g., 

+ IP « C'TT^O* 

Crotonic JUityrlc 

acid. »u'id. 


/3. ho-nrn/lic Acids . — Those acids, iliscovcrcd hy Fnvnkland and Dnppa {Chm, 
J. [2J ili. 133), are produced by abstraction of the clement-s of water from certain 


coon 

add ethers derived from oxalic acid, j or 

COOII 


OH 

O 

() 

OH 




substitution of two atoms 


of an alcohol-radicle of tho scries C"IP"'^' for one atom of oxygen (iv. 272), viz., 


/OH 

/Olt 

/OH 

/OH 

PI 

cd(wi!)! 

«J(CIP)(CTP) 


10" 

10" 

lO" 


lOH 

lOH 

1 OH 

lOH 

OxaUc acid. 

Dlmetli oxalic 

Ethomcthoxalio 

Dietlioxallc 


acid. 

at'id. 

acid. 


Now, when the ethylic ethers of these acids are treated with phosphorous chloride they 
give, up tho elements of a molecule of water, (IPO), at tlic expense of one of the atoms 
of liydroxyl, OH, and of an atom of hydrogen abstracted from one of the momul 
alcohol-radicles, wliieh is thereby converted into a dyad nidicle (an olefine, (3"II“") 
capable of saturating the unit of equivalence of the carbon-atom left free by abstrac- 
tion of the hydroxyl. Tho product is the ethylic ether of an isoacrylic acid ; thus : 


(Oil 

C, (Cl^ ^ 

EthyUo 

dimethoxalate. 


n*o 




/CIP 
1 CIP * 

loC'HP 

Ethylic 

methacrylate. 


The ethylic ether thus formed is converted into mcthacrylic acid by saponification 
with potash in the usual way. In this manner the following isoaciylic acids hare 
been obtained > 

fCH* ^ 

isomeric with Crotonic add. 

OH 


Methacrylic acid, 
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Methylcrotonic acid, C* 


rcH* 

L, isomeric with Angelic acid. 


O 

OH 


Ethylcrotonic acid, 


C^H* 

^ isomeric with Pyroterebic acid. 
OH 


The actual formation of the ethers of these acids by the action of phosphorous 
chloride on the oxalic ethers above mentioned takes place as shown by the equation 

/CH* 

+ 6HC1 + PW. 


3C« 


/OH 
(CI^» 
O 

\ocnv 

Ethylic 

dlmethoXalato. 


+ 2PCP 


O 

i OC2H» 

EthylLc 

methacrylutc. 


The transformation may also be effected by phosphoric anhydride, in which case 
the reaction is like the following ; 


3C* 


(Oil 

o 

OCHI' 
Ethylic 
(11elhoxalato< 


+ - 


fcnp 

3C^]W 

loC'U* 

Ethylic 

ethylcrotonate. 


+ 2II»PO* 


Mctaphos- 
phoric acid. 


The isoacrylic acids fused with potassium hydrate arc converted, like the normal 
acids, into two acids of the acetic scries. The dyad riidiclc of the isoacrjdic acids is 
replaced by two atoms of hydrogen derived from two molecules of potassium hydrate, 
(2KOII), and enters into combination with two atoms of oxygen ; and at the same 
time the two atoms of potassium displace the basic hydrogen-atoms of the two fatty 
acids thus produced, converting them into potassium salts and expelling the hydrogen 
as gus ; thus : 


CH® 
(Cl^)' 

o 

OH 

Methftcryllo 


c® 


— ^ + 2KOH - C* 


acid. 


cn» 
m 
o 

OK 

Propionate. 


+ c o 

(ok 


+ m 


Formate. 




CH» 

(CTP)' ^ 2KOH = C« 

on 

Propionate. 


Metbylcrotonio 

acid. 

C«H» 


S? fH» 

" +C»Jo + H» 
^ (OK 

OK ' 


Acetate. 


C® 


+ 2KOH = C* 


10 

^ OH 

Ethylcrotonic 

acid. 


f®’ 

Butyrate. Acetate. 




The normal acrylic acids are decomposed by potash in a similar manner 
gelding two acids of the series ; but one of these is always acetic acid ; henc 4 

it is inferred that they have a constitution represented by the formula CH((>H*'*)'' 
CO*H, and that their decomposition by alkalis takes place in the manner represente< 
by the equation 


C» 


(C-H»»)^ 

(CH* 

+ 2H^0 « C]0 + C 

'OH 

lOH 


Kormal acryUe 
acid. 


Acetic 

acid. 


O + 


Homologne 
of acetic acid. 
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The formulae cf the individual acids are as follows : — 




H 



™ C*. 

C*1 

C*H^ C* 

. . . . c«- 


0 

0 1 

O 1 

o 1 

I® 

(oh 

ioH ' 

(oh 

ion ' 

iOH 


Acr>Uc. Grotoulo. Angelic. Pyroterebio. Olelo, 


It is easily seen from these formulae that erotonic acid, when decomposed by 
an alkali, must yield two molecules of acetic acid, and that the other acids above 
represented must yield acetic acid, together with formic, propionic, butyric, avd 
palmetic acids respectively. ^ 

3. JLolds of Uie Series — Of this scries only throe acids are known, 

viz. sorbic and parasorbic acids, CIPO* (v. 362), and cam phi c acid, 

(i. 726). 

4. Of the series C"H^”-*0* only one acid has yet been obtained, viz. hydrohencoio 

or benzol cic acid, C*lPO(OH), formed, together with other products, 

by the action of water and sodium-amalgjim on benzoic acid : C’H“0* + 2II* 

€’ll'®0* (Hermann, Ann. Ch, Pkarm. cxxxii. 76). 

5. iLromatlo Series* C"ll^"*~*0*. — These acids arc related to the aromatic hydro- 

carl>ous in the same manner ns the fatty acids to the paraffins. Benzoic acid, 

('’^1**02, the lowest member of the scries, may bo derived from benzene, C"!!'*, by tho 
suli.Htitution of carboxyl, (CO'HI), for an jitf)m of hydiv)gen, its rational formula being 
('*‘1P.C0*II. All the higher acids of the series exhibit isomeric modifications. Thus 
from toluene, C’H®, which has the composition of mcthylic benzene or phenyl-methyl, 
C'lP.CH® (v, 862), are derived normal toluic acid, C*‘H^(CH*).C0®1I, the true 
h(imt)loguo of benzoic acid, and alpha-toluic acid, C'lP.CU^COHl, derived from 
toluene by substitution of carboxyl for an atom of hydrogen in tho methyl atom. 
Tile known .acids of the group are J 

Benzoic CHPO* = C®IP.CO®It 

Toluic « C®IP(Cll»).COm . . a-Tnluic C«IP.CJPCO*IT 

Xylic C®H'®0* = C®lP(ClP)^('OHl . . o-Xylic C-H‘(CTI®).CIPCO®II 

Cumic C‘®H'*0* « C®H\C®IP).COni ? . a-Cymic C®H2(CIP)».CU2C0H1 ? 

Tho 9-carbon acid admits of another modification, viz. C*1I*(C®H®).C0*H, derived 
from ethyl-benzene, C®H*(C*II*), isomeric with xylene, but it lias not yet boon 
obtained. The higher acids of tho series are susceptible of a still larger number of 
molifications. 

The aromatic acids may bo forme<i synthetically from carbon dioxide by a process 
analogous to that already described in tho case of tho fatty acids (i. 61, 3°) ; e.g. benzoic 
acid by passing the gas into monobromoLenzone containing sotlium (Kckul6) : 

CO* + C«H*Br + Na* « NaBr -r CHPNaO*. 

See Toluio Acid (v, 861). For other modes of formation of these acids, seo 
Aromatic Sbries. 

Acid* of tlic Aerie* C®n*“""'®0*.-— The aci<ls of this series are related to the 
aromatic acids in tho same manner as those of the nciylic scries to the fatty acids. 
Only two of them are however at present known, viz. cinnamic acid and atropic acid, 
both containing C®H®0*. 

Cinnamic acid, described in vol. i. p, 983, ns a product of the oxidation of 
cinnamic aldehyde, and by heating benzoic aldehyde witn acetic chloride, is likewise 
formed synthetically, by tho action of chorethylidene (produced by the action of 
carbonyl chloride on acetic aldehyde) on potassium benzoate ; 

C*H^O + COCl* - HCl + CO* + C*H*C1 

Aldehyde. Carbonyl Chlorethylidene. 

chorlde. 

C*H»C1 + C^H»KO» - Ka + C*H*0* 

Cblorethyl- Potassluu Olnnamlo 

Ideiie. benzoate. acid. 

Atropic acid is a orystalliDe acid obtained, together with tcopine (r, hr 
the action of alkalis on atropine : s /» / 

C*"H*»NO* « Cai*0» 4- 0*H»»NO 
Atropine. A g^ ie Tro|)ii»tt 
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These acids are derived from diatomic alcohols l>y siiLst.itution either of 0 for IP, 
in which case they'cohUiin 3 at. of oxygen, and are monobasic, or by sub»tit\ition of 
0* for H*, in which case they contain 4 at. of oxygen, and are bibasic. 

The To\at\oTV \)ctwecn the saturated Iiydrociirboiis, the glycols, and the diatomic 
acids is shown in tiie following table : 

Diatomic Acids. 


Oqpn-t-j 

C”TF“ 

C-lpn .2 
0>}pn~4 


C.Jpn-,202 

C«lPO-^ 

&e. 




Dibasic, 

CnH^n.'JOt 


(Jn|Ji!n -flQS 

&c. 


Diatomic and Monobasic Acids. 

1. Xaotlc Series* C''IP'’0*. — The acids of this series may bo divided into two 
groups, distinguished as normal lactic acids and isolactic acids. The known 
members of the series are: 

Olyeollic or Oxyacetic aci<l, O-IPO’. 

liaebic or Oxyprojiionic acid, 

Oxylnityric acid,. (J'll'O*, and its isomerido, Dimcthoxalic acid. 

Oxy valeric Jicid, C’H. ‘*0’, and its isonuTiile, Kthoinethoxalic acid. 

I.(cucic or Oxyeaproic acid, and its isomeride, Diethoxalic acid. 

Acids homologous with dinicllit)xalic acid, and containing 7, 9, and 12 at. of carbon, 
have also been obtained. 

rile norma! lactic acids correspond to the diatomic alcohols homologous with 
ethoiuc alcohol (glycol) ; tliiis : 


CIPOIt 

Diiitomlo 

ucoliol. 


f!OOII 
Nornml acid of 
lactic w'rica. 


COOH 
Oxy butyric 
acid. 


If in the second fyrniul.v wo niiiko n succcsaivoly equal to 1, 2, 3, &o., wo cot tho 
Bories ; > o 

Oil enroll CUI'OII C’lI'OH 

COOIl COOH COOH d'OOH ’ 

Carbonic (Jlycollic Lactic Oxy butyric 

iv'in. acid. acid. acid. 

Carbonic acid is, however, a bibasic acid, for reasons already explained. The 
general imxlcs of lormation of the normal lactic acids are given in vol. i. p. 62. 

rn, T 1 • 1 

Ihe isolactic acids are represented by the general formula, | 

rpi 1 i. ■ t ' 1 n bJOOII 

Tliev are form of etliors by the action of the zinc-compound of an 

alc.ohol-i'adiclo, (/’ll''' *, on a neutral ether of oxalic acid containing a’radicle of the 
Same senes, such as dietliylic oxalate, Tlio reaction consists in the replacement of 
an atom ot oxygen in tlic oxalic ether by two equivalents of alcohol-radicle, and the 
simultaneons roplacenient of art equivalent of ethyl, methyl, &c., in the oxalic ether 
by any wpn valent* ot zinc, whondiy an ether of zinc-dicthyloxalic acid, &c., is produced, 
obvious transiormations maybe converted into the required acid; 

COOC-^U" C(C=^IP)*OZn' 

■+ 2Zn'C2lP = Zn'(C^*)0 + I 

cooo-n> ^ + ['oooH> 

Ethylic zinco- 

etlude. etbjlato. diethoxalate. 


COOC-^U" 



1 

OOOO-H’ 

■+ 2Zn'C2lP 

= Zn'(C2H*)0 

Diuiotbylio 

oxalate. 

C(C-lH)'!OZn‘ 

Zinc 

ethide. 

Zinc 

ethylate. 


+ HOH 

- Zn'HO 

Ethylii'-ztuco- 

diethoxiUato. 

Water. 

Zinc 

hydrate. 


' To simplify the equations, tho of 


C(OHn»OH 
Zn'HO + i 

COOC*H® 

^Zlnc EthyUo 

hydrate. diethoxalate. 

alnc (Zn' js 32-6) is used instead of Uie atom 
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The ethylic diethoxalate is easily decomposed by boryta-wator, yielding ethyl 
alcohol and barium diethoxalate : 


C(C*II^)20H 

I + Ba'HO 

coocni* 

Ethylic 

diethoxalate. 


C»H»(OH) 


c(c*H‘)*on 

I’OOIV 

TJarintn 

diethuxulato* 


And this salt decomposed bv sulphuric acid yields diothoxiilic aicid, ] ] , 

(cooir 

jsomvric with Icucic iicid. 

In tho first stage of the process it is found best to ii.se a nii.viiire of ethyl iodide 
with metaiiic zinc, which prtHluces zinc-eliiide, instead of tlio Jatfer compound 
prev'iousJv preparfsi. TJio other isoJactie etJiers are ju'epared in a similar manner. 

'J’ho isolactic acids are <lescril>ed under Oxalic Ethkus (iv. 27f>). 

The acids of either group arc reduced by hydriodic acid to the eorrc.sponding acide 
of the acetic scries ; c.g., 


C^ll‘0" + 2HI = + U“0 + I*. 

LiiPlic Propionic 

ucid. acid. 


Tlic ethereal salts of the isolnetic aeids are convert('d liy pliospliorns tricldorido or 
pentoxitle into ethers of the iso-aeVylic acids (p. 11); the elhereal salts of the normal 
lactic acids do u(jt exhibit this reaction. 

'file normal lactic acids, when heated, give up a moloculo of water, and are con- 
verte<l into oxygon-ethers or anhydrides ; o.g., C^H'-O* (lactic acid) — ll'^O = C“il^O“ 
(lactide). T\vo nmleeiiles of a normal lactic acid may also ho tleprivod of a molecule 
of water, thereby producing a condensed aei<l, analogouH to the polyothylonic alcohols; 
c.g.. 2C^1I"0’ (lactic acid) — II-O -- (dilaclic acid). 

J>oth the iiornial and the isolactie acids undergo a cliaracteristic and perfectly 
dt flnile oxidation hy weak solutions of chromic acid, yielding carbon dioxide, water, 
and an aldehyde or a ket<jno ; thus: 

C((T^ll‘;K)H.r()()lI + O = CO* + 11*0 + CO(C'IP)* 

Dietlioxftlio JU'id. Prujilono, 


C(cii^)iioij.cooii + 0 = CO* -t- n*o -p co(cjp)H 

Lactic acid. Alddiyde. 

2. Pyruvic S©rio». C4r-"~*0*. — This is a snmll group of acids including pyruvic 
acid, C‘*II'0^ ; convolvulinoleic aihl, C'*ll*'0'*?; jahipinoleic acid, C*®JI^"0*?; 
ricinoleic acid, C'*'11^'0®. Tbeso acids are dewrihod in the Dictionary in their al[>ha- 
betical places. There are no general inodes of fonnatiou or decomposition to bo noticed 
respecting them. 

3. Series C"IT**'"^0’. — Tho only known acid of this series is guiacic acid, 
OIDO’, a crystal! isablo Bubslance obtained from guaiacum (ii. 948). 

4. Setles C"]r-“~"0*. — This series includes the following acids, relatod to tho 
monatomic anjmutic acids in the Siime manner us the lactic acids to the fattyacids: — 

Oxy benzoic, Paraoxj benzoic, and Sjilicylic acids . . , . 

Foniiubeiizoic, Cresotic, Carbocresylic, and Anisic acids . . . Cli"0* 

Pliloretic and Isophloretic, ilydn^ooumaric or Melilotic, and Hydro- 

pariicoumario acids ......... C^ID^O*. 

Tbyinotic and Thymylcarbonic acids . . , , . , 

Oxybenzoic, para-oxy bonzo ic and salicylic acids hare the oonstitutiott 
reprisonted by tho formula C*H‘(OH),CO*lI, tho differences of chemical character 
whii h they exhibit depending most probably upon tlio different relative positioiis 
of the grrmps OU and CO*H which they ountam. (fcieo Aromatic Series.) They 
are all resolved by heat, but with various degrees of facility, into carbon dioxide ana 
phenol, s.d icy lie acid undergoing this decomposition easily, and poraoxybemsoic acid 
still mure easily, whereas oxybenzoic acid sublimes undecomposed when slowly heated, 
and splits up in the manner just mentioned only when quickly heated (iv, 295). 
Oxybenzoic acid is produced by the action of nitrous acid on amirlubenzoic acid ; 

C*H\NH*).CO*H + NO(OH) = C?*H\OH).CO*H + H*0 +K*; 
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p..™o.^ben«.ic acid, by heating aniaic (methyl-paraoxybenaoic acid) with hydriodic 

= C’ff(CH>)0' + HI = CH»I + C'H*0*; 

and salicylic acid, by passing carbon dioxide into phenol containing small quantities of 

C*H‘ONo + CO’ - C’H»0»Na 

Sodium 

phenate* Balicylate. 

rarbocresvlic and Cresotic acids, C»H»0*, are produced simultaneouslv ^ 
fhft n/*fion of enrhon dioxide and scjdium on cresol, just aa anhcyhc acjd is produced 
"tSl acids n.ay be regarded as bydroxyWerrratires o/ normal 

toluic acid : 

Toluic acid. 

Carbocrcsylic and Cresotic acids. 


C‘HVCIP).COOH . 
C*H“(OH) (CH*).COOH 


w — , ^ / ^ 

With roffard t<j facility of resolution into carbon dioxide and cresol, carbocresyhc acid 
appears to be related to cresotic acid, in Uie same manner as salicylic to oxybenzoic 

^Fo^r mo benzoic or Mandel ic acid (iii. 800) is relate^ to a-toluic acid in the 
same manner as the two preceding acids to normal toluic acid : 

acid. 

C“H*.CH(OK)COOn acid. 

It is produced by the action of hydrochloric acid on crude bitter almond oil (con- 
taining hydrocyanic a<*id). - . . u • 

Anisic acid is shown to have the composition of me|:hyl-paraoxybenzoic 
acid by the fact that it may bo produced by treating the potassium salt of para- 
oxybonzoic acid with methyl-iodide: 

C’lI'K^O* + 2CH»I = 2KX + C^HXCH>)0*.CH* 

Potaaslnm Methyllc methyl- 

paraoxybenzoato. paraoxybenzoate. 

C’HVCIP)0‘.C1I* + Tl’O - C1I*(0H) + C'IIHCII»)0». 

Methyllc methyl- ^ Methyl-paraoxy. 

paraoxybeuzoate. benzoic or anlHic ocia. 


Methyl-salicylic and phcnyl-glycolHc acid, C*H*(C®II»)0*, are likewise 
isomeric with the acids of this group. 

Ethyl-paraoxybeuzoic acid, C’IP(CTP)0^ may be prepared in like manner 
by the action of ethyl-i<xlide on paraoxybonzoic acid. This acid is identical with 
hydroparacoumaric acid, and isomeric with hj'drocoumaric, phloretic, and isophloretic 
acids. 

Another acid, isomeric with the preceding, is produced by the action of alkalis on the 
cyanhydrin of anisic alcchol : 

C«H-(OII)CN + 2WO =- Nn» + C'»H*(OH).CO^H 

Anisic Acid, 

cyanhydrin, 

Th^myl-carbonic and Thymotic acids, C"H*'0’, homologems with ^rbo- 
cresybe and cresotic acids respectively, are produced by the action of carbon dioxide 
and sodium on thymel (v. 79-1). 

5. Series **0*. — To this series belongs coumaric acid, C3®II*0*, pro- 

duced by the action of boiling potash on coumarin. Homologues of this acid, called 
buii/ric coumaric acid, and valeric coumaric acid, C**H‘*0*, have lately been 

obtained by a synthetical process (Perkin, Chejn. Soo. J, [2] Ti. 476). (See Coumabio 

ACID and COUMARIK.) 

6. There are no known acids belonging to the series OH*^**0* and 

t. Of the series C"II**“**0* the only known member is benzilic acid, 
produced by the action of alcoholic poUish on benzoin (i. 546). It maybe regarded as 
a derivative of diphenyl ; tlius : 

(OH 
\ CO*H 
lCH« 

PIphenyU Benzillc acid 



47 


DIATOMIC AND bII&SIO. 


Diatomic and Bihatic Acids, 

These acids contain the group carboxyl twice, and therefore 4 atoms of oxygen. 
They may all be included in the genenU formula R''(CO*Il)*, where R denotes a 
diatomic hydnjcarbon-nidicle ; or they may be regarded as compounds of oxygenated 
diatomic r^icles with two equivalents of hydroxyl ; e.g. succinic jvcid, (C*H*0*)''(0H)*. 

The known acids of this group belong to the series C*H*"~*0*, 
and C*H*"“**0*, The acids of the first series, and probably also those of the third 
and fourth, are. saturated compounds; but those of the second are unsaturated, being 
eapHhle of taking up two atoms of hfdrcgon, bromine, and other monad eiemente* 
whereby they are converted into acids of the first series. 

1. — Oxalic or Sncolnle Series, OII*■**0^ 

The known acids of this series are : 

Oxalic acid . . . C^IT^O* Pimclic acid , , • 

Malonic acid . . . C*JI*0* Suberic acid . . • C*H**0* 

Succinic jvcid . . . Anclioic acid . , , C»H**0* 

l\rot;irtaric acid . . Sebic acid .... 

Adipic acid . . . C-ir“0* Roccellic acid . . . 

Tliey are prmlucoii : o. By oxidation of the corresponding glycols, R"(CH*OIl)*, the 
change consisting in the substitution of O'* for 11^ (p. 44). In this manner oxalic 
acid, is formed from ethylene alcohol, and malonic acid, C*H^O^ 

from prtipyleno alcohol, C*H'‘0® ; but the higher glycols split up under the influence 
of oxidising agents, and do not yield bibasic acids containing the same number of 
earlnni-atoms fis themselves. 

By boiling the cyanides of diutomic nlcohol-radiclos with alcoholic potash; e.g., 
(C"IP)"(CN)* + 2KOU + 211*0 « 2N1P + (C'lPyXCO^K)* 

Propylene PotaMium 

cyanide. pyrotartrate. 

This reaction is analogous to that by which the fatty acids are formed from the 
cyanides of the monatomic alcohol-radicles, 

y. By the addition of hydrogen to other acids containing a smaller proportion of 
that elomoiit ; in this manner succinic acid, is formed from fumuric acid, 

5. By the action of heat on acids of more complicated structure ; e.g., 

2C«II‘0« = 3C0* + 2H*0 + C»n»Ob 
Tartaric Pyrotnrtarlc 

nc'M, 

5. Many of these acids are produced by the action of powerful oxidisers on a variety 
of organic l>odie8 : thus, succinic acid, C^U'O*, and its homologues, are produced by 
treating various fatty and resinous bodies with nitric acid. 

2. l*umario Series. C*II*“ '*0*. — This series includes the two following groups 
of isomeric acids : 

Fumaric and Maleic acids C*H*0* 

Itaconic, Citracouic, and Mesaoonic acids .... 

They are for the most part unsaturated compounds, capable of taking up two atoms 
of hy<lrogen, bromine, or other monad elements, or a molecule of a hydracid, such as 
II Cl or HBr, and passing into acids of the preceding series. Thus itaconic acid, 
treated with sodium amalagam is converted into pyrotartaric acid, C‘H*0^ ; 
fumaric acid, treated with bromine yields dibromo-succinic acid, C^H^Br*0*; 

and ciLraconic acid treated with hydrochloric acid is converted into citiumonochlOTO* 
P)T(4artaric acid, C^II^CIO'. 

The fixation of a molecule of hydrogen converts the several isomeric non-saturated 
acids into one and the same saturated acid : thus the three pyrocitric acids, C*H*0*, 
a^ all converted m this way into pyrotartaric acid. But the fixation of bromine 
gives rise to brominated acids which are not identical, but isomeric, like the unsaturat^ 
acids from which they are formed ; on replacing the bromine with hydre^n, however, 
these several brominated acids yield the same saturated acid. 

Kekul4, who discovered th^ fisets, explains them as follows (Ann, Ch, Bkarm, 
Buppl. ii. Ill ; fttrthor, BuUstin ds VAcadimks roydU ds Bdgi^ [21 sdr. 96 i 
LaheraUny, p. 870). 
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Maleic and funiaric acids mav be regarded as derived trom the saturated coin^und 
succinic acid, by the loss of 2 atoms of hydrogen ; bub in the case of maleic acid it may 
bo supposed tijit the two hydrogen atonm tliiw removed belonged to the same atom of 
carbou ; in that of fumaric acid, to different atoms of carbon ; thus : 


CO'-'H 

CO*H 

co^n 

1 


L. 

1 

CH . 

1 


ClI* 

1 

1 

CH . 

1 

io’ii 

Succinic. 

CO-'Il 

Maleic. 

com 

Fumario. 

The dots in these formulre represent the g:ips left by the removal of the hydrogen 
atoms, or, in other words, the unsaUirated atomieitics or equivalencies of the carbon- 
atiims. 

Now it is clear that the addition of 11^ to citiu'r of these unsaturated molecules must 
yield the same product, viz. succinic acid, but that the adclitiori of 2 atoms of bromine 
to the first or to the second will yield different products, viz. : 

CO’H 

1 


CO 11 

1 

Clh^ 

1 


1 

CllBr 

f 

(JIP 


1 

ClI P>r 


CO-ir (b)-IT 

Maloo-tlibvomosncciiiic. Fumaro-dibrouiosuceinic. 


Fumaric acid is, however, a much more stable compound tlian maleic acid, and less 
inclined to take up hydrogen or bromim^ than maleic acitl : hence it is probable that 
the two middle atoms of carbon in the former arc united more intimately than in the 
latter, and that it is really a saturated coiupound represented liy the formula : 

coon 

i-H 

I 

coon 

Fumaric oeid. 


A body so constituted will not take up a molecule of bromine till th<i connection 
between the carbon-atoms lias been somewhat loosened by the action of tnat element; 
whereas maleic acid, which is an unsaturated compound, can take up the bromine 
immediately, to form dibromosucciuic acid. 

The isomeric acids, C^lI^Ob may in like manner be represented by 'the following 
formulue : 


coon 

1 

COOH 

1 

COOH 

1 

COOH ' 

cm 

1 

C • ' 

t 

(!;h 

11 

CH 

1 

I 

CH • 

I 

i • • 

1 


CH» 

cIh . 

1 

1 

j 

cm 

CH* 

1 

COOH 

1 

COOII 

COOH 

COOH 

Itacouio. 

Citi'xiconic, 

Mesaconic. 

Unknown 

isomeridc. 


The first throe of these acids, when treated wdth bromine, take up two atoms of that 
element, and form dibromopyrotartaric acid, C^U’^Br O- ; but mesaconic acid takes 
up bromine and hydrogen much loss readily tlubR itacouic or citraconic acid, being in 
fact related to these acids in the same way as fumaric to maleic acid. 
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The three modifications of dibromopyrotartaric aoid are represented by the formulae ; 


COOH 

1 

COOH 

1 

COOH 

I 

CH» 

CBr* 

CHBr 

1 

1 

1 

CHBr 

t 

CH* 

CH* 

. CE* 

1 

(!;ooh 

1 

CXIOH 

COOH 

Itadibronio- 

dtnulibroino- 

Mesadibromo^ 

pyrotartarlc. 

pyrotorUuric. 

pyrotartarlc. 


Itadibromopyrotartaric acid treated with alkalis gives rise tonconioacid, C*H 0*, 
the two atoms of bromine uniting with two atoms of hydrogen, and two molecules of 
•hydrobromic acid being eliminated, while the three carbon-atoms forming the centre of 
the molecule unite together in a more intimate manner ; thus : 


coon 

inn 

CBrBr 

inn 


COOH 

Lh 

« 

0 


CH 

l:ooH 

Aconic acid. 


COOH 

1 


H 

1 

CBrBr] 


CBr 

1 


11 

CIIU J 
1 


CH 

1 

CHII 

1 


(Till 

1 

COOH 


(’’OOH 

Citradlbromo- 

Monobromo> 

pjTo tartaric. 

•urotonic. 


coon 

1 1 wi i broinopyro- 
tartaric acid. 

The two other modifications of dil)romr>pyTotart4iric acid when similarly treated 
both yield monohromocrotonic acid, (’♦ll^BrO*. Those reactions are explained by 
the following formulae, in w'hich the elements removed in the form of hydrobromic 
acid are indicyited liy lirackets : 

COOH 
ilBrlll 
illBrJ 

I 

CHH 

(!;oon 

Mcsadlbromo> 
pyrotartarlc, • 

Another reaction, easily explained by those formulae, is the conversion of itaconic 
and citrficonic acids into mesaconic acid by the action of hydrobromic acid. The 
gajw in the molecule arc first filled up, and then hydrobromic acid is eliminated ; but 
to produce this acid the bromine takes up an atom of hydrogen different from that 
with wdiich it entered. This reaction is represented by the following formal®, in 
which the tdements of the hydrf>broniic acid which go out are indicattkl by a brace, 
those of the hydrobromic acid which enters, by asterisks ; these latter correspond to the 
gaps in the generating acids : 

COOH COOH 

I 

(!:hh 

l:ooH ic 

Cltrainonolnwmp< 
pyrotartorlo. 

This transfonimtion of itaconic ai^ citracouicaddB into meaaconie acid ahowa fiirtliit 
tbatmeaaconic acid must be represented by the third and not by the fourth of the fbrnraha 
abo^ ^ren (p. 48). An acid imving the oonatitution represented by this last fomol* 
®*^^*®deed be formed firom citraconic, bnt not &om itaconic add. 


COOH 

inn . ^ 

in^Br*} 

ioOH 

lUunonobromo> 

pyrotartarlc. 


<1h 

L 


COOH 

ICaMconio. 
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Itamonochloropyrotartaric acid, boiled with water gives up hjdrodiloric 

ttu acid called paraconic acid, having the same composition as 
jtacoa/c scJdf hut monobasic (Bw&xis, BuU, Acad. Belff. [2} xxiv. 25). (See Pvro- 
ciTJttic Acids, under Citric Acid.) 

Camphoric acid, is likewise a bibasic acid included in the general 

formula It appears to be a saturated compound, inasmuch as its ethylic 

ether shows no tendency to take up chlorine or other monatomic elements. ‘ 

3. Series A conic acid, C*H*0*, produced by treating itadibromo- 

pyrotartaric acid with excess of caustic alkali, is comprised in this formula, but it 
appears to be monobasic. 

4. Series C"1P'*''®0*. — The only bibasic acid represented by this formula is 
quinoylic or quinonic acid, 0*11*0*, which moreover is known only in its 
dichlorinated derivative, C®H*C1*0‘ (v. 34). 

6. Series ’®0*. — This series includes the isomeric acids, phthalic, iso-* 

phthalie, and torephthalic, eH^O* or C*H*.(CO*H)*, the isomerism of which 
appears to depend uj)on the relative positions of the two atoms of carbozyl CO^II 
(See Abomatic Sbkies.) 


Teiatomic Acids. 


These acids are derived from triatomic alcohols, by substitution of 1, 2 or 3 at, 
oxygen for 1, 2 or 3 molecules of hydrogen, and are accordingly either monobasic acids 
conUmmg 4 at. oxygen, bibasic acids containing 5 at. oxygon, or tribasic acids 
containing 6 at. oxygen. 

Triatomic Monobasic There are only three acids that can with 

certainty bo referred to this group, viz., 

Glyoxylic acid. ...... C^II'O*. 

Glyceric acid | 

Oxysalicylic acid C^H*0*.* 

(CWn^HO)*'' i*egardcd as a derivative of the unknown ethenyl alcohol. 

OH OH 


CHOH 

(^H^OH 

Etheuyl 

alcohol. 


CHOH 

(ioOH 

Glyoxylic 

acid. 


Its com^sition m indicated by its formation from oxalic acid by the action of 

“Si' 

C«n*AgBrO» + n*0 « AgBr + C*H*0*. 

Tor the further discussion of its formula see Glyoxylic Acid, 
or glycorirfcwx'X^^^ manner from propenyl alcohol 

CH^OH Cn*OH ' 

CHOH ilHOH 


COOH 
Glyceric acid. 


CH^OH 

« . Glycerin. vriywriQ acia. 



, »uu pareuic acid, t U*0«, produced by the action of alkalis on the 
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eolonriDg principlea of certain lichens (ii. 611; iv. 235, 355); and piporic acid, 
produced by boiling piporin© with potash. 

Triaiomic and Bihasic Acids . — The only known acids of .this group are 
tartronicacidf malic acid, C*H^O% itamalic acid, and perhaps 

also erocoDic acid, Tbo alcohols corresponding to tlioso acids not known, 

neither hare any general methods of forming the ncitls been 

of tartronic and malic acids to tlieir respoctivo unknown alcohols, C J1 U aua U 11 U , 
are shown by the following formulae : 


CH^OH 

<!;hoh 

UnknoMm alcohol. 


COOH 

<I;hoh 
iooH 

Tartronic acid. 


cH*on 

illOH 

(^n» 


OIPOH 

Unknown alcohol. 


COOH 

cIhoh 

COOK 

Malic acid. 


Itamalic acid, lately discovered by Swarts, is formed by the action of water or 
alkalis on itachloropyrotartaric acid, C^IPCIO* + H'^O «= C^H®0* + IICI. 

Triatomic and Tribasic Acid &. -Hint few of those acids have boon obtained ; 
indeed, the only ones known with cerUvinty to belong to tho group are ^ c o n i t a c i d, 
^ (CWy'-CCO^K)’, and tricarballylic acid, CniW -= (C»1P) (CO^H)*, 
which is produced by tho action of alkalis on propenyl tricyanido or tricyauhydrm 

(v. 879). 


Tetratomic Acids. 


Those acids may be derived from tetratomic alcohols by substitution of 1, 2, 3 and 4 
atoms of oxygen for a corrcsjxmding number of hydrogen molecules ; thus : 


enroll 

CU^OH 

1 

COOH 

Ahoh 

CHOU 

1 

1 

CIIOH 

1 

Ahoh 

CHOH 

1 

CHOH 

1 

An»on 

COOH 

COOH 

Erythrite. 

Erythric acid 
(monobasic). 

Tartaric acid 
(bibosic). 


Only one tetratomic acid has, however, been actually formed by oxidation of the 
corresponding alcohol, viz. erythric acid, C^U^O*, from erythrito, G^II'®0\ The 
known tetratomic acids are : 


Erythric acid . 
Gallic acid 
Tartaric acid . 
llomotartaric acid 
Citric acid 


C*n"0^ tribasic. 


Homotartaric acid is produced by tho action of moist silver oxide on dibroxno* 
pyrotartaric acid : 

C*H*Br*0< + Ag*0 + H*0 =. 2AgBr + C»H"0«. 

Rhodizonic acid, C*H*0*, obtained by heating with alcohol the black moss 
resulting from the action of carbon monoxide on heated potassium, is also a bibaaic 
acid containing 6 at. ox^en. 

Citricacidisa tribasic acid, C*H*0^ =* (C*H*0)"'(C00H)*, which maybe derived 
from tho unknown tetratomic alcohol, 


HOH»C CH»OH 

V 

inoH 

Ah* 

Ah*oh 

Xetaratomic alcohol. 


HOOC . COOH 


V 


Ahoh 

Ah* 


■ 2 


COOH 

Citric add. 
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Meconic acid, C*H*0‘. obtained from opium, is also a tribasic acid, but its degree 
of atomicity has not yet been determined. 

Pbntatomio Acids. 

There is but one known acid that can be referred to this group, viz. quinic or 
kinic acid, (v. 9), which is monobasic, and may perhaps be represented by 

the formula 


Hexatomic Acids. 


Four acids of this class are known, viz. mannitic acid, the isomeric 

acids, saccharic and mucic, all of which appear to be bibasic, and • 

mellitic acid, which is sexbaaic. The first three of these acids are 

derived from the hexatomic alcohol, mannite, C*H*^0*, in the manner indicated by the 
following formula : 


CH*OH 

] 

CH*OH 

1 

COOH 

I 

CHOH 

1 

CHOH 

1 

CHOH 

I 

CHOH 

1 

CHOH 

CHOH 

CHOH 

1 

CHOH 

1 

1 

CHOH 

j 

CHOH 

1 

CHOH 

1 

j 

CHOH 

CH*OH 

COOII 

COOH 

Maunito. 

Mannitic acid. 

Saccharic acid. 


The bibasicity of mannitic acid seems to show that the influence of the oxygen on 
the group COOII, in facilitating the exchange of the typic hydrogen for a metal may 
extend to the group CHOH, which is next to it. 

Mannite is actually converted into mannitic acid by oxidation under the influence 
of platinum-black, and into saccharic acid by the action of nitric acid. 

Mellitic acid, formerly regarded as a bibasic acid and represented by the for- 
mula C'I1®0^ (iii. 870), appears from the recent researches of Baeyer {Ann. Ch. Pharm, 
cxli. 271) to be a hexatomic and sexbasic acid, C*(CO*H)*, derived from benzene, 
C*H*, by substitution of 0 equivalents of carboxyl, CO^H, for 6 at. hydrogen. It 
tliorofore belongs to the aromatic series. When heated with lime it is completely 
resolved into carbonic acid and benzene, C*(C0*1I)® + 6CaO = C*H^ + 6CO*Ca. 
When treated with sodium amalgam it ttvkes up 6 at. H, and is converted into the 
sexbasic acid ; and this when treated with sulphuric acid is converted 

into the tetrabasic acid 


The preceding groups include all the organic acids containing only carbon, hydrogen 
and oxygen whose chemical relations have been exactly investigated ; but it need 
scairoely be added that there is still a considerable number, especially t^iose existing 
in living organisms, whose places in the series cannot at present be determined. T 

Most organic acids when subjected to the action of chlorine or hromtne give up one 
or more atoms of hydrogen in exchange for chlorine or bromine. lodated acids are 
formed in like manner, sometimes by the action of iodine^ sometimes by that of chloride 
o/ iodine. N itra ted acids, in which one or more equivalents of nitryl, NO*, are 
substituted for hydrogen, are formed by subjecting organic acids to the action of strong 
nitric acid. All those substitutions take place within the radicle of the acid, and do 
not affect its basicity. Another important chiss of acids is constituted by the amic 
or am id a tod acids, formed by dehydration of acid ammonium salts, by the action 
of hydrogen sulphide or other reducing agents on nitrated acids, and by the action of 
ammonia on acid ethers, e.g. oxamic acid from acid ethylic oxalate. 

Bulpbo-aclds* There is also a peculiar class of acids containing sulphur, formed 
by the action of fuming sulphuric acid or sulphuric anhydride on hydrocarbons, 
alcohols, acids and amides. They contain the elements of a hydrocarbon, an alcohol, 
or an acid, combined with one or two molecules of sulphuric anhydride, and may be 
regarded as derived from hydrocarbons, alcohols, and acids by substitution of the 
univalent radicle SO*H for hydrogen. Those derived from acids also contain the 
jradicle carboxyl, C0*B[. Thus sulphaceticacid formed by the action of sulphuric 
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anhydride on glacial acetic acid has the composition C*H^O*.SO*, and its constitution 
may be represented by the following formulae : 

O 

(I C 

HO— S— CH=« or I 

II I C 

o coon 


or CH-(SO»H).CO*H. 
OH 


In like manner, di sulphomotholic or mothionic acid, Cn*.2SO*, produced by 
tlie prolonged action of fuming sulphuric acid on 8\iIphacotic acid, may be regarded as 
CH*(SO*H)*, that ie as marsh gas having 2 at. hydrogen replaced by the radicle 
SO*H. 

Both sulphacetic and disulphometholic acids may be obtained by the action of fuming 
sulphuric acid on acetamide or acetonitrile : 

CHPN + H>0 + 2H*SO' = (Nn<)HSO< + C^IPSO* 

Acetonitrile. Acid afnmo- Sulphru-ctlc 

niuni snlphntc. ai’id. 


C*H>N -H 3H*S0» * (NH«)HSO' + CO* + CH^S^O* 

Acetonitrile. Disulpho- 

metliolic acid. 


In like manner are obtained ; {rora prapionitriley C*H*N : 


Sulphopropionic acid, C*11\80*H).C0*II or 




i 


H 

CH» 

SOMl 

O" 

OH 


Hisulphetholic acid, C*IH(SO’n)* or C-< CII® 

((SOHI)* 

And from benzonitrile, C®H*N : 


Sulphobenzoic acid, C«H<(SOHl).CO*H 
DIsulphobcnzolic acid, C*H‘(SO*H)*. 


Sidph(l>enzolic acMt C'HXSO’H), is produced by the action of strong sulphuric 
acid on benzene. 

Sulphonaphthalic acid, C»«IP(SOHI), and Bhulphonaphthalic acid, C’»H*(SO>H)*, 
are obtained by melting naphthalene with strong sulphuric acid or sulphuric anhydride 
(V. 567). 

A sulpho-acid called wethin-trisulphonic acid (or methenyldrieulphonic acid) 
containing three equivalents of the radicle SO*H, and represented by the formula 
(CI1)"'(80*H)*, is produced, as a calciura-salt, by heating calcium mothylsulphate witli 
fuming sulphuric acid (Theilkuhl, Ann. Ch. Pharm. cxvii. 134). 

Iscthionic acid, CHI^SO®, eth ion ic acid, C*H'’S*0*, and othionic oxide 
or anhydride, C*H*S*0*, produced by the action of sulphuric anhy«lride or fuming 
sulphuric acid on alcohol and ether, likewise belong to this class of bodies, and may bo 
representeil by the following formulae, which show that isethionic acid is monobasic^ 
et bionic acid bibasic, and ethiouic oxide neutral : 

OH H< 

0-1 = 0 0=1 

h»c-o-(!:h» h*i 

IsetAionic acid. Sthionic acid. Bthionio oxide, 

or: 



0 

[H* C 

A 

SO»H 1 

w Y' 


^SO*H C 

H* C 


S00« 

800^ 

H* 


The basicity of a sulpho>aeid ie equal to the number of atoms of SO*H and 00*H 
together contained in its molecule. 

The sulpho-adds formed fifom hydrocarbons or alcohols are described in tlie . 
dictionary as sulphurous ethers (t. 655) ; but they are perhaps more appropriately 
represented by the formulas just given, iu all of which the sulphur is xepresentM as in 
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immediate connection with the carbon. In the true sulphurous ethers the sulphur is 
connected with the carbon only through the medium ^ methyl sulphu- 

rous acid, (CII»)HSO*, and neutral methyl sulphite, (CH^j^SO : 

o 9 


fl 

HO-S-OCH* 

Methyl sulphurous 
acid. 


H»CO-S-OCH* 

Neutral methyl 
sulphite. 


Nevertheless, these sulpho-acids resemble the sulphurous ethers in so far that, when 
treated with alkalis, they are converted into metallic sulphites ; and conversely they 
may be produced by the action of the corresponding chlorides, iodides, &c., on mehillic 
sulphites. For just as ethyl iodide acting on neutral potassium sulphite produces 
potassium iodide and sulphethylato, according to the equation : 

C^H'! + KSO^K = C^mSO^K + KI; 
and ethylene bromide with sodium sulphite produces sodium ethylene-sulphite : 

C“U‘Br» + 2NaSO>Na = + 2NaBr; 

80 likewise monochloracotic acid with potassium sulphate forms sulphacetate : 

C>II"Cl.CO*n + KSO’K - + nci; 

glycoHic monochlorhydrin gives rise to potassium isothionato, C®H\OH).SO*K ; glyceric 
dichlorhydriu produces the potassium salt of disulphoglyceric acid, C*II*(OII).(SO*II)'^ ; 
and trichlorhydrin produces trisulpho-glycoric acid, 

Sometimes, however, the reaction is less simple; thus chloroform at 180® is but 
slowly attacked by potassium sulphite, carbon dioxide being evolved, together with 
a gas (methyl chloride ?) which burns with a green flame ; and the solution contains 
sulphomethylic acid and its chlorinated derivatives, together with disulphomothylonic 
and perhaps also trisulphomothylonic aci<l. In general, however, in the formation of 
those sulpho-acids by the reaction under consideration, tlio bromine, chlorine, or 
iodine united with the carbon is replaced by the univalent radicle SO'’!!. 


A.CO&’S’CTXira. A base contained, according to Fr. Iliibschmann (Jahresb. 
1866, p. 483), in the root of wolfs bane, AconiUnn hfcoctonnm^ which does not appear 
to contain aconitine. It is obtained, together with another base called lycoctoniuo, 
by trojiting the alcoholic extract of the root, first with lime, then with sulphuric acid, 
evaporating, removing the rosin, decolorising with animal cliarcoal, evaporating to 
dryness with sodium carbonate, and exhausting the triturated mass with chloroform 
or absolute alcohol. On digesting the syrupy residue loft on evaporating this extract 
with other, the lycoctonino dissolves, while the acolyctiiio, which is present in larger 
quantity, remains behind. Acolyctino is a whitish powder easily soluble in water, 
alcohol and chloroform, but insoluble in other. It has a bitter taste and alkaline 
reaction, and neutralises acids. 

ACOXrilXiXinari]. This name is given by T. and H. Smith {Vharrit, J. IVans. 
[2] V, 317) to a bi\80 different from aconitine, which they have extract©^ from the root 
of Acoi^itum Najpcllus. — The mode of preparation is the same us that-given below 
for aconitine, excepting that tlie sulphuric acid solution is tre^ated, not with ammonia, 
but with sotlium carbonate, added in such quantity as to leave the acid in slight 
excess. Aconitine then romains dissolved, and the aconelline crystallises after a day 
or two on the sides of the vessel. 

Aconelline differs from aconitine in not being poisonous. It is isomeric with 
luurcotine, exhibiting the sauvo degree of solubility in water, alcohol, &c., the same 
reactions, and forming a platinum salt in which the percentage of platinum is the 
same as in plati no-chloride of iiarcotiiio. 

AOOirZOACZD. C>H<0* = (Kekule, Ann. Ch. Pharm. Svppl. 

i. 338). — An acid prmiuced by the action of alkalis on itadibromopyiotartaric acid 
(p. 49). When a solution of this acid neutralised with soda is heated to the boiling 
point, and then gradually mixed with more soda in the proportion of 3 molecules 
NaHO to 1 molecule of the acid, and the liquid is evaporated, sodium (xconatSt C*H*NaO*. 
3ll*0, crystallises out. This salt is easily soluble in water, and crystallises in 
thin transparent rhombic Uibles, which effloresce slowly on exposure to the air. The 
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Sarium satt^ (at 150®), is formed in a s'milar manner, and is precipitated 

in docks from the concentrated solution by alcohol. The acid is crystallieablo and 
easily soluble in water. 

A.COXf'XTZC ACXO. C*II*0* t= C*lI’0*(On)*. — This acid is formed in Tory small 
quantity, together with a volatile acid, when an aqueous solution of citric acid is boiled 
for 100 hours (Dessaignos, Bull. Soc. Chhn. [2] v. 356). According to Otto {Jahref^h., 
1863, p. 384), it forms a basic lead-salt containing Pb*(C**H’'0*)*.2Pb0,21I*0 
(at 100®). 

By the action of sodium amalgam, aconitic acid is converted into tricarballylic acid, 
C»H»0* (v. 870). 


JLCOXSr ZTIM B. — The best mode of preparing this base in the pure 

state appears to bo that of Ilottot {J. Pharm. [3] xlv'. 304 ; jahresh. 1863, p. 451). 
The pulverised root of monkshood is macerated for a w^oek in alcohol of 85 per. cent. ; 
the filtered tincture distilled over the water bath ; the aqueous solution of the residue 
mixed with milk of lime and shaken from time to time; and the filtered solution pre- 
cipitated with a slight excess of sulphuric acid. The clear liquid filtered from tho 
calcium sulphate is then evaporated to a syrup ; tho residue is mixed wdth three or 
four times its weight of water; and tho resulting solution is left at rest, in order to 
remove a green oil which rises to tho surface and soluiifi<'s at 20° ; the Inst traces of this 
oil are removed by pouring it through a wet filter. Tho filtered licjuid is next mixed 
with ammonia, boiled to expel the excess of that alkali, and render tho precipitate 
more compact ; and the precipitate, which is a mixture of aconitine with a resinous 
matter sparingly soluble in ether, is collccto<i on a filter, washed, dried, and treated 
with pure other. 

Tho ethereal sohition filtered, and left, to evaporate, leaves aconitine still impure. 
To obtain tho alkaloid quite pure, it must bo rcdissolved in dilute sulphuric acid, pre- 
cipitated by ammonia, and boiled ; and tho precipitate must bo washed, dried, and 
again treated wi th other. By repeating this treatment two or throe times, taking euro 
in the last repetition to add the ammonia only drop hy drop, so that tho first portions 
of the precipitate, which are still coloured, may bo separated, tho aconitine is ulti- 
mately obUinod, white, amorphous, and quite pure: 10 kil(»gr. of the root thus treated 
yTel<l fcfim 4 to 6 grms. of pure ficonitino (Ifot.tot). According to Procter {Chem. 
A/uvs ix. 87), the root of Americ.an monkshood contains 4 2 parts per thousand of 
aconitine ; tlie Kuropojin root, only 2 parts per thousand. 

Aconitine when cautiously heatcil yields an amorphous sublimate which in contact 
with ammonia pr<xluccs characteri-stic microscopic crystalline formations, like those of 
a tin-tree (cruciate needles) (IJelwig, J. Pharm. [3] xlvi. 459). According to 
Ihiignet {ifdd. xl. 25), it turns the plane of polarisation tx) the loft. 

ikCORXXr. A ghicosate extracted from the common reed (Acomis calamus). It is 
B' liiblo in *alco]iol ami ether ; precipitatx*d from its etliereal solution !>y benzene. The 
aleoholic solution is slightly alloilinc. It dissolves in hydrochloric acid, but docs not 
neutralise it (A. Fau.st, Bull. Soc. Chim. [2] x. 392). 


C’II*0 ~ C-H*.COIf. — This compound, the aldehyde of tho acrylic 
series, is formed, together with other products, by the cl ecom position of acetone dibromide 
(? dibromisopropyl alcohol) at ordinary temperatures or when heated : 

C*n^OBr» « 2HBr + C'lI^O. 

Aorfdein is convcrtecl by nascent hydrogen (evolved by zinc and hydrochloric acid) 
into allyl acohol, isopropyl alcohol, and acropinacone (p. 66) (Linnemann, Ann. Ch. 
Pharm. Supyl. iii. 257) : 


C*H«0 + 

H* - C»H»0 


Allyl aloohol. 

C*H‘0 + 

2H» « C»H»0 


Isopropyl alcobol. 

2C*H«0 + 

n» » O*H»*0* 


Acropinacone. 


A solution of potash (aqueous or alcoholic) saturated with acrolein deposits on 
addition of an excetw of sulphuric acid, brown flocks of hexacrolic acid, and the liquid 
niteroa therefrom yields by distillation a dilute solution of aciylie acid (Clans). 

By oxidation with si/eer-oxidr, acrolein is converted into acrylic ae^ C*HK)’ ; with 
Mchronutfs and sulphurw ae%d^ into carbonic and formic mMmc With 
of TO. 12, or with fhming nitric acid, it yields glycoltic. Militip with oxidit 
direct ^on oteygm, it is only mrtly converted (ii. 

wgeUieBe with a small quantity of acrylic add. Heated with c^^UcoJwic 
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it forms hexacroleic acid, (Hi. 151), together with a smaJJ qiiantitj of acrylic 

acid (Claus, Jahresh, 1862, p. 245; Bull. Soc. Chim. [2] x. 45). This last compound 
ajypears also to be formed by treating a mixture of acrolein and ether with sodium 
ethvlate (Alsberg, idid. 1864, p. 487). 

Bromine dropp^ into well-cooled acrolein forms a thick yellow lig[uid which cannot 
be distilled alone, but after treatment with alcohol yields by distillation a product 
passing over between 150° and 170°, and corresponding approximately with the 
formula C®H^Br^O. With chlorine in like manner an oil is obtained which yields by 
distillation a liquid passing over between 150° and 155°, and having nearly the compo- 
sition C^H^CFO. Cyanogen does not unite with acrolein, but accelerates its resinifica- 
tion (Aronstein, Ann, Ch. Pharm. Suppl. iii. 180 ; Jahresh. 1864, p. 332). 

yi'\\X\pho»phorii8 pentachloride, e^rcAevo. yields, besides allylene chloride, C*II^C1®, 
boiling at 84*5° (i. 56), about an equal quantity of an isomeric compound boiling at 
102°, and identiciil with dihydrochlorc^lycide or epidichlorhydrin (ii. 896). The por- 
tion of the product boiling between 152° and 156° also contains trichlorhydrin, C®II*C1* 
(Geuthor, ^itschr. f. Chem. 1865, p. 24; Jahresh. 1864, p. 333). 

Acrolein heated with 2 mol. acetic chloride unites with it, forming the com- 
pound C’H'“C1“0’ = C*II^0.2C^II’0C1, a colourless liquid which boils between 
140° and 145°, with partial resolution into its component molecules, and decomposes 
in like mnunor in contact with water or with alkalis (Aronstein). 

Acrolein heated with ethyl alcohol and its homologues, and a little acetic acid, yields 
glyceric ethers; thus, trie thy I in, C^H^(C‘-^ir')*0*, is prcxluecd by heating 1 vol. 
acrolein with 1vol. alcohol and 0*5 vol. acid acid; tr i mothyli n, C“H*(CII*)^0*, 
by heating 1 vol. acrolein with 3 vol. methyl alcohol and 0*5 vol. acetic acid ; and 
triamylin, C’*ll‘(C'll*‘)H)®, iii a similar manner, yiheu hydrochloric acid gas is 

{ mssed into a mixture of acrolein with 2 vols. ahsohitc alcohol, diethyl-chlor- 
lydrin, C*IP(CGPy''(M(T'*, is obtained as a heavy oil of sweetish ethereal odour, and 
sp. gr. 103 at 10*5° (Alsberg, Jahresh. 1864, p. 494). 

Acrolein acts violently on aniline, forming a yellow inodorous amorphous hnso 
called d i a 1 1 yl i d i n o-d i p h e n a mine, = (C'*1I^)'-(C’II^)2N- (Schiff, Jahresh. 

1864, p. 414). 

Metacr olein has a sp. gr. of 1*03 at 8°, and is therefore not lighter than water, 
as was formerly supposed (i. 57). With phosphorus pentachloride it yields the .sumo 
products as acrolein. Heated with acetic anhydride to 150°, it is converted into oily 
acrolein diaceUite, boiling at 180°. It docs not unite with ammonia. 
ilCROXiBXlf-.ALCSXA.Xi. Syn. with Hietuyl-oi.ycidic ether. 
ACROBSXXf-AMlISOSrXA. C'-IpoN’-'O* (or C'HP-N^O^ if regarded as analogous 
to ammonium hydrate).- — Claus prepares this compound hy directing the vapours of 
acrolein (pro<lucod by the action of acid pobissium suphato ‘on glycerin) into aqueous 
ammonia, then expelling the excess of ammonia by eT)ullition, and precipitating 
with alcohol or ether. It acts as a base, forming salts with acids. The hydrochloride 
has, iiccording to Claus, the composition C'‘li*»N-'0‘”CP, derived from the hydrate 
hy substitution of CP for (IIO)^ 

Acrolein-ammonia is (leconiposod by dry distillation, yielding, among other 
products, a liquid base, which forms crystal Usable salts. The platino-chlqride of this 
base contains C'®H'**N^Cr^,PtCP : consequently the free base in the state of hydrate 
would bo C'^Il'^N^O*, and would be derived from acrolein-ammonia (also regtirded as 
a hydrate) by elimination of 2 mol. water: C»*1I^^N'‘0< — 2H20 ^ C'“H**N*0* 
(Claus, Afm. Ch. Pharm. exxx. 185 ; Jahresh. 1864, p. 416). 

According to Schiff (Ann. Ch. Pharm. [2] viii. 443), acrolein-ammonia decomposes 
with excess of acrolein, according to the equation ; . 

C»H*OH 

2N H + 2C«H*0 = 2H»0+ 

(h uC’H*) 

Acrolein- ammonia. Acrolein. 

This base resembles those produced from acetic aldehyde (q.v.). 

AGROXiRZir-oaLETHYXiCKXiORXBB. Syn. with Hydrochloride or Ethtl- 
OLYciDic Ether. 


^AORORXirAOOXf& OH'*0* (Linnemann, Ann. Ch. Pharm. Stippl. iii. 257). — 
Fenced, togetW with allylic and isopropylic alcohols, by the action of nascent 
•yorogen, evuisnM by zinc and hydrochloric acid, on acrolein. Being insoluble in 
water, It on the surface of the zinc, and thereby impedes the action of 

ttoe acid : ^ » best to mix the acrolein with half its volume of ether and four 

Umw Its weight oFhydrochloric acid of ep. gr. M6, cool it. and pour it immediately 
on the zinc, which has likewise been cooled. When the action is finished, the 



ACROTHIALDINE— ADIPIC ACID. 


n7 

acropinaoone is dissolved out by repeated agitation with other, and separated by 
repeatedly distilling the ethereal solution, and collecting the portion which passes 
over between 160° and 180®. When recently distilled it is colourless, but gradually 
turns brown on exposure to the air. It has a peculiar camphoroiw odour, a sp. gr. 
of 0‘99 at 1 7°t is insoluble in water, but dissolves easily in alcohol and ether. It is 
related to acrolein in the same manner as pinacono to acetone, or benzopiuacoue to 
bcnzophenone (iv, 617)* 

ACSOTBZAXOZm. C*H**NS* — N J C^WSH. —A base produced by the action 

( 

of ammonium sulphydrate on acrolein (SchifF, Ilu//. See. Chim, [2] viii, 444), (See 
Thiai.pinb.) 

ACUnze ILCZn. C>H^O* = CH(CH=‘)".CO*H.~This acid, produced by the 
direct oxidation of acrolein and of allyl alcohol, is also formed, according to Butlerow 
(Ann. Ch. Pharm. cxiv. 204), together with other products, by the action of iodoform 
on sodium cth^date. An alcoholic solution of barjda, kept for several yeara'in badly 
closed bottles, was found by Berthelot (Jahresb. 1863, p. 395) to contain an ncid 
isomeric or identical with acrylic acid, together with aldehyde-resin and oxalic acid. 

According to Claus (Ann. Ch. Pharm. Siqtjil. ii. 117), the best mode of preparing 
this acid is to treat acrolein, mixed with 3 vols. water, with recently precipitated 
silver oxide, as in Iledtonbacher s process (i. 67) ; heat the liquid to the boiling 
]>oint, after the odour of acrolein has disappeared ; add sodium Civrbonato to slight 
alkaline reaction ; evaporate to dryness ; and decompose the residue with sulphuric acid. 
On distilling the filtnite, acrylic acid passes over as a colourless strongly acid liquid. 

Acrylic acid treated with powerful oxidising agents, such as chromic acid, is con- 
vert cii into acetic and formic acids ; heated with caustic potash, it yields formate 
and acetate, with evolution of hydrogen (p. 41). 

Acrylic acid in aqueous solution takes up 1 mol. bromine, and forms dibromo- 
propionic acid, which may l)o crystallised by slow evaporation (Wiehel- 

haus, Jahresb. 1867, p- 403), 

The acrylates, exc(*ptiug the silver salt, are easily soluble in water. They are 
l>est prepared by neutralising the acid with sodium carbonate ; the solution, even 
when preparcal with perfectly colourless acid, turns yellow, and must l)e decolorised 
by animal charcoal. The acrylates, when heated Ui 100®, all give off part of their 
acid, and leave basic siilt,*^ ; the potassium, barium, and zinc salts undergo this 
decomposition, even at ordinary temperatures. The potassium salt, KC’11’0*, and 
the s^ium salt, NaC’iPO^, form indistinctly crystalline masses. The silver salt, 
AgC*II*02, forms a curdy precipitate, or lancet-shaped needles ; it is moderately 
soluble in boiling water, and ejisily reducible. The barium salt is gummy, and forms 
needle-shaped crystals, only after its colourless solution has been loft to stand for a 
long time. The calcium salt, Ca"(C’H*’0-)*, remains on evaporation in groups of 
small, thick needles, which gradually become opaque, and easily lose their acid. The 
lead salt, Pb"(C^lI*0^)^, crystallises from a hot aqueous solution, or better by 
evaporation under the air-purop, in stellate groups of shining needles, often half 
an inch long. The zitic salt, Zn''(C*H*0*)*, remains on evaporation in small scales, 
whic^ do not redissolve completely in water. Etkylic acrylate is not produced by 
heating the lead-salt with othylic iodide, the Siilt being in fact resolved into 
acrylic acid and a basic salt before the ethylic iodide can act upon it (Claus). 
ACSTUC SS&XS8 OX* il.Cn>8. See p. 40. 

AAJLMXn. A hydrated zinc arsenate, occurring in a compact limestone at 
Ch^tnarcillo, in Chile, in honey-yeiiow grains having a bright vitreous lustre, or in very 
sntiall violet-coloured right rhombic wisms, having an octohedral character, and 
exhibiting the combination oo P . ooP2 . a>f*2 . ooPoo . I*oo . P, the maqrodome 
predominating, and P l>oing observed only on a few cleavage-faces ; most of tb||lhce8 
exhibit wavv striations. Cleavage distinct, parallel to Poo. Angle ooP; ooP » 
91® 62'; aoj?2 ; oo 1*2 «« 128° 6'; Po© : Poo over the principal aids s= 107° 20', The 
crys^ls are optically positive, the plane of the optic axes being parallel to oP, and the 
median line perpendicular to oo Poo . The crystals scratch calcspar, but are scratdied 
by fluorspar. Sp. gr. =» 4 338. Analysis gave 89 86 p. c. As^O*, 64-32 ZnO, 1*48 FeO, 
with trace of MnO, and 4-65 vrater ( — 100'20), whence the formula 4Zn0.As*0*.H*0, 
or AjiZii»H*0» or (AaO)'"Zn*HK)‘ (C. Friedel, BuU. 8oc. Chim. [2] 

AMMO AOXX». — This acid, the flifth of the oxalic 

(p. 47), is produced, accordjipg to Ci^ {BvU. 8oe. Chim. 1863, a heating 

mumc acid with hydxiodie add and phoephorua to 140° in a sealed tnhpbr 

+ SHI » C‘H**0* + a* + 4H*0. " 
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ADIPIC ACID— ^SCULETIN. 


L. Marquardt {ZdisvliT. /. Chem, [2] v. 635) obtains it by the action of sodium 
amalgam on muconic acid, C*H«0' (v. 1093). Wislicenus {ibid. iv. 680), by heating 
Beilstein’s ^ iodopropionic acid to 160°, with excess of finely divided silver or 
copper, obtains an isomeride of adipic acid, and represents its formation by the 
foUowing equation : 

^ /COOH 

CH* 

CIPI . , oA T 
** ^ 2AgI + 

cn» 

\coon 


2 mol. lodo- 
propionic acid. 


/coon 

CH* 

CH* 

CH* 

CH» 

\coon 

$ Adipic acid. 


a-Iodopropionic acid treated in like manner yields ordinary or o-adipic acid: 

'Coon 


iiHi 

I 

cn* 


CH* 


+ Ag* = 2AgI + 


he 


m 


IPC- 


coon 

in 


n®c-cn 


, soon 

2 mol. a-lodo- 
proplonlc acid. 


coon 

Adipic acid. 


(Wislicenus, ibid, vi, 247). 

According to Arppo (Acta Scientiarum Socktatui fennic(8^ viii. ; Jahre^h.^ 1864, 
p. 377), a<Iipic acid is produced by the oxidation of sebic orscbacic acid with nitric acid, 
and is identical with the acid l^rmerly ca\Wca\ o.rypyroHc acid (iv. 319). It is also found 
in small quantity in tlio more soluble pK'rtion of the products of oxidation of the 
fatty acids, C"ll-"Oh It crystal li.scs in vitreous brittle laininse or prismatic flattened 
ncedlc.«i, melts at 148°, sublimes undecompo8c<l ns a crystalline powder when 
cautiously heated, and dissolves ojisily in warm water, alcohol, and ether. Its salts 
were found to exhibit the following cliaracters : 

Potassium adipate CnPK'O’.CnPKO* confused crystalline mass. 


StKiium 
Silver 
Barium 
Calcium 
Cadmium 
ler 


Lea 


C«n^Na20*.2IP0 

C<»H«Ag=0< 

Cni^BaO* 

OlPCaO'.n-'O 

C^IPCdOh2IPO 

cni'*cuo< 

C-H«PbO* 


easily soluble crystalline mass. 

crystalline powder. 

granular j)Owdcr. 

precipitate on boiling. 

moderately distinct crystals. 

green precipitate. 

brown-rod flocculont precipitate. 


Ammonium adipate forms largo monoclinic augitic crj’stals, which hctweCn 130° 
and 160° are convortoil (with further decomposition) into a crystalline p()wder 
(adipamide) soluble in water. Efhylic adipate aistils unaltered at 245°, and is not 
aooomposed by ammonia (Arppo). 

JBBORTirXTB. According to recent analyses by Marignac (BtJL Soc. Chim. [2] 
viii. 179), this mineral consists e.ssentially of titano-niobate of thorinum and cerium, 
with smaller quantities of lanthanum, didymium, yttirum, and iron. 

ThO CeO ^ YO FoO CaO Losa 

6P46 0 18 15 75 18 49 6*60 M2 3 17 2’75 1*07 - 99-68 

The ratio of the acid oxides appears to bo 66*96 niobic to 43*04 titanic oxide, or 
2Nb*0*; 6TiO*, the same as in ouxenito. Hence Marignac concludes that those 
two minerals may be included in the general formula : 

6(MO.TiO^) 2(2M0.Nb*0*). 

He was unable to find any evidence of the existence of Hermann’s ilmenium in 
this mineraL (For Hermann’s analyses, see Jahre^b, 1866, p. 897 ; 1866, p. 946.) 

jBSoxirio Aoxx>, JBSOxcNnrxxr* JBscxa&TCdUiXO a-czb, jbsoz- 
OmoXir» JBSCmaTXir, &c. See Mbcjjujs, 
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JBSCirUC ACX]>. Kochletler {Bull, Soo. Chim, [2] \x. 387) assigns to this acid 
the fomula C**H**0**, and explains its formation from siiponin hy the equation : 

JB8Gt7£tr8. Rochlcder ( Akad. Ber. Iv. ; B\ilL Soc. Chim, [2] ix. 383) 
has made further experiments on the chemical comjwsitioii of the seeds of the horse- 
chestnut {Msculus hippocastanum). Ho regjirtls the proximate principles of these 
seeds, with their derivatives, as forming a series parallel to glycol and its derivatives ; 
thus : 


G lycol 
Glycoliil . 
Glycol lie acid . 
Glyoxal . 
Glyoxalic acid . 
Oxalic acid 


OHHO* 


ililsciglycol , , 

-d^sciglycolal . • 

^sciglycollic acid . 
vKsci glyoxal . 
-^sciglyoxalic acid , 
iIi}scioxalic acid 


GUI" 0» 

mv o* 
can o» 

0« 


Ilorse-chostnut seeils contain nescigenin, C‘2IP®02^# homologous with acsciglycol ; 
Bpsciglyoxal is present in the form of aesculetin, C'lHC)^, derived from it by substitution 
of two atoms of formyl, CIl for H* ; aesciglyoxalic acid combined with phlon>glucin 
constitutes the tannin of the horse-chestnut. 

.^sciglycollic acid was olttainod by Ulasiwetz by the action of sodium-amalgam 
on quercetin, ^scioxalic acid is formed by the action of potash on msculotin, 
together with sescorcin, C^II^O*, which has the compe^sition of diforniylic acBciglycolal. 
iEscigenin is contained in the cotyledons in three different states, viz. ns tt>scinio 
arid, argyroscin and aphrodescin (iii. 172). 

Strong boilingpotash-l<‘y or ba ry hi- water <lecomposes msculetin into formic, oxiilic and 
rescioxalic acids, the last being isomeric with pr<ib)C4ite<*hnic acid ; and if the reaction 
bo performed in an atmospbero of hydrogen rejdnced at the last by carbonic acid gi'is 
to precipitate the excess of baryta, a solution of a barium salt is obtained, which 
when decxiinpo.'^ed by sulphuric acid yields tescioxalic acid in colourless microscopic 
crystals containing ('MI*0M1‘‘'0. 

yKscnlotin unites willj acid sodium sul])hite, forming the compound C^IPO', 
NaibSO^^ir-'O, from which the msculetin cannot bo rocr>veri>d in its original stat^j : in 
fact, the sfxiium compound when decomposed by an alkali yields an isomeric body ; 
parfusculoti n, which has the nature of an aldehyde, dissolves sparingly in water, 
more freely in alcohol, very ofisily in water, and crystallises confusedly when the 
solution is evayKnuitcHl in a vacuum. The crystals contiin 2C*IPO*.OIHO and require 
a high temperature ^ deprive them of their water. Parasculetiii exjxistxi to an 
atmosphere of ammonia immediately becomes red, then violet, and ultimately yields a 
sky-blue liquid, which in presence of sulphuric acid gives off tho excess of ammonia 
and becomes re<l again. This ammoniacjil cfjmpound forms a co2>per-colourcxl load- 
salt contfiining 3(2C*}GNOMPO).10Pi)O, which gives off water at 100° Tho blue 
Mibstanco is tliereforo comp<ised of C'H’NO*, and appears to be formed according to 
the eqiL'ition : 

C*1P0* + Nil’ + = C’lI’NO’ + IPO. 


Frr)m ita analogy to orcein, Kochledcr calls it aesorcei n. 

.^Esculetin unites with nascent hydrogen ; when treated with sodium amalgam it 
foms a liquid which turns rwl on exposure to the air ; but tho presence of sulphuric 
acid prevente the coloration. If the fixation of hydrogen bo effected in a solution 
acidulated with sulphuric acid, an amorphous substance is obtaineci which may be 
extrac^ by ether, and whose aqueous dilution forms with lead nitrate a yellow 
palpitate, turning rod in the air, ns likewise does tho w>lution, which yields a 
white precnnilate with basic lead acetate. This last precipitate contains an acid 
acid, C’H’O’, and having tho (y>mpoBition of orcin, 
V ; J ^ )’ with C^O* added to it: hence called sesorcin. It dissolves in alkalis 
with gr^n colour, quickly chan^ng to rod. When oxi^osed in the moist state to tho 
actmn of ammonia gas it is rapidly converted into SBoorcein, 

jKsculetin reduces the dioxides of lead and manganese, mercuric oxide, and alkaline 
cupric elutions ; it is strongly attacked by- chromic and nitric acids, forming amor- 
phous wwies, which are difficult to separate. With silver oxide as the oxidising 
a^nt-, a bro^ resinous substance is formed, together with a difficultly crystallisable 
isomenc with aeaculetin. 

Horse-chestnut seeds sometixnes contain, instead of argyT8e8cin,t another 


♦ ssrigned to this body the formuJa (III. ITS). 

T Hoctitoiler formwly assigned to this snbetaaoe the formula (see ilk Itf), 
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tnibsUmce containing C’H* lesa. This suhstance, if troa^ tot veith ^tash, then with 
-“id in alcoholic solution, yields not ^cigcn^, but a diatomic alcohol, 
(Rochloder, Wien. Akad. Ber. Ivi. ; BulL Soc. Chtm. [2] ix. 385). 

AOAVa. Well-preserved juice of Agave americana, of sp. gr. 1046 »t 15;2°. was 
foi^d by J. Boussin^ult (_Ann. Ch. Phye. [4] xi. 447) to contain in 1,000 parts : 


Levulose 
Cane sugar 
Malic acid . 
Gum . 


26*45 
61*71 
3 53 
5*46 


Albumin 
Ammonia . 
Inorganic substances 
Water 


10*13 

0*06 

6*21 

886*46 


The fermented liquid {pulque), obtained by the action of yeast on the juice, concen- 
trated and then again diluted nearly to its fjriginal strength, was found to contein in 
a litre, 35*4 grms. alcohol, a quantity of organic acids equivalent to 1*60 grm. 
sulphuric acid (H-'.SO^) and 0*04 grm. ammonia, but it no longer contained sugar. It 
was turbid and had a faint vinous odour, but not the disagreeable smell peculiar 
to Bulque fuerte, which this liquid acquires only aftor sUinding for a long time over the 
abundantly separated yeast. 

w A. T.caA- A poison used in Western Africa, and obtained apparently from a 
loganaceous plant. It was exported in long delicate tortuous twigs, containing, 
between the bark and the wootl, a few crystols which have not been examined. The 
alcoholic extract of the bark, treated according to the method of Stas for the discovery 
of alkaloiVls, yielded an active principle amounting to 2 per cent, of the weight of the 
bark. This substiinco is an alkaloid, soluble in 60 pts. of cold absolute alcohol, in 
16 pts. of spirit of 85 per cent., in 120 pts. of anhydrous ether, and in 13,000 pts. of 
cold water ; it dissolves also in chloroform, carbon bisulphide and benzene. The 
alcoholic .solution, slowly evaporated, tUqjosits small prisms. The molecular weight 
of the base, deduced from the analysis of it-s hydrochloride and plati nochloride, iiJ 
between 290 and 293. This base, when heated, turns yellow, melts, and decomposes, 
giving off irritating vapours. Its salts are very bitter and yield amorphous precipi- 
tates with alkalis, alkaline carbonate.s, and most of the other reagents which precipi- 
tate alkakuds. Clilorino forms a white precipiUite soluble in ammonia. A mixture 
of sulphuric acid and potassium bichromate produces the same reaction as with 
strychnine (rraser, J. pr. Chem. civ. 51 ; Bull. Soc. Chim. [2] xi. 176). 

ilXiClLfl.. The Mexican plant Alcca rosea {pa.^sc-rose) yields a substance inter- 
mediate in its properties between the fats and resins. This substance, called by the 
natives Ohrequin, is produced by the puncture of an insect on the branches. It is 
nearly insoluble in alcohol, easily soluble in other, turpontino-oil, and chl(»roform, 
and remains on evaporation of its solutions as a colourless, inodorous, terebinthaceous 
mass, easily saponified by alkalis (Dauzats, J. Bharm. [4] v. 174). 

iUkCOOEb. The gelatinous compound of alcohol with silicic acid. (See 
Colloidal Acids, in Appendix, v. 1089.) 


ilXiCOBOIL (ordinary). See Ethyl Alcohol. 

ik3bC0K03b8. An alcohol may be derived from a hydrocarbon containing an 
even number of hydrogen atoms by the substitution of one or more equivalents of 
hydroxyl, HO, for an equal number of hydrogen atoms, the alcohol being monatomic, 
diatomic, triatomic, &c., according to the number of equivalents of hydroxyl thus 
introduced. Alcolu)ls may of course bo likewise regarded as compounds of hydroxyl 
with hydrocarbon-radicles (alcohol-radicles), univalent or multivalent, or again as 
derived from one or more molecules of water, by substitution of such a radicle for an 
equivalent number of hydrogen atoms. Thus from propane or propyl hydride, 


CH» 

C«H* or 

in* 

are derived the three following alcohols : 




CH» 




5h*oh 


or C^H^OH) or 


cmn 

Hi 
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ei 


Propylene alcohol) 
(diatomic) { 


Propenyl alcohor 

or glycerin ■ C*H*0* = 
(triatomic) j 


O* 


CH^OH 

CH* or (C*H*)-'|g| or 

CH*OH 

CH*OH 

I;H0H or (C>H»)*|oH or 


An alcohol is saturated or nnsaturated according to the nature of the hydrocarbon 
from which it is derived. Thus all the three alcohols derived from propane, C*H*, 
which is a saturated hydrocarbon, are themselves saturated molecules, not cjipable of 
forming new compound by addition ; but from the unsaturated hydrocarbon 
is derived the unsaturated compound allyl alcohol, C*H“0 or C*H*(OH), which is 
capable of taking up 2 at. bromine and forming the compound C®II*llr‘0. In liko 
manner, all the allyl-compounds formed on the typo C’*1PR (the symbol R denoting a 
monatomic acid or chlorous radicle) can take up two additional atoms of such radicle 
or radicles, whereby they are converted into compounds of the propenyl or glyceryl 
group (C*iI*)"'R*. (See Aixyl-compounds, i. 141, 142.) 

The substitution of an alcohol-radicle for the hydrogen of either of the groups OH 
in an alcohol converts it into an ether, and the number of ethers which an alcohol 
can form with the same alcohol-radicle is determined by the number of equivalents 
of hydroxyl contained in its molecule (see p. 38). 

The substitution of O for H® in one or more of the groups IPOH converts the 
alcohol into an acid, and the removal of 2 atoms of hydrogen from one of these 
groups without replacement by oxygen converts the alcohol into an aldehyde. 

Most of the known alcohols are enumerated and classified in the article Alcohols, 
vol. i. pp. 97-104, There are however some additions to be made, especially relating 
to isomeric modifications. 


Monatomic Alcohols. 


a. Series or + — To tlio list of these alcohols given in the 

article just referred to must bo added nonyl alcohol, 0*112*0, formed from tho 
nonyl h^’dridc, occiuring in American petroleum, by converting that compound 

first into chloride, then into acetate, and distilling tho latter with potash (iv. 134). 
The alcohols containing 12, 14 and 16 atoms of carbon are supposed to exist in 
spermaceti, together with soxdocyl or cetyl alcohol, because that subsUince when fusc<i 
with potash-lime yields the corresponding fatty acids C“U2"02 (Heintz, Vogg, Ann. 
Ixxxiv. 232 ; Ixxxvii. 563). 

The isomeric modifications of these ¥l\co\h)\h, primary ^ secondary^ and tirtiary^ have 
already been noticed in the article Secondary and Tertiary alcohoijs, by Professor 
Wanklyn, in vol. v. pp. 215-218. It is there stated that an alcohol is said to he 
prifnary, secondary^ or tertiary^ according as the carbon-atom which is in combination with 
hydroxyl is likevoise directly combined with one^ two^ or three other carbon-atoms. The 
first and second alcohols of the series can exist in one form only, but tho threo-carbon 
alcoliol admits of two modifications, viz., 


CH* 

1 

CH» 


(C1I*(CH*) 

cjH* 

(OH 


, and HCOH or C 

1 I 

H»COH CH* 

Normal propyl alcohol. Isopropyl alcohol 

and the four-carbon alcohol of three modifications, viz.. 


CH* 

CH* 

H 

OH 


fCH*CH*CH» 

fCH*CH* 

fCH* 

H 

pJCH* 

pJCH* 

H 


^ICH* 

lOH 

lOH 

(oh. 

Primary. 

Secondary. 

Tertiary. 


five-carbon alcohol and those above it are also snsceptibls of three eimilar 
modifications ; but modifications higher than the tertiary are impossible, inasmndhi as 
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the carbon-atom associated with hydroxyl by one of its atomicities or units of 

equivalence has only three others to dispose of. 

There is still, however, another kind of modification of which the alcohols of 
of these three groups are susceptible, arising from modifications in the alcohol-radicles 
themselves. (See Hydrocakhons.) The primary four-carbon alcohol, for example, may 
bo represented by either of the formulae : 

CH*CH‘*CIi» CH(CH*)* 

P. ^ C- ® 

^ H H 

loH von 

Each of these fulfils the essential condition of a primary alcohol ; but the first con- 
tains normal propyl, 011^(0*11*), whereas the second contains isopropyl, CH(CH*)®; 
and in the higher alcohols it is easy to see that a still larger number of modifications 
may exist. 

A very convenient nomenclature for these isomeric alcohols has been proposed by 
Kolbe. Methyl alcohol, CII*(OH), is called carbinol; and the primary alcohols 
formed from it by successive substitution of methyl, ethyl, &c., for an atom of hydro- 
gen are named according to the radicles which they contain ; thus ; 

Carbinol C OH H H H 

Methyl carbinol or Ethyl alcohol . . . . C OH H H CH* 

Ethyl carbinol or Propyl alcohol . . . . C OH H H (CH^CH*)' 

Dimethyl carbinol or Isopropyl alcohol . . . C OH H CH* CH* 

Propyl carbinol or Butyl alcohol . . . . C OH H H (CH^CH^CH*)' 

Isopropyl carbinol or Isobutyl alcohol . . . C OH H H [CH(CH>)*]' 

Methyl-ethyl carbinol or Secondary Butyl alcohol . G OH H CH* (CH*CH*)' 

C OH CH* CH» CH*. 


Methyl carbinol or Ethyl alcohol . . . . C OH H H CH* 

Ethyl carbinol or Propyl alcohol . . . . C OH H H (CH^CH*)' 

Dimethyl carbinol or Isopropyl alcohol . . . C OH H CH* CH* 

Propyl carbinol or Butyl alcohol . . . . C OH H H (CH^CH^CH*)' 

Isopropyl carbinol or Isobutyl alcohol . . . C OH H H [CH(CH>)*]' 

Methyl-ethyl carbinol or Secondary Butyl alcohol . G OH H CH* (GH*CH*)' 

Trimethyl carbinol or Tertiary Butyl alcohol . . C OH CH* GH* GH*. 

It will be observed that the four-carbon alcohol admits of four modifications, two 
primary, one secondary, and one tertiary. In like manner it will be found that the 
five-carbon alcohol admits of eight modifications, and the higher alcohols of a still 
greater number ; but only a few of these modifications are actually known. 

All the primary alcohols contjiin the group CH'-^OH, and are converted by oxidation 
into aldehydes and acids containing the same number of carbon-atoms ; thus : 

CH» CH» 

I I 

CH* + O = mo + GH* 

h4oH 0::=-(!;H. 

Propi’l alcohol. Propionic aldehyde. ^ 

cm GH* 


Dm + 


= H"0 + (l;i 


IPCOH ocon 

Propyl alcohol. Propionic acid. 

The secondary alcohols, on the other hand, contain two equivalents of alcohol- 
radicle combined with tlio group CHOH, and are converted by oxidatiozi- into ketones : 
e.g., 

GH* GH* 


HCOH + O = H^O + C<0 

(!jh* in* 

Isopropyl Acetone, 

alcohol. 

The tertiary alcohols contain three equivalents of alcohol-radicle associated with 
COH, and are converted by oxidation into two or more acids containing smaller 
numbers of carbon-atoms. 

Primary Alcohola.—The synthetic methods of forming the alcohols of the three 
classes are given in the article in vol. v. above referred to. The methods of building 
up the primary alcohols one from the other through the medium of the fatty acids 
and aldehydes are mentioned on p. 39 of this volume. The method depending on the 
action of nitrous acid on the corresponding amines (iii, 164) cannot for the present 
be retarded as perfectly general, inasmuch as it has not yet been found posmbla to 
prepare normal propyl alcohol by it (v. 888) (Linnemann, Ann, Ch. Pharm, cxliv. 129). 
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Unnoniaim finds, moreover, that the method proposed by HofVnann (conrersion of 
the base by excess of nitrous acid into the corresponding nitrous ether) does not yield 
good results, because the nitrous ether is produced in small quantity only, and is for the 
most part carried away by the nitrogen gas, which is evolved in great abundance. 
Better results are obtained by decomposing the nitrites of the amine-bases by applica- 
tion of heat to their slightly acidulated solutions. The best mode of proceeding is to 
prepare the nitrite of tlio amine-base by decomposing the hydrochloride with silver 
nitrite, filtering from silver chloride, and boiling the slightly acidulated filtrate in a 
distillatory apparatus. The decomposition takes place below the boiling heat, with 
formation of nitrogen, water, and an alcohol, and if the liquid is kept slightly acid, it is 
nearly complete. The formation of an alcohol in this process appears to be almost 
always accompanied by that of a nitrogenous substance. In one experiment, Innno- 
mann obtain^ from 15’6 grms. othylamine, 4 grms. of pure ethyl alcohol boiling 
between 78° and 79°, about 2 ^ms. of a neutral yellowish substance boiling at 170°- 
1 72 °, and having the composition and 1 grm. of a mixture of this substance 

with alcohol. 

Other recently discovered methods of forming the primary alcohols of this series 
are the following : 

o. By the action of nascent hydrogen (sodium amalgam and water applied in 
succession) on the corresponding acid oxides or anhydrides : o.g., 

(C*H>0)*0 + 4U* = H*0 + 2C*H*0 

Acetic oxide. Ethyl-alcohol. 

In like manner propionic oxide has boon converted into propyl alcohol (Linneraann, 
ZciUchr. f. Chem. [ 2 ] v. 143). 

/3. By the action of sodium amalgam on a mixture of a fatty acid with the corro- 
sjxmding chloride : thus acetic acid and acetic chloride yield ethyl alcohol. Propyl and 
butyl alcohol have boon prepared in a similar manner (Saytzeff, ibid. v. 661 ; vi. 
106). 

7 . According to Veiel, the fatty acids may be converted by oxidation with man- 
ganese dioxide and dilute sulphuric acid into compound others, from which the corre- 
siJtonding alcohols may be obtained. (See Acids, Okoanic, p. 40.) 

The alcohols produced by formcnbition, and those obtained from the paraffins or 
alcoholic hydrides, C"H***^*, by converting those hydrides into chlorides, the latter into 
acetates, and distilling the acetates w'ith potash, must bo regarded as primary 
alcohols, because they exhibit the essential character of those alcohols, viz. that of 
yielding by oxidation fatty acids and aldehydes containing the same number of carbon- 
atoms. 

The structure of the radicle in a primary alcohol may bo determined in some cases 
by that of the fatty acid produced from it. The first throe primary alcohols of the 
scries CII*(01I), CH^CIl^COH), and CII*CH‘'CH2(OH), admit of no modifications. 
Of the four-carbon alcohol, ns already observed, there are two modifications, viz. 
propyl-carhinol and isopropyl-carbinol (p. 62). The first of these is pro- 
duced, according to Schdyen {Ann, Ch. l*harm, exxx. 233), from diethyl, 
(butyl-hydride), by converting this compfmnd into the chloride and acetate as above 
described, and distilling the acetate with barium hydrate. The butylic alcohol thus 
obtained was converted by oxidation with potassium bichromate and sulphuric acid, 
into normal butyric or ethyl-acetic acid, CH*CH*CH*.CO*H (j>. 40): hence the 
alcohol itself has the composition of propyl-carbinol, €H*CH*CH*.CIi*OH. Liebon 
a. ]^> 8 si {Compt. rend. Ixviii. 1661) have lately obtained this same alcohol by the 
action of sodium amalgam 011 butyric aldehyde. 

Isopropyl carbino I, CH(CH*)*.CK*OH, is the variety of butyl alcohol found by 
Wurtz in the fusel-oil obtained by fermenting the molasses of beet-sugar (see v. 788, 
where it is designated as normal butylic or tetrylic alcohol). When oxidised in the 
manner above mentioned, it yields isobutyric or dimethyl-acetic acid, CH(CH*)*.COOH 
(p. 40). See, further, Butti. Compounds, in this volume. 

The primary 6-carb on or amyl alcohol, C*H**0 » C<H*.CH*OH, is susceptible 
of four modifications, accordingly as the radicle C^II* takes the form CII*CIi*CH^CH*, 
or CH*CH(CH*)*, or CH(CH*)(C*H‘), or C(CH*)». The first of these, or normal 
amyl alcohol, has quite recently been obtained from normal butyl alcohol by a synthe- 
ti<»l process to be described further on. The second, as shown by Krlenmeyer, is the 
wdinary amyl alcohol of fermentation ; and this again, as shown some years ago by 
Pasteur, exhibits two modifications closely resembUn^ one another in most of their 
properties, but differing in their relations to polarised light ; these however are probably 
only physical modifications of one and w same <^nucal compoimd -(eee AxYii 
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COMPOCNKS). The primary amyl alcohols containing the third and fourth of tho 
radicles above inontionod are not known. 

A primary hexyl alcohol, probably amyl carbinol, is obtain^ 

from sextane or hexyl hydride (from American petroleum) through the m^ium of the 
chloride in the manner already described. It has the odour of am^ alcohol and boils 
at 150^^, that is to say about 22® higher than amyl alcohol. By oxidation with 
chromic acid it yields caproic acid. The six-carbon alcohol found by Faget in a 
peculiar kind of fusel-oil (iii. 162) also yielded caproic acid, or an isomende, by oxidation, 
and tliorofore exhibited the essential character of a primary alcohol ; but there is not 
much known respecting it. 

Of primary h eptyl alcohols only the normal compound, or hexyl-carbinox, 
C^H^rCH-'OH, is known with certainty. It is obtained either by the action of sodium 
amalgam and water on cenanthylic aldehyde or cenanthol, C"H*®.COH, or from the 
septane or heptyl hydride, found in American petroleum. It boils at 164*6® 

(Schorlemnier). Faget obtained a seven-carbon alcohol from fusol-oil. 

A primary octyl alcohol, C’H‘^CH20H, is obtained from the octyl hydride of 
American petroleum, and another from the volatile oil of the seeds of Heracleum 
aphondyUum. (See Octyl Compounbs.) 

The higher alcohols of the series at present known all yield by oxidation 

acids containing the same numbers of carbon-atoms; they are therefore primary 
alcohols. 

Secondary Alcohols, — The lowest secondary alcohol of this series is 

isopropyl alcohol, (CJP)‘‘^.CIIOII, which is produced from acetone, (CH*)H:0, by 
the action of nascent hydrogen, and reconverted into that compound by oxidation with 
chromic acid (v. 889). It is obtained also })y several other synthetical processes (see 
PiiovYL Alcohols), among which the following may bo noticed in this place, as it is 
applicable also to the formation of other secondary alcohols. Grlycolic iodhydrin or 
othyleiio oxy iodide, C^K*1(011), treated with zinc-methyl yields a crystalline mass 

consisting of ’ thus: 

+ (Cn»)=^Zn = CIP + (oU^Zn)')*^' 


and 


C^^n'I 

.(CIPZn)' 


)] + (Cie)=Zn = Zne + 2 [(ch?5'I ' 


and this compound, when heated with water under pres.siiro, yields secondary propyl 
alcohol : 

(OnSn)'!® + + ZnHW. 

The propyl alcohol thus formed also yields acetone by oxidation (Butlerow a, 
Ossokin, Zeitschr, f. Chem. [2] iii. 680). 

The secondary 4-carbon or butyl alcohol, which has the composition of 
methyl-ethyl carbinol, (CH*)(C'Il*).CnOII, was discovered by De Lwynes, who 
obtained the corresponding iodide, (CI1*)(C-H*).CHI, by the action of hydriodic 
acid upon erythrito (v. 890). It is also produced synthetically by the second process 
above montioiied for the preparation of secondary propyl alcohol, using zinc-ethyl 
instead of zinc-methyl (Butlerow a. Ossokin) ; and by the successive action of 
zinc-ethyl and hydri(Klic acid on chlorinated ethyl oxide (Lieben). (See Butyl Com- 
pounds.) This alcohol boils at 95®-98® (about 10® lower than the normal primary 
alcohol), and when heated to 250® is for the most part resolved into water and 
butylene. 

Of secondary 5-carbon or amyl alcohols there may bo three modifications, 
viz,, 


fOIPCn«CH» 

C- 

I OH 

Propyl-methyl 

carbinol* 


JO] 
^ H 


OH» 


lOH 

Isopropyl-methyl 

carbinol. 


CH*CH* 

H 

OH 

Diethyl 

carbinol. 


The first two of these are known. The first is produced by the action of nascont 
hydrogen on propyl-methyl ketone or methyl-butyryl, Coj^^^ (Briedel), and by 
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deeomposing the hydriodide of isoamylene or ethjd-allvl, with moist silver 

oxide (Wurtz) ; the second in like manner from ordinary aimdoue : 

+ AgOH = Agl + C‘H“'.HOH. 

Both these alcohols aro distinguished by the facility with wliich they are resolved 
into amylene (or isoamylene) and water, and both yield ketones by oxidation. (See 
Amyl, Alcoiioi.8.) 

A secondary hexyl alcohol, probably consisting of isobutyl-methyl-carbinol, 
( CH*CH(CH>)* 


C 


CH* 

H 

OH 


, is produced from mannite, in the same manner as secon- 


dary butyl alcohol from erythrito (iii. 152). It resembles the two last-described 
compounds in the facility with which it is resolved iiiti> water and hexylene, and is 
converted by oxidation with the chromic acid mixture into a ketone, =* 

( CH-CHCCH*)* 

C \ CH’ , which, when further treated with the oxidising mixture, yields 

O 


isobutyric and acetic acids : hence the constitution of the alcohol is inferred. 

The three secondary alchols just doscrihod are sometimes regarded lus belonging to 
a peculiar class of alcohols designated by Wurtz as pseudo-alcohols, on account of 
the great facility with which they yield the corres|K)nding olefines, With 

reference to this character, they may indeed bo conveniently formulated as hydrates of 
olefines (a constitution formerly assigned by Dumas to all alcohols) and regarded os 
intermediate between the primary alcoliols and the glycols ; e.g., 


c‘U"(on) (C'H'tIou 

Primary amyl Secondary amyl A my lone 

alcoliol. alcohol. glycol. 

This character however is merely relative, inasmuch as any alcohol may be resolved 
without much difficulty into water an<l the corresponding olefine, the facility with 
which the change takes place appearing to increase with the complexity of the mole- 
cule. There does not therefore appear to bo any sufficient reason for erecting those 
alcohols into a distinct class, more especial I3’ as Wurtz’s pseudo-amyl alcohol and the 
/8-hexyl alcohol obbiined from mannite — which, from its mcKlo of formation, is 
ovithaitly tlie true homologue of the butyl alcohol obUiined from erythrite — exhibit 
the essential character of secondary alcohols, namely, that of yielding ketones by 
oxidation. 

Secondary octyl alcohol or mothyl-hexyl carbinol, C*H'’0 ■■ 
, is the alcohol produced by heating sodium ricinoloate (castor-oil soap) 

(oh 

with excess of alloiline hydrate (iv. 170). It l>oils at 181®, and when oxidised with, 
the chromic acid mixture yields methyl-hexyl ketone : 


(OH*’ 

OH‘’0 = (COy'l^^i or cjcH- . 

By the prolonged action of the oxidising mixture this ketone is ftxrther oxidised 
to caproic acid and acetic acid : 

C’H‘’0 + O* = OII'W + OII’O*. 


These reactions show that the castor-oil alcohol is a secondary alcohol (Schorlem- 
mer, Proc. Roy. Soc. xvi, 376). Moreover, by converting it into the corresponding 
iodide, OH'T, and treating this iodide with zinc-turnings and }iydrcx*hloric acid, a 
hydrocarbon, C’H*’, is obhiined which boils at 124®. Now Schorlcmmer has shown, 
by considerations for which we must refer to the articles HYrnwiCAimoNS in this 
volume, that a hydrocarbon C*H'’ boiling at this temperature most probably contains 
one atom of ^ carbon combined directly with three other carbon-atoms. The alcohol 
from which it is obtained in the manner just described will have a similar structnrst 
and may therefore be represented by the formula 


8up^ 


H H H H H 

H’C— (i— C — U-(i( 

ii it Ji 


CH’ 


^CH’ 

F 


( CH*CH*CH*CH(CH»)^ 

\OH 
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Tertiary Alcohols. Tho known compounds of this group contain 

four, five, and six atoms of carbon. 

Tertiary butyl alcohol or trimethyl carbinol, , is produced 

by heating zinc-methyl with carbohyl chloride (phosgene) or with acetyl chloride, and 
submitting the product to tiio action of water : 


2COCP + Zn(CH*)* 

Carbonyl 

chloride. 


= ZnCl* + 2COCH*Cl 


Acetyl 

chloride. 


COCIPCl + Zn(CH*)* 

Acetyl 

chloride. 


ZnO .cjgjH*)* 

Trlmethyl- 

chlorometbane. 


C + H’O - HCl + 

Trimethyl Trixnethyl 

chloroinethane. carbinol. 

According to Butlerow {Bull. Soc. Chim. [2] viii. 268), it is contained in the 
commercial butylic alcohol, prepared at Wyl, Canton St. Gall, and is therefore also & 
protluct of fermentation. 

The properties of the alcohol have not been much studied. By oxidation with 
dilute chromic acid it is converted into formic and propionic acids : 

-K 0* = CH^O* + c“n«o* + H^O. 


A tertiary amyl alcohol or d i me thyl-etliyl carbinol, C(CII^)®(C^II*).OH, 
is produced in like manner by means of zinc-methyl and propionyl chloride. 

Of tertiary hexyl alcohols there may be three varieties, viz., 

‘ H 



fCH* 

f CH2CH=CH» 

c 

\(cm^y c 

(cn*)* C- 


[OH 

[on: 


Methyl- diethyl 
carbinol. 


Propyl-dimethyl 

carbinol. 


laopropyl-dlraethyl 

carbinol. 


The third has not yet been obtained. The first is prepared by treating zinc-ethyl 
with acetyl chloride and decomposing the resulting mothyl-diethyl-chlorethane, 
(C1I» 

C \ (C“H“)® , with water ; the second by proceeding in like manner with zinc-ethyl and 
I Cl 

butyryl chloride, C0(C''H^)C1. 


j3. Mon atomic A.lcoliols. C^Il^O. — Two alcohols of this series are 

known, viz., 

Vinyl alcohol, C^H^O - C*H»(OH) 

Allyl alcohol, C*II«0 = C»n‘(OH). 

The first, discovered by Berthelot in 1860 {Compt. rend. 1. 805), is produced by 
combining ethine or acetylene with sulphuric acid, and distilling the product with 
water, just as in the preparation of ethyl alcohol from ethylene : 

SO^HH + C^H* - SO^n(C2II») 

Sulphuric Ethine. Vinyl- sulphuric 
acid. acid. 

mm { cm ^) + hoh = so^hh + c*h*(oh) 

Vlnyl-snlphurlo Water. Sulphuric Vinyl 

acid. acid. alcohol. 

It is an easily decomposible liquid, having a highly pungent odour, somewhat more 
volatile than water, soluble in 10 to 16 parts of that liquid, and precipitated from the 
solution by potassium carbonate. Its chemical reactions have not been much examined, 
but it is probably an unsaturated secondary alcohol, represented by the formula 

I , the dots denoting unsaturated atomicities. It is isomeric with acetic 
• CHOH 

aldehyde and ethylene oxide. The univalent radicle vinyl, C®H*, which may be 
supposed to exist in it, is related to the tri valent radicle ethenyl, in the same mannei* 
as allyl to propenyl. 
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Allyl alcohol, C*1I®0, is a primary alcohol, yielding acrolein, and 

acrylic acid, by oxidation. It is moreover an unsaturated compound, being 

capable of taking up 2 atoms of bromine and forming the compound C*H^Bp*0 : 
^ • CH=* 

honco it may be represented by the formula * CII . All its derivatives are like- 

iiTOii 

wise unsaturated compounds, capable of biking up 2 atoms of chlorine, bromine, or 
other monatomic elements, and passing into glyceryl compounds. 

y. imonatomio Jklcoliols. — Only one alcohol of this series is known, 

viz. camp hoi, ; of this however there are four moditications, which appear 

to be, not metameric, that is to say distinguislu-d by dilTerent arrangements of the 
atoms within the molecule, but only physically isomeric, that is differing from on© 
another by the arrangement of tlio moleeules amongst themselves. They differ in 
fact by physical, not by chemical characters. One variety, called bornool or Borneo 
camplior, found in cavities in the trunks of old trees of Dri/abtilanops caniphora^ has 
a dextro-gyrate power of 31*1° ; a socfind, produced by the act ion of alcoholic potash on 
common camphor, luis a dextro-gyrate jiower of 44 9° ; a third, obtained by ilistdling 
amber w'ith potash, has a d(‘Xtro-gyrate power of 4.5°; and a fourth, called lievo- 
camp ho I, found in the alcohol priRlucod in the fermentation of sugair from madder- 
root, lias a lievo-gyratc power of 33*4°, equal and opposite to that of borneol (i. 626, 
726 ). 

5. nConatomlo ikloobola. C"II®'‘-®0. — These alcohols are derived from the 
aromatic hydrocarbons, OH-"”*, namely, benzene and its homologucs, in the same 
manner as the fatty alcohobs, C"!!-'"'*’"!!, from the parnfhns. The lowest number of the 
scries, corresponding to benzer e, CTT*’, has tln'rolon; the comj^osition or C^IPOH. 

This is tile Itody called jyhenol or phenol alcohol; it is the only alcoliol of the series 
containing 6 atoms of carbon. The higher alcohols of the serie.s admit of isomeric 
nio<liflcations : for every hydrocarbon homologous with benzene njay bo regarded as a 
conipoumt of phenyl, with one or more ulcohol-rmliclos of the series and 

the formation of an alctdiol from such a hydrocarbon by substitution of OH for H 
may take place either in the phenyl-al-om or in one of the alcohol-radicles combined 
with it: thus from toluene, may be obtained the two alcoholic bodies, 

C«H»,CIPOII C«IP(On).CH» 

Benzyl alcohol, Cresol; 

and the higher hydrocarbons of the series are capable of yielding a still greater number 
of motivmeric alcoholic compouruls. The properties of the compounds thus formed 
differ considerably accordingly as the hydroxyl is introduce<l into the phenyl, or into 
one of the associate^i alcohol-radicles. The compounds formed in the latter case — benzyl 
alcohol for example — are true alcohols, analogous in all their reactions to the fatty 
alcolmls ; but those in which the hydroxyl rephicos a hydn^gen atom in the phenyl 
group possess very different properties, the hydrogen of the hydroxyl being much 
less readily replaced by other radicles than in their isomeridos. These bodies aro 
called by the generic name of phenols. (See Abohatic Seuibs in this volume; also 
Dictionary, v. 852.) 

Monatomic AJoolioLi* — Two only of those bo<lies aro known, viz. 

cinnyl alcohol, styryl alcohol, or sty rone, and cholestorin, C**H*^0 

(i. 925, 992). 


Diatomic Alcoiioi.8. 

These alcohols are derived from saturated hydrocarbons, by substitution of two 
equivalents of hydroxyl for two atoms of hydrogen, and may therefore be regarded as 
compounds of bivalent alcohol-radiclcs with hydroxyl. Two series of them are known, 
the first, called glycols, being derived from the paraffins, OH**+*; the second, called 
diatomic phenols, from the aromatic hydrocarbons, •. 

Olycol*. OH**^*0* (OH^*)" I The following table exhibits the fiamw 

and formulas of the glycols at present known, together with their boiling points : 

V 2 
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Ethylene alcohol, C^IP O* 
Propylene alcohol, 0^11“ 
Putylcno alcohol, 


= c^n'(oii)2 

= C“lI'‘(OIl)2 
= C‘TP(OII)2 


Amyloiie alcohol,' C'^H'W ^ C»ll>‘>(OII)^ 
Hoxvlcno alcohol, C'^IP’O* = 


Boiling point 
197*5® 
188®-1890 
183^-184° 
177° 

207° 

235°-240° 


Hoxvlcne alcohol, Cni'’0= = mV^Ollf 

Octylene alcohol, = G**lI“*(OIi)^ 

The fflycoLs arc colourless, inodorous, more or less viscid liquids, easily soluble in 
water sind in alcolv>l ; ethylene alcohol is bub sparingly soluble in ether, the rest dis- 
solves easily in that liquid. , . , , , i -i -j. i i , 

The boiling point. s of the first four glycols in the table exhibit the singular anomaly 
of becoming lower as the molecular weight of the compound increases, whereas the 
six- and oight-carhon glycols have higher boiling points. This anomaly doubtless 
arises from difthrerico of constitution in tlio successive terms of the senes. Thus 

enroll 

ethylene glycol has the constitution ! , and propylene glycol might be repre- 

rented by either of the formiihe: 

ciPOH cn> 




moil 


I 


CH-OTI enroll 

Now the first of these is the true homologuo of etliyleno glycol ; but the actually 
known propylene glycol appoar.s to have tlio const.itution represented by the second 
formula, inasmuch as it is converted by oxidatiou into ordinary lactic acid, which has 

CH* 

the constitution tiilOII, (See Lactic Acid.) 

iooir 

Of the six-carbon glycol, two modifications have been obtained by 

Wurtz (An?t. Ch. Phys. [4] iii. 122), viz. normal hexylene glycol, OTI*2(OII)^ 
CIPOH 

or probably , produced by combining lioxylono, (from mannito or from 

LiPOU 

American petroleum), with 2 at. bromine, converting the resulting bromide into an 
acetate, and distilling this compound with potash; the second, called diallyl- 
dihydrato or pseudo-hoxylono glycol, by distilling diallyl-dihydriodide with 
potash. (See Allyl-Gomi’ounds.) 

Ii*C CIPX H®C CH^OH 


H 

-H 


+ 2KOH = 2ia + 


U 

-H 


H*0 CHH 

Dittllyl-dihydrioUido. 


II^C CH^OH 

Diallyl-dihydrato. 


or + 2KOH = 2X1 + 

Both these compounds are syrupy liquids, the first boiling at 207°, or 30® higher 
than aniylene glycol ; the second at 215®. Wlien lieated with concentrated hydriodic 
acid, they yield different products, as shown by tlio following equations : 

C"H'".(0H)'* -I- 3HI - + P 

and 

C«H>o.H=(On)2 + 2HI = + 2H*0. 

The chemical reactions of the glycols are, for the most part, similar to those of 
the monatomic alcohols ; but inasmuch as the glycols contain 2 atoms of replaceable 
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hydrogen, or of hydroxyl, the reactions generally take place by two stages, yielding 
two series of products. ^ 

1. Ethylene alcohol treated with nitric acid gives up 2 or 4 atoms of hydrogen in 
exchange for oxygen, and is converted into glycoltic or oxalic acid, accortlingly 
as the action takes place at ordinary or at higher temperatures : 


CH^OH 


I 


Olycol. 

CH-'OH 

I 

ETPOK 

Glycol. 


+ O* = H^O + 


cir^oH 


+ = 2II20 + 


cooir 

Qlycollic acid. 

COOH 


COOK 

Oxalic acid. 


the corresponding aldohydos are also produced, as 
glyoxal, from ethylene alcohol, by removal of 4 hydrogen -atoms without sub- 

stitution. 

Propylene glycol, C’IPO^ is converted into lactic aci<l, by oxidation in 

contact with h!ack. When heated with dilute nitric acid, it yields glycollic 

acid C“IPO», losing carbon ns well as hydrogen ; and concentrated nitric acid oxidises 
It still further to oxalic acid. Butylene glycol, is converted by slow oxidation 

with m/r^c«c^^iiilo oxybiityric acid, C'HW, and when the action is accelerated by 
heat, into oxalic and. Amylcne glycol likewise yields oxybutyric acid by slow oxida- 
tion with nitric acid, ^ j 

Otlier r).r?/yc«.anaf.s‘ heated with the glycols in closed vessels act upon them in tho 
same manner as on the monatomic aIc<*hols, forming compound ethers, monoacid or 
(iiand aceortling to the pnipor^ In tho diacid glycol-otbors, the two acid 

radicles by winch tho typic hydrogen is replaced may either bo tho same or different: 


}()]£ 

Ethylene ^^lycol, 

ton 


- IfOCaP’O 

AccUc ftcKl. 


Monoacetate. 




(OH 

) OCHPO 

Monoacetate. 
Tile haldid acids act in tho 
beyond the first stage ; o.g., 


Ethylene niouoacotato. 

OCHPO 

, OC'^U^O 

Diacetate. 


JPO 


n-0 + c«ip 


+ irocipo 

Bntyric acid. 


II-O + 


CTpJOCBPO 

JOCHI'O 

Bntyro-acotato. 


manner, excepting that tho reaction never goes 


CTI-jO” + HCl = leo + 

Ethylene alcohol. Ethylene mono- 

. chlorohydrate. 

The dichloTinatod, dibrominatod others, &c., of tho diatomic alcohol -radicles are 
rhosphoro™“o.g^^ ® ^ ‘'’® <=’’'‘"•’<1®“- i«.d iodidM of 

C=H<(OH)2 + 2PC1‘ = 2PC1*0 + 2IICI + CPH'CI’. 
and iXrwdh co-Wn«tion of chlorine, bromine 

P’^obfominated ethers, &c., of tho glTcolB,when treated with 

l-e thro^d^i’of 

(C»H«)”|g'j _ HCl + (C*H*)<0 

Btbykine oxide, 

EthyUne oxide is isomeric with acetic aldehyde and with rinyl alcohol (p. 66). 

■ CH* • CH« 

It i> di f 

tori «»eK:f (a w’? ^ ammooia« with wdiich it 

^u. an of which are syrupy liquids, whereas aldehyde forms 


CH» 

u. 
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^th ammonia a crystalline c^ys^-UUne 

comiSiiX wit‘h the IcfreurphitcsT the aCli-metals. a property not possessed by 

The oxveen-et hers of the higher glycols are not much known, hut they appear to bo 
less disposal to conil.ino with water and with acids as their molwnles Wme 
tCs amyleno oxide does not appear to reproduce aniyleno alcoliol by combination 

with water. 

2. Diatomic Pbenoltf. There are seven known compounds included 

in this general formula, viz., 

Oxyphenol or Pyrociitechin C«H*0* 


Resorcin 
Hydrotiuinone 
Orcin ? 

Ouaiacol (in part) J 
Creosol 1 
Veratrol >• 
BeUi-orcin ) 


C^H*0* 


For their characters and modes of formation, see Aromatic Series. 


Tkiatomic Alcohols. 

Tlieso compounds^ of which only a small number have yet been obtained, are derived 
from saturated hydrocarbons by substitution of 3 equivalents of hydroxyl for 3 at. 
hydrogen, and ma} tb(n*ef(U’c bo regarded as compounds of triatomic alcohol-radicles 
with 3 tHpii viilonts of liydroxyl. 

Of triatomic alcohols derived from the paraffins, ojj|y two are at present 

known, viz. proponyl alcohol or glycerin, CTIW, derived from propane or 
propyl hydride, C=*K", and quintenylalcoholoramyl-glycorin, C^H’ ^0^ from 
quiutane or amyl hydride, 


CH» 

CH^Olt 

cn» 

1 

cn^oH 

1 

CH» 

1 

CHOH 

1 

(CIP)« 

(CHon)« 

d’H" 

CTTH9lt 

j 

clt* 

Ijh^oh 

Propane. 

ProjK-nyl alcohol. 

Quiutane. 

Quintenyl alcohol. 

Glvcorin is 

Oxidised by strong nitric 

acid, yielding 

glyceric acid, C*H‘ 


«= CHHTiT.tTlOK.lX)!)!!, which is related to glycerin in the same manner as gly- 
collic acid to glycol, or acetic acid to alcohol. The formula of glycerin indicates the 
possibility of effecting a second substitution of the same kinds which would yield the 
acid C=‘n*0'‘; Init this acid has not boon actually obtained. By a mixture of strong 
nitric and sulphuric acids, glycerin is converted into the highly explosive compound 
nitroglycerin, C^I1*(N0“)-T)*, which is in reality propenyl trinitrat/O. 

Other oxygen-acids, especially organic acids, heated with glycerin in various pro- 
portions, convert it into cornponnd ethers or glycerides, in wdiich 1, 2 or 3 atoms 
of typic hydrogen ai*ti replaced by the radicle of tlio acid. H^alrochloric and hydro- 
bromic acids act in the same manner, excepting that the toaction .always stops at the 
second stage, just as in the action of these acids upon the glycols it stopc at the first 
stage (p. (19) ; thus with hydna-liloric acid glycerin forms monochlorhydrin, 

and dichlothydrin, Vitit not trichlorhydrin, C*H*CP. The 

chlorides and bromideB of phosphorus act upon glycerin in the same manner as 
hydrochloric and hydrobroniic acids, l»ut their action goes on to the third stage, 
forming trichlorhydrin and tribromhydrin. Iodide of phosphorus acta in a totally 
different manner, forming icKlopropyloiio or allyl iodide, C*H*I. 

The formation and properties of the glycerin-ethers or glycerides, and of the glycidic 
ethers formed fTOm the chlorhydrins and bromhydrine by abstraction of the elements 
of hydrochloric or hydrobromic acid, are fully described in the articles Glycrbides 
end Glycidic Etheus (ii. 877, 896). 

Polyglycorins, analogous to the polyothylenic alcohols, and consisting of two or 
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more molecules of glycerin united into a single molecule, with elimination of a number 
of water-molecules less by one than the number of glycerin-molecules which combine 
together, have also been described (ii. 894). Their constitution may be represented 
by the following general equation : 

The atomicity of the resulting polyglycerin (determined by the number of equivalents 
of hydroxyl contained in it) is n + 2. 

Quintenjjri alcohol or Amyl glycerin, = (C*H")""(OH)*, is formed 

from dibromide of bromoquintene or bromamylene, C^H^Br.Tlr*, or quintenyl bromide^ 
C'H’Br*, by the series of processes represented in the following equations : 

C»H»Br> + 2Ag0C*n>0 = 2AgBr + (C*H*) " | 

Quintenyl Silver acetate. Silver Quintenyl dlaoeto- 

bromide. bromide. bromhydWn. 

+ 2KOH = 2K0C’'H*0 + 

Quintenyl diaceto* Potasalum Potasnium Quintenyl 

bromhydrin. hydrate, acetate. bromhydrin* 

+ KOH = KBr + (C»H')"'(OH)‘ 

Quintenyl Quintenyl 

bromhydrin. aloohol. 

Quintenyl alwdiol is a thick colourless liquid, having a sweet aromatic taste, and 
soluble in water (Bauer, Zeitschi*i/l Jur Chem, u. Vhamx, 1861, p. 673). 

Triatomic Phenols. — There are three compounds represented by the 

formula C*H*0*, and exhibiting a certain relationship to the phenols ; these are J 
1. Pyrogallol or py rogalli c acid, formed from gallic (dioxysalicylic) acid, in the 
same manner as oxyphenol from oxysalicylic acid and phenol from salicylic acid S 
C’lPO* =* CO* + ; 2. Phloroglucin, produced from phlorizin, a crystal- 

line substance existing in the root-bark of the apple, pear, plum and cherry trees ; 
and 3. F rangu 1 i n, a yellow crj'stalli sable substance existing in the bmrk,of Rkamnns 
frangula (ii. 706). The last two form explosive substitution-products with nitric 
acid ; phlorizin and pyrogallol form substitution-produets with bromine. 


Tetratomic Alcohols. 

The only tetratomic alcohols at present known are erythrite, ©fy thromannite* 
orphycito, C*H*®0* = (O^H*)'’'(OH)^, a saccharine substjinee existing in /V«)i{ac<?cvws 

Wffrtris Ov. 604); and propy Iphyci to or tri tyl-phyci te. C*H"0< « 

' P^oflueed by combining epichlorhydrin, C^JPOCl, with hypochlorous 

acub liCIO, treating the resulting dichlorhydrin of propylphycite, (C*H^)^Cl*(OH)*, 
acetate, whereby it is converted into the corresponding diacetin, 
heating this diacetin with aqueous potash (v. 898). 

These two alcohols are of decidedly saccharine character, and form explosive nitro- 
comj^unds. They contain 4 atoms of hydrogen, replaceable by acid or alcoholic 
radicles, TO as to form ethers; but two of these hytlit^en-atoms are more easily 
repia^ble than the other two, probably those which in the following fonnultt are 
contained in the hydroxyl belonging to the two groups CH*OH : 

CH*OH ClI*OH 

fioioH 




!H>OH 


<!:hoh 
ifiOH 
in'ott 


Propriphycif*. fcythrite, 

ly combination of Um totradd oUim 
n itn two molwoles of l¥ee acid, e.g. erythritic heabenaoato 
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Pentatomic Alcohols. 


Pin i to and qncrcito, two saechariiio bodies hjunng the composition 
probably-belong to this clsss of bodies, inasmuch as they form others when trmted 
^ith acids, ami the atomicity of an almhol ts equal to 

which it contoins. Pinito forms two benzoic others, viz. C“H’(OC H 0)''(0H) and 


Hexatomic Alcohols. 


This class of compounds includes mest of the saccharine substances found in plants, 
and others produced from them by artificial Iransformation. Two of the natural 
sugars, man nite and du lei to, having the composition C^H'W or (C«n*)’‘(()H)*, 
are saturated hexatomic alcohols derived from the satiiratod hydn)carhon, Several 

others, ciillcd glucoses, contain (ril'H)«; that is to say, 2 atoms of hydrogen less 
than mannito and dulcite, and may therefore bo regarded— so far as composition is 
concerned — as the aldehydes of these alcohols ; ordinary glucose (grape-sugar) is, in 
fact, converted into mannite by the action of nascent hydrogen, just as acetic aldehyde, 
C^H^O, is converted into common alcohol, Further, there are diglucosic 

alcohols, C‘“IP®0"( = 2C'*H''^0'* — H-O), related to the glucoses in the same 
manner as diethylene-alcohol to glycol, or diglycoriii to glycerin : the most import:int 
of these are cane-sugar and milk-sugar ; and, lastly, there are certtiin vcgctablo 
products —viz. starch, cellulose, and a few others, represented by the formula 
(mostly which may bo i‘cgarded as the oxygen-ethers or aiihy- 

drides of the glucoses, oi* rather of polyglucosic alcohols, from which indeed they differ 
by the elements of a molecule of water. 

Mannite, = (C"iI*)’*(OH)®, the essential constituent of manna, is formed 

artificially by treating a solution of glucose with sodium amalgam, C®H'“0“ + H* 
= The same transfofmation of glucose takes place under the influence of 

certain ferments. 

By oxidation with platinum-black, mannito is converted into mannitic acid, C®II**0^ 
and mannitoso, C®H''‘'0*, a sugar isomeric with glucose ; and by oxidation with nitric 
acid, into saccharic acid, and Anally into oxalic aci<l. Mannitic and saccharic 

acids are related tx^ mannito in the same manner as glycollic and oxalic acids to glycol, 
as shown by the following formulie ; 


CH^on 

((!;hoh)® 

^mon 

Mannite. 


CH*OH 

(cnou)‘ 

COOH 

Maiuiilic acid. 


COOH 

i 

(CHOH)* 

COOH 
Saccharic acid. 


For the other reactions of manilite, see vol. iii. p. 823. 

Dulcite, obtivined from Me/m?tp^rHm ne?norosuin, and from a ci^stalline substance 
of unknown origin imported from Madagascar, resembles mannite in most of its 
chemical relations, but differs from itiri solubility, in crystalline form, and in yielding by 
oxidation with nitric ncid, not saccharic acid, btit the isomeric compound mucic acid. 

Iso dulcite, a succharino substance obtained, according to Hlasiwetz and 
Pfaundler (v. 465), by the action of dilute acid on quercitrin, forms large crystals 
having the same cximpoBition as mannite and dulcite, but giving off 1 molecule of 
water at 105'^-! 10°, 

Witli fuming nitric acid, all throe of these substances yield nitric ethers of a 
more or loss explosive charsictor. Niframannitey C®H®(N0*)'*0“, explodes violently by 
percussion, or when suddenly boated ; hexnitrodvJcU(\ C“II’‘(N0*)‘‘0*, gives off nitrous 
fumes wliGii lieatoil, but does not eMlfnle, and is slowly converted at ortlinary 
tem^ratures into tetra-nitrodulcitey C*H'*(N0-)<0®. liitro-isodulcitey C®H"(N0*)*0*, 
is slightly explosive. 

The glucoses C*H’*0*, as already observed, are related in composition to the 
saturated hexatomic alcohols in the same manner as aldehydes to alcohols, and may 
be converted into the saturated alcohols by the action of nascent hydrogen. But they 
exhibit the characteristic property of alcohols, in forming ethers by combination with 
acids and elimination of water. They are at Once poly-alcohols and aldehydes, just as 
lactic acid is half alcohol and half acid. The following varieties of glucose are known : 

1, Ordinary ylucose, produced by hydration of starch under the influence of dilute 
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adds or of diastase, and existing ready-formed, together with other kinds of sugar, in 
honey and various fruits, especially in grapes, and alone in diabetic urine. 

2. Maltose^ produced by tlio limited action of diastase on starch, and differing from 
glucose only in its optical rohitory power. 

3. Levulosp^ existing in cane-sugar whicli has been acted upon by acids, and obtained 
pure by the Jiction of dilute acids upon the variety of starch called inulin. 

4 . Mannitose, produced by oxidation of mannite. 

6. Galactose., form 0 <l by the action of acids on milk-sugar. 

6. Inosite, existing in muscular flesh. 

7. Sorbin, obtained from mountain-ash berries. 

8. Eitcalyn, existing, together with another kind of sugar, in the so-called Austra- 
lian manna. 

The first four of these gUic/>ses exhibit Init very slight <livcrsity in their chemical 
properties, differing chiefly indcctl in their action on polarised light, an<l a few other 
physical properties. They all yield saccharic acid by oxi<Iation. Galactose differs 
from them in yielding mucic acid when oxidisetl. Inosito, sorbin, and eucidyn exhibit 
still greater differences in their chemical properties, especially in not Being fermentable 
except under very peculiar circumsUinces, whereas the five other; glucoses undergo 
vinous fermcnUition when placed under ccrUiin conditions in contact with yeast. 

All the glucoses, except inosite, are decoinp)8od by boiling with aqueous alkalis ; 
this property distinguishes them from mannite and dulcito. Tliey are not carboniswl 
by strong sulphuric acid at ordinary temperatures. When boilcxl with a solution of 
potfjssio-cupric tartrate, they throw down the copper in the form of rod cupr<ms oxide. 

Ghicosates or Glucosidrs . — When ordinary glucose is heated to 100^-120° for fifty 
or sixty hours with acetic, butyric, stearic, benzoic, and other organic acids, the two 
unite, with elimination of wat^jr, and compound-others called gluc^osates are formed, 
anah>gous to the mannitanates, A num1)er of these artificial ghicosates have been 
prepare<l by Ilorthelot, who regards them as derivatives of gfneosan, because 

when heated with alkalis they yield glucosan, not glucose. Tlius, there is a glucoso- 
butyric ether to which Borthclot a8.sign8 the formula (M1'*(C^1P0)*0*, and an acetic 
other, which he roganls as hexaceto-glucosaii, ; but they are merely 

oily liquids which are very difficult to obtain pure, and therefore their analyses are 
not much to bo depended <m. 

The nat\iral ghicosates, many of which constitute the neutral hitter principles of the 
vegetable kingdom, have a similar constitution. None of them have been prepared 
artificially ; but they are all resolved by boiling with dilute acids into glucose and 
some other compound (see vol. pp. 865 872). 

The polyglucosic alcohols, including cane-sugar and other bodies more or loss 
resembling it, may bo rogarde^I as fornie<l by the c<jmbination of two or more molecules 
of glucose, with elimination of a number of wator-raolocules less by one tlian the 
number of glucose molecules which enter into the combination ; thus : 

2C''H**0* - II^O = Diglucosic alcohol. 

- 2H«0 = Triplueosic alwffiol. 

generally: 1)H»0 = 

The only known alcohols of this group are diglucosic alcohols, ; but 

starch, cellulose, and other neutral plant-constituents may Im regarded as the oxygen- 
ethers or anhydrides of polyghicxisic alcohols of higher orders. 

The known diglucosic alcohols are the following : 

1. Cane-sugar or saccharose, widely diffiiscd in the vegetable kingdom, and existing 
in particular abundance in the sugar-cane and in beet-root. 

2. Parasaecharose, produced, according to Jodin (v. 473), by a peculiar 8pontaneou4 
fermentation of cane-sugar. 

3. MelUose, from the manna of various species'of Eucalyptus. 

4 . Mdezitose, from the matina of Larix europaa. 

6. Trehalose, from Trehala manna, and from a species of Echinops growing in th« 
East ; and Mycose, perhaps identical with it, ftota ergot of rye. 

6. Milk-sugar, lactin, or lactose, from milk. 

7. Chim, a widely dififfised constituent of plants, exhibiting several rarietiei, which 
differ considerably in physical properties, solubility, 

The anhydrides of the polyglucosic alcohols, derived fiiOni these eompoiiiidi 
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by elimination of a single molecule of water, are all polymeric one with another, as 
shown by the following equations : 


generally : 


Q«JJ. 2()6 

Glucose. 

c‘ni“0” 

Diglncosic 
alcohol. 
C'«H’ 2 QI« 

Trighicosio 
alcohol. 
Q«nJj2^3n + l^Q5n + I 


- 


2C®H*®0* 


H^O * SC'HioO* 




. - H^O _ 

The known bo<lies of this group are starch, dextrin, cellulose, inulinfrom 
dahlm tuhors and gljcogon, obtained from the livers of animals, and entering 
Jargcly intx) the composition of most of the tissues of the emhiyo (n. 906) ^ 

Starch and cellulose appear to consist of That jen^h ’ ic ; 

formula of atarch ap^a^^rom the umuuer iLLch ^ 

doxtrm and glucoso by the action of dilute acids or of diastase It ZT^irW 

mippoBod that, m the action of acids or of diastase utwn st^ch thl Z t 

converted inU> dextrin by a mere alteration of physical stoucturc and fha/lb^ 

then takes up the elements of witcr, and is into Tle ,W. the dextrin 

<if the process occupying a much lonmir time t . *‘“8® 

moiito by Musculus {Ccmples rendns, 1. 785 ; li'v 194 74^1 “*00^ 

[4J vi. 177), it appears (hat both dextrin and gluco^ ’are pnSucM^tPJJ*' = 
moneement of the reaction, and always in the proportion of Tmoll,?! f 

C^H^O'* + H=0 = C«H'*0« + 2C*H>"0> 

axT, *j Starch. Glucose, Dextrin 

Wnon the conversion is effected bv a ‘if<ifl +11x4 ♦ o 

That cellulose consists also o^ nnne'irs « i x*. x- 

(pyroxylins) which it yields under thu r x 

of nitric ani sulphuric imi'ls tW “"'"'’S "".t c acid and a mixture 

results) by the formulm- *''*^7**r 7'* Uadow’s 

(iv. 777). Jl (JNU ) y (trinitTocellulose or gun-cotton). See Pyaoivun 

-li- -id (- 

A ixn + H"0 = 2IIBr + 

(CarstanVTTpr'‘’&!"?Jt“jti^””^^^ B^th ^7®“'’"' J«>™anganat 
current on a mixture of 100 pts absolute alT^h^f the action of a powerful electri 
1 pt. potassium hydrate, livd^nteii bcinp at7ho . ** ®tro"e e«lphurio acid 0 

s;.‘r foSid. ,Xin{ 

UP CJJ, 


(J). 


( 2 ). 


HCOII + hOH r 

(iooit 

Lactic aciC. 

CH» CH» 


HCOH + HCOOH 
<!)h 

Glycol. Formic add. 


HCOH a HCO + HOH 

fin 

Glycol. Aldehyde. 
(Erlenmoyer, Zeihsehr,/, Chem. [2] iv. ;j43). 
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Pure aWeliyde heated to 160“ for a hundred hours in a sealed tnhe is resolved 
wthoiit formation of ;^as, into wator, and a resinous product whioli is a inivture of 
hydrocarbons polymeric with acetylene. A small quantity of uUhjUoI is f in.otl »t 
the same time, together with an acid, probably acetic acid : 2C*H^O + 

+ (Berthelot, Compt. rend, Ivi. 703). 

Vapour of aldehyde passed over heat^ quicklime yields, together with gnsc.s, a 
liquid distillate, consisting of acetone and other ketones richer in carbon (Schlo;- 
milch, Zeitschr.f, Chem. [2] v. 336). 

Aldehyde treated with hi/driodic add at high temperatures yields ethane, 0*11", 
together with water and free iodine: + 4lll = C'll** + + 21- (Borthel t, 

Bidl. Soc. Chhn. [2] vii. 69). 

Aldehyde exposed for six months to the action of a s»)Iutjon of a?// mom a in absolute 
alcohol forms a brownish liquid, which when distilled gives off ammonia and a 
volatile base, C^H^N. Tlio rosuhto is resijtous, :iiu{ wiioti puri/ithl forms n ydlow 
powder which combines with tirHs, find has the composition of t riotbvlonv-diniuino, 
N^(C‘ir*)^. It is decomposed by water and acids, in the mannor reprosontod by tho 
equation : 

C«H'2N2.2HC1 + H'O = NH^Cl + C-H"N0.HCl. 

Tlio new base, C®H'*NO, which is amorplioius, yellow, and soluble in water, is a 
tertiary monamino, and is likewise fi>rnie<l when an alcoholic solution of aldehyde- 
ammonia containing excess of aldeliydo is exposed to a temperature of 60°-60° ; 

fCTI^OH 

nJh + 2CTPO = 2II-0 + N-^C»JP 

[n 

.A.l(loh 3 '(le- Aldehyde. New base* 

ammonia. 

When aldehyde is decomposed T)V ammonia at 100*^, two other bases are formed, 
viz. C’'*H‘‘^NO and C”IL'®NO, which are |)rohal)ly constituted similarly to tho base 
CIli'NO (II. Schiff, Bu/l. Soc. ailm.. [2J viii. 413). 

Aldehyde heated to lOO'^ with strong solutions of curtain neutral salts, as formate or 
acebite of potassium, is converted into vinyl oxide, C^IPO = 2C^I1*0 — II'^O 
(Lic'bon, Rep. Chim. 1861, p. 190). 

Aldehyde (2 mol.) treated with ammonium enphocarhamaie (1 mol.) is converted 
into water and carbothialdine : 

2C2H^O + CJP(NH^)NS* 2IPO + 

(E. Mulder, J. 'pr, Chem. ciii. 178). 

Aldehyde mixed with water and saturatol with cyonor^en deposits cn'stals of 
oxamide, the mother-liquor retiiiniiig a compourirl of aldehyde and oxamide, which 
is decomposed by ebullition, the aldehyde distilling over slowly, and crystals of 
oxamide being deposited (Inobig, Ann. Ch. Vharm. cxiii. 360). According to 
Berthelot, u. Pean do 8t, (filles {Bull. Soc. Chim. 1863, p. 602), cyanogen gns 
]>:issed into crude aldehyde forms a white precipitate, which contains 

the elements of cyanogen, water, and aldehyde, (4CN + 3lPO + C*lPO), or of 
aldehyde and oxamide, with elimination of water, = C^II*0.2C'‘^H''N’'0* 

— 11*0. Ahlohyde dissolves cyanamide. and the mixture after 24 hours, changes 
into a body resembling copal resin, soluble in alccdiol, and precipitated therefrom in 
white flocks by other. This compound contiiins N*G*Ji*'*0 (Knop, Ann. Ch. Bhatm. 
exxx. 263). Wlien a mixture of aldehyde, hydrocyanic acid, and liydr»>chloric acid is 
loft to itself, lactic acid is produced, together with a small quantity of formic acid : 

+ CHN + nci + 2H*0 NIJ^Cl + C»H«0* 

(Wislicenus, Ann, Ch, Pharm. cxxviii. 1). 

A compound of aldehyde with mercurous bromide, C*II^O.IIg*!Br*, is obtained by 
heating nnyl bronud© (monobrora ethylene) with mercuric acetate to 100° : 

2C*H*Br + 2(C*H*0*)*Hg + 4H*0 =* C*H<O.Hg*Br* + 6C*H<0» + H»0. 

The compound raparatos as a white amorphous precipitate, which turns brown in the 
air, with evolution of aldehyde (Saytzeff a. Glinsky, Zeitschr.f. Chem. [2] iii. 676). 

^ydrocyanide of Aldehyde. CNH.C*H^O. — Aldehyde and hydrocyanic acid, 
wth anhydrous, if mixed in molocuhir prf^rtion, unite in the course of 8 or 10 
oays, forming a liquid the greater part of which distils between 171° and 186°, tho 
^rtion of constant boiling point distilling between 182° and 184°. On attomt^ing to 
iractionate this product, it splits up into its components, a considerable portion 
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distilling between 40° and 60° ; but if the distillate be left to itself, the two bodies 
reunite and reproduce the compound distilling at 184°. 

Hydrocyanide of aldehyde is a colourless oily liquid, having a bitter acrid taste, and 
smelling somewhat like its components ; it becomes syrupy at — 21°. Its decom- 
position by heat is accelerated by potash, the products then formed being potassium 
cyanide and rosin of aldeliyde. It absorbs ammonia gas at — 10°, forming a basic 
compound which yields a crystalline hydrochloride and plati nochloride. Aqueous 
ammonia appears to act in the s.amo manner. 

Hydrochloric acid in strong aqueous solution acts violently on aldehyde- 
hydrocyanido at ordinary temperatures, but the two liquids may be mixed quietly 
below 0°, and the liquirl if then left to got gradually warm is resolved into sal- 
ammoniac, which crystallises out, and lactic acid, which remains in the liquid sUite ; 

C'^H'O.CNH + IICl + 2IPO = NH^Cl + C*H«0». 

The reactions with potsish and with hydrochloric acid show that the compound is not 
identical, hut only isomeric, with glycolic monocyaii hydrin (Maxwell Simpson a. 
Gcuther, Bull. Soc. Chim. [2] viii. 277). 

Polymeric Modif cations of Aldehyde. — A cral cl e hyd e, first observed by 

Wurtz, is produced, together with aldeliyde, by the action of zinc chloride on glycol. 
On treating the resulting liquid with calcium chloride, acraldehydo separates as a 
liquid] lighter than water, ami having a pungent odour. It is soluble in all proportions 
in water, alcohol, and other, and roibices an ammoniacal solution of silver nitrate. It 
boils at 110°, and has a vapour-density of 2*877, which is nearly double that of 
aldehyde (Bauer, lUp. Chim. pure, 1868, p. 294). 

The solid mclifications, el aldehyde and mctaldohyde, are described in vol. i, 
p. 109 ; the licpiid modification, paraldehyde, in Vol. iv. p. 349. 

Cfiloraldeliydea. Monochlorald chyde, CHI^CIO, is produced by passing 
vinyl chloride iiit/O woll-coolod hypf)chlorou8 acid. It is a neutral, oily, easily 
docomposiblo liquid, whicli on oxpnKuro to the air is converted into chloracetic acid 
(Saytzett a. Glinsky, ZeiUchr. f. Chem. [2} iii. 676). On leaving it U> stiind at a 
lower temperature, in a well-stopped flask in conUict with hypochlorous acid and 
excess of mercuric oxide, a crystalline crust is formed at the b(jttom of the vessel, 
consisting of a compound of chloraldohydo with Ciilomol, C-H^ClO.Hg-Cl*. This 
compound molts at 96° to a transparent mass, gradually changing to a crystalline 
powder. In cold Jiqucous solution it is slowly resolved into cahmol and chlor- 
aMehydo. Hydrogen sulphide decomposes it imiTlodiatoly, precipitating the -mercury, 
and setting the chlt.^raldchyde free. Mixed in aqueous solution with iodide or cyanide 
of potassium, it is converted into iodaldohyde or cyanaldchydo (Glinsky, il/id. 
iv. 617). 

Vinyl bromide passed into cold aqueous h}q)ocblorous acid forms an easily soluble 
product, not v<jlatilo without decomposition, and probably consisting of a mixture of 
chiorahlohyde and l)romaldehydc (Sjvytzolf a, Glinsky). 

Dichloraldchydc. C^IHCl^O (K. Paterno, Giornale di Scmise nat. ed econ&m. 
di Palermo, v. 123, 127). — Produced by di.stilliiig dichloracotal with 4 to 6 vols. 
sulphuric acitl in an oil-bath heated to 130°. On rectifying the distillate, the 
dichloraldehydo passes over at 88°''90°. It is a liquid which boils at 89°-90°, 
attracts moisture from the air, and i.s thereby convorteKl into a ^hydrate cr^’stal- 
lising in beautiful lamime. Loft to it.sclf, even in sealed tubes, it becomes dcn.se, 
and changes into a white amorphous mass, which has the aspect of p<ircelain, 
but when heated to 120° is reconverted into the original prtxluct. Hi chlorinated 
aldehyde dissolves witlumt decomposition in alcoliol and ether; when poure<l into 
water it first sinks to the bottom, and then dissolves, especially on application of 
heat ; in short, it exhibits the most complete analogy with chloral. It is difficult to 
oxidise, its vapour not undorg<jing any sensible alteration when mixed with air or 
and passed over red-hot spongy platinum ; but when gently heated with 
several times its own volume of fuming nitric acid, it is energetically attacked and 
converted into dichJoracetic acid, Phosphorus penbichloride attacks it 

strongly, protlucing the compound CHIKIPO or CWCl»O.C*IPCP, the action doubtless 
consisting in the roplacement of O by CP (as in the action of PCI* on aldehydes in 
general), whereby C*THCP is produced, which, as soon as it is formed, unites with a 
portion of the undecomposed dichlorinatod aldehyde, producing the compound 
C^H^CPO. The constitution of this body may bo represented by the following 
formula : 

CHOP- CH»- 0 - CCl* - CHCP, 
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or perhaps by 


Cnci» - CHCl - 0 - CHCl - CHC1« 


The compound C 11 Cl O is a colourless oil, having an irritating odour, heavier than 
water soluble in alcohol and ether ; it distils at 250“, omitting acid vapours. Alcoholic 
potash attac^ it strongly, with evolution of heat and formation of potassium 
chloride : and on adding water to the resulting liquid, a heavy aromatic oil Mparates, 
bm ing at 196“ and having the composition C*H'Cl-0, that is to say, containing 
2HC1 less than the preceding. This last compound unites directly with 4 at 
bromine foxing the crystalline compound C<II'^Cl*Br-0. In this i-eswt the com- 
jiound C'H^Cl'O is analogous to Malaguti’s chhroxHlwse, C'H»0, which he obtained 
by abstracting 4 at. chlorine from pcrclilorinated elhylic oxide C^C1'®0 fi 924’) 
Areonling to this analogy the compound C^II'CIH) may be dosignatwl as hexchhrinated 
ethylic and C K-Cl Br O us IrtraMoro-tetrabrominated elhylic oxide. The two 

compounds gU'O and C*H“C1<0 may also bo regarded rcspccUvoly i>erchlori,mUa 
vinyl ox^e, tetrachlorinated vinyl oxide, 

Xodaldehyde. is produced by Ixiiling the nqiu'oiis solution of mono- 

chloraldehydo with potassium iodide, and may bo dissolved out by ether from the 
solution, aiter the latter has been loft to itself for about twelve liours. On cvarioratirig 
the ether lodaldehyde remains as a liquid, which at first is tolerably mobile, and has 
a faint odour like tlnit of aldehyde, but after a while becomes thicker and acquires a 
stPfmgor ouoiir. It is decomposed by distillation, giving off aldehyde and its nolv- 
mcrides. and caving a residue chiefly consisting of iodine. A similar decompositi^ 
takes place when tlie aqueous solution is heated. When oxidised in ethereal solution 
^ ,, drops of fuming nitric acid, it is converted into iodacetic acid, 

(Olinsky, ZeiUchr,/. Cheni. [2] iv. 618). 

Cyanaldebyde, CTP(CN)0, separates in heavy oily drops on adding potassium 
cyanide to an aqueous solution of monoeliloraldehydo. It is sparingly soluble in water : 
decomposes easily in the moist state and in aqueous solution; cannot bo distilled- 
does not unite with aodnxm bisulphite. By oxidation with nitric acid it is converted 
into cyanacetic acid (Glinsky). 

AXiBSHTOES. The.so bmlios are derived from alcohols by elimination of one or 
nmre molecules of hydrogen, (IP), without the intnxluction of an equivalent quantity 
acids -'^rg ^ ^ position intermediate between the alcohols and thp 

CIV CIV CH* 

<!:oh cooh 

Acetic Acetic 




IH^OH 

Etliyl 

alcohol. 


acid. 


aldehyde. 

alcohol into an aldehyda » that 
('ll^nTr immediate connection with tho hydroxyl, or which belongs to the group 

“‘““hoi can yield but one aldehyde; but a 
tl may yield two, by removal of and of 2H’ ; a triatomic alcohol 

deri.;.l r ’ pccxcat. however, wo are acquainted only with aldehydes 

series ,“' •“"’1 ‘‘.’“‘“""f alcohols, and even among these it is only the 

■ ai,Tc.H«-ln monatomic alcohols of the series C"H“+«0 

uu C 11 o tliat exhibit any approach to completeness. 

di.,t i;- “"“atomic aldehydes are the ethers of 

«liow rto'‘w°'®’ "hservations which subsequent investigation has 

di.HomiralTOho"s ’ “‘‘‘“hiaea are isomeric, not identical, with the ethers of 

now be''add«l° f ^‘‘ehydos, C"H»"0, corresponding to the fatty acids, must 

d vr. X 11 first of the senes, namely, formic aldehyde, CH*0 rocentlv 

of dr^nl hy Hof^nn (Proc. Roy. Soc. xvi. 166). It is produced wZ. a ^n{ 

“f platinu^^M*^V“^’f i”f “““7' "'reeled upon an incandescent spiral 

ennv: suitable condensing arrangements, a liquid may be obtwned 

slightly tlklBne“l“‘'°” aldehyde in methyl alcohol. This liquid, rendered 

^ gently warmed with silver nitrate, yields a 

aldeh^i ‘ .of <“lver ^rith greater ease eyen than orfSa^'J^tiS 

^ ^me solution, heat^ with a few drops of caustic notash. detwviit« 

- of «“ of acetic aUeh^^ 

soluri™ L."f h W® ‘“0" obtained in the pure state; but by treating its 

with hydiqgen sulphide, and heating the resultiiig liquid with gitoog ^^lo. 
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chloric acid, it solidificfl, on cooling, to a dazzling white mass of felted needles, 
consisting of tlio corresponding snlphiir-corn pound, CII'^S. 

To the list of aromatic aldehydes, must bo added toluic aldehyde, 

C’H''0 ~ C*H^( ’HO, produced by distilling a mixture of the calcium-salts of toluic 
and formic acids (v. 864); and sycoccrylic aldehyde, which appears 

to be formed by oxidation of sycoccrylic alcohol (v. 646). 

Tteactimh of Aldchi/deii. — The following reactions, in addition to those mentioned in 
vol. i., are common to all the monatomic aldehydes. 

1. By fhsion with 2)<dassii<m hydrate, they arc converted into the corresponding 
acids, with evolution of hydrogen : 

f Kon = C'HPKO^ + H* 

Acetic PotuHsiniu 

aldciiyilc. acetate. 

CHI''0 + KOII = CHflv02 + II2 

Benzoic PotasHinm 

aldehyde. benzoate. 

2. Nascent hydrogen, evolved by the action of Avater on sodium amalgam, 
converts them inbj the corresponding alcohols ; e.g., C“H‘0 + H'-' = C^H**0. If, 
however, the aldehy<lo bebjiigs to a non-saturated series, the action goes further, an 
additional quantity of hydrogen being taken up, whereby the alcohol first formed is 
converted into a saturated alcohol belonging to another stu'ies ; thus : 

CHPO -h H-* = t.’Hb'O 

Acrylic AUyl 

alilehyde. nlcelml. 

and 

mv'O + IP = c'^ipo 

Allyl rn»[)yl 

ah’oliol, alcohol. 


Nascent hydrogen ovolv^ed by the action of zinc on sulphuric acid does not appear 
to unite with aldehydes. 

Benzoic aldehyde, under the influence of nascent hydrogen evolved hy the action of 
sine on hydrochloric acid, doubles its mob'culo and takes up 2 at. of hydrogen : 
2CaPO + IP = C'‘JJ‘'02 

Benzoic lTy<1ro- 

aldehyclo. Ijcnzoin. 


3. Phosphorus pcntacMoridc converts aldehydes into chloraldehydes, compounds 
derived from aldehydes by substitution of Cl- for O ; thus : 

CH* CIP 


1 -4 PCH = PCPO 

COH 

Aldehyde. 


+ I 

CHCl* 

Ohloraldehydc or 
Ethylidene chloride. 


The compounds thus produced are isomeric with the elilorules of the olefines,*" and 
with the monochlorinatod chlorides of the corresponding monatomic alcohols ; e.g., 


CH» 

1 

CU.KI 

1 

CH» 

cnci 

on* 

I 

CH* 

1 

Cll-’Cl 

1 

Cll*Cl 

1 

CHOP 

Propylulono 

Propylene 

ChlorlnaUnl 

cliloridc. 

clxlorido. 

Propyl chloride. 


Ethylidene chloride, CH^.CnCl-, is identwal with chlorinate<i ethyl chloride. 
4. Chloritie and bromine convert aldehydes into chlorides of acid radicles : 
C*lin) 4- CP «= HCl + C^H^O.Cl 
Aldehyde. Acetyl chloride. 

+ 2CP « 2HCI + CHPCIO.CI 

Aldehyde Chloracetyl 

cldorldo. 


5. The alkalumotals dissolve in aldehydes, eliminating an equivalent quantity of 
hydrogen : 

2C2H*0 -t- K* =* li* + 2C2IPKO 

Aldehyde rottuvinm 


aldehyde ; 

K» = 8H» + 2K(C2H>0)* (Wanklyn). 

6. Aldehydes treated with hydrocyanic add, hydrocUoric acid, and water, am 


or possibly as follows : 

eC^H’O + 
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2(C*U*)U^N + 2C’H‘0 

Ajiiliuc. Aldehyde. 


N* + 2IP0. 


eonyerted into an ammonium-salt^ or an amidated acid, containing an addidonal atom of 
carbon, the former reaction taking place chieSy in the aromatic series, the Jatter ih 
he fatty aeries : 

cm*0 + CNH + H*0 = C^iT'NO* 

Aeetic Aniidmpropionio 

aldehyde. acid (alimine}. 

C^H“0 + CNH + 2IHO = C'»H^(NII^)0* 

Benzoic Ammpnlnin 

aldehyde. fonnobonzoate. 

7. All aldehydes combine with aniline, the r cacti oti taking place between 2 molecules 
f aniline and 1 or 2 molecules of the aldehyde, with elimination of 1 or 2 molecules of 
rater ; thus : 

(CHI*)") 

2(c«n‘)n2N + c^u'o = (chihmn4 + ipo. 

th) 

Aniline. Aldehyde. Etliylldone- 

diphonaiuino. 

2(C*U')U^N + 2C’H‘0 = 

Aniline. Aldehyde. Diethylidene- 

di phenamine. 

The resulting compounds are isomeric with the diamines derived from the glycols. 
This rt^ction is perfectly general, aiul may be used, as well as the ro«action with 
ilkaline bisulphites, for the recognition of aldehydes (Schiff, Ann, Ch. Pkami. Suppl. 
ii. 343 ; Jahnsh. 18G4, p. 413). 

8. Aldehydes also fonn crystalline compounds with the acid sulphites of monammes; 
hiis valeraldehyde forms with amylamiiio bisulphite the compound C*H'®N.SH'^0*. 

; and similar compounds are formed by tenant hoi and bitter almond oil. 
These compounds are snlublo in water and in alcohol ; they de<x)mpose at 100®, water 
vnd Bulphvmms anhydride being gi^on ofF, and the aldehydes react ing with the bases 
40 as to form diamines like those above mentioned (Schitf, Zeitschr, f. Chom. [2] 

IV. 11). 

9. Aldehydes act upon cither in the solid state or in alcoholic solution, in such 
\ manner as to form condensed ureas conttiining aldehydo-rosidues, — compounds which 
may be represented by the gonersil formula 

arCIHN^O + yC-H-O - yH*0 ; 

[viid by further treating these products with aldehydes, ureas of a still higher 
Lb'grco of condensation arc obtained. A solution of urea in absolute alcohol 
forms with ofnanthol colourless needles of ctnanthyl-diurea^ (CO)^N*H*(C'H‘*)". 
By the direct jkction of oenanthol on solid urea, diananthyl-triurea^ (CO)*N*H*(C’H**)*, 
is Y^roduced; and these comiwunds hcatcxl to 100® with mnanthol are convert^ 
respectively inbi tricenanthyt-tetra-urea, (CO)*N"H**(C’II“)*, andpcntcenantkyl-hexureat 
(CO)"N'^K‘*(C^H**)’*. Similar coiniiounds are obtained with benzoic aldehyde. All 
the.so comYwunds are resolved by boiling water into aldehydes and urea, and by 
lieating above their melting points, into decomposition -products of urea, and ammonia 
derivatives of the aldehydes (H. Schiff, Coinpt. rend, Ixv. 801 ; Jahresb. 1867* 
p. 498). 

In addition to these general reactions, there are others which are limited to 
particular classes of aldehydes. 

The aldehydes are rcsinified by alcoholic potash ; unite directly with 

antmonia, foraiing crystalline compounds ; are oxidised by nitric acid, without forma- 
tuin of substitution-products ; and have a great tendency when left to themselves to 
change into Y>oIymeric comj^unds. Heated with daked lime, they yield the calcium 
salt of the corresponding acid, together with the corrc8Y)onding alcohol ; e.g., 

4C*H'*0 + CaH^O* =« (C*H‘'0*)*Ca + 2C*H‘*0. 

ValeraL Calcium Calclam Amyl -r 

b) drute. valerate. alcohol. 

When hydrocUorio acid gas is passed into a solution of one of these aldehydes in 
absolute alcohol, a compound is formed containing the elements of the aldehyde and; 
Uiose of ethylic chloride : e.g., 


COH 

Aldehyde. 


+ HOC*H» + HCl 


CH* 

1 « 1 + H*0. 

CH(0C*H*)C1 
Aldehydic etbyl-chlorbydrln. 


compounds thus formed are isomeric tnth the glyeolic chlorhydrinf ; 
tnus the ethylm oompound formed ae above is isomeric with pyoolie or mylmiia. 
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CH*C1 

ethyl-chlorhydrin, I , When treated with sodium ethylate^ they exchange 

CH*(OC*H*) 

their chlorine for oxethyl, OC*H*, forming compounds called acetals, containing the 
elements of the aldehyde and ethylic oxide, and isomeric with the glycolic ethers ; thus 
in the acetic series : 

CH* CH> 

I + NaOC^n* - NaCl + I 

Cn(OC2H»)Cl CH(OC2H^)* 

Aldehyclic Sodium AceboL 

ethyl-chlorhydrin. ethylate 

Acrolein or acrylic aldehyde, the only known aldehyde of the series 

C"!!'**" "* *0, is similar in most of its n^actions to tlio aldehydes C“H*“0, but when 
submittxxl to the action of powerful oxidising agents it yields, not only acrylic acid, 
but likewise a small quantity of acetic acid, 

The aromatic aldehydes, C**!!'*'" ~ **(), arc not resinified by alcoholic potashy but 
act^;(l upon in the same manner as the aldehydes C"ll-"0 are acted upon by slaked 
lime, yielding the corresponding aci<I and alcohol; e.g., 

2C^II«0 + KOH = C’H^KO-' + CaPO, 

Benzole Potassium Benzyl 

aldehyde. ticnzoate. alc()hol. 

Ammonia does not combine directly with them, hut converts tliem into hydramidcs, 
with elimination of water. With fuming nitric acid they form nitro-suhstitution- 
prodiicts, benzoic aldehyde, for exiimple, yielding nitrobeuzoic aldehyde, 0UP(N0=*)0. 
When left to tluimselves they do not form polymeric compounds ; but benzoic alde- 
hyde, mixed with hydrocyanic acid, is converted under the influence of alcoholic potash 
into benzoin, 

Cinnamic aldehyde, C“I['*0, the only known member of the series of unsatu- 
rated nldehydos, *• ‘"O, yields by oxidation, benzoic acid, as well as 

cinnamic acid, C*H*0*. 

Constitution of Monatomic Aldehydes. — It has been pointed out in the article 
AnuEiiYDKS in vol. i. that monatomic aldehydes may bo formulated either as hydrides 
of monatomic oxygenated radicles, or as hydrat<‘S of monatomic nou-oxygeiiated 
radicles, or as oxides of diatomic non -oxygenated radicles : thus for acetic aldeliyde wo 
have the three rational formulae : 

c»n’o,u (c»ii*)".o. 

The first of these formulae corresponds to the conversion of aldehydes into acids by 
oxidation, and by fusion with potash (p. 78) ; the second, to certtiin reactions 
which have been observed only with acetic aldehyde, viz. its conversion into chlor- 
ethylidone, C*H"C1, by the action of carbonyl chloride (i. 107), and into vinyl 
oxide, (C*H*)*0, with elimination of water, by the action of certain salts ; 2CTPOH 
— IPO =a (C*H*)'‘'0. The third formtila corre8|V)nds to the Jiction of phosphorus 
pontachlorido (p. 78), whereby aii aldehyde C"II-"0 is converted into the chloride 
; to the action of aniline on aldehydes in general ; and to that of ammonia 
on the uromivtic aldehydes. 

It is clear that these three formulae are all includcHi in, and may bo dedueed from, 
the constitxitional formula 

C-IP- + * + i 

I or c cr 

HCO ( H 

which acconlingly applies to all the reactions and all the modes of formation of 
monotamic aldehydes. 

Aldehydes derived from Diatomic Alcohols. 

A diatomic ialcohol may giv'e rise to two aUlehydes, one corresponding to the 
monobasic, the other to the hih isic acid derived from it. Thus propylene alcohol, 
C^IPO*, might yield the two ahlehydes and the first corresponding to 


lactic, tile second to malonic acid •/ 
CWOll 

1 

con 

COH 

CH* 

CU* 

CH» 

<!;h*OH 

^»0H 

-8 

PropvJene 

aloohol. 

Ftnt 

Second 

alti^de. 

■Jdefajds, 


OoTj a nary few of these aldehydes hare, however, been obtained. 
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Of aldohydoB derired from the glycole, only one is known, nnmoly 

COH 

glyoxal. C*H*0» ^ ^ , the second aMohydo of ethylene alcohol. This compound 

has not, however, been actually formed from glycol, but only by oxidation ^ ^hylic 
alcohol. By a small quantity of nitric acid it is oxidised to glyox^dic acid, G JXO j by 
a larger quantity, to oxalic acid, CTI-O*. For its other rwictions see ii. 920. 

Of aldehydes derivable from diatomic alcohols belonging to the other senes, and 
coiTespondiug to monobasic acids, three only are known, viz. salicylol, anisic 
aldehyde, and furfurol ; the relat ions of these ‘bodies to the corresponding alcohols 
and acids are shown in the following tsible : 


A1.COH01.S. 

Saligonin. 

Anisic 

alcohol. 

c"n*o« 

Pyromucic 

alcohol. 

Salicylol. C’H“0* 




o=»c 


Aldehydks. 

BaJicylol. 

C-IIH)* 

Anisal. 

Furfurol. 


Acids. 
Salicylic ack). 

C’H-O* 

Anisic acid. 

Pyromucic 

acid. 


« C J O" ,18 produced by tlxe action of oxi- 
IH 


dising agents on saligenin, or on sjilicin, which is aglucosido of saligeuin ; or on populin, 
which has the composition of benzoyl-salicin. It is conyerU'd by oxidising agents into 
salicylic acid, anrl by ammonia into hydro-salicylamide (v. 168). It exhibits the 
characters of an aldehyde in forming crystalline compounds with nlkalino bisulphites, 
ami resembles the phondls in forming saline compounds when acte<l upon by mctallio 
oxides and hydrates, the metal then taking the place of an atom of hydrtigon in tha 
plunvl molecule: thus, sodium salicylol C'll^NaO.COH ; cupric salicylol « 
ru"(OOH^)*.(COII)*, &c. Sodium salicylol, treated with methyl-iodide, yield* 
methyl-salicylol, C*H*(OH*)O.COH, a compound exhibiting properties analogous 
to those of salicylol itself. Ethyl -salicylol, C*I1*(C'‘^II*)0.(X3H, is obtained in a 
similar manner. By treating sodium salicylol with acetic oxjide, aceto-sal i cy lol, 
is obtained ; thus : * 


(XH^NaO.COH + ((XH=’0)»0 CTPNaO* + C«n<(C»n»O)0.C0H 

BodJum Acetio Sodium * Acoto- 

saNcytof. oxide. acetate. salicylol. 


This compound is isomeric with coumaric acid (ii. 93). By peculiar treatment in the 
prx’cs.H of preparation it may be deprivetl of a molecule of water, and then yields a 
crystalline sul>sUinco, C*H^CF, identical in every resjK'Ct with coumarin, the odori- 
ferous principle of the Tonka bean, further, by treating smli urn salicylol with butyric 
and valeric oxides, but 3 ro- 8 alicylol, and >tIso valero-salicylol, 

C*II*(C4I'*0)0.C0H, are obtiiincd, and those yield by dehydration corresponding 
homologues of coumarin (Perkin, Chem. Soc, J. [2} vi. 53, 181). For details respecting 
all these comjxiunds see the article Salicylol. in this volume. 

Anisic aldehyde, a n i s o 1, or a 11 i s y 1 hydride, is formed, together with 

anisic iici<i, by oxidation of anisic alcohol in contact with platinum-black, or, together 
with oxalic acid, by oxidising aniso-oil with warm nitric acid (i. 307). It is c/mverted 
by oxidation into anisic acid, by ammonia inbi anishydrjkmide, C®^II*^0*.H®, and by 
alcoholic potash into potassium anisato and anisic alc/ihol : 

2C*H''0* +KOH = C»H®KO» + 

Furfurol, the oily liquid prodfckJed by distilling bran with dilute sulphuno 

acid, is shown to he the aldehyde of pyroinucic acid by being converted into that acid 
by oxidation (ii. 752), and into pyromucic acid and the correspoo^g alcohol by 
treatment with alcoholic potash (iv. 766) : ^ 

2C»H«0* + KOH ** + Cm*0^ 

Furfurol. FetaMMum Fjromucfc 

pyromneate. alcohol. 

There is but one known aldehyde conesponding to a bibasic acid, viz. phthalie 
aldehj^e, «*«riyed from phthalie acid, C^'jeo.oH’ ^ 

of 2 atoms of hydrogen % two oqiiiTftlents of hydiojyh It is produced Inr 
the action of zinc and hydrochloric add on phthalie chloride. The aldehycfe, extracted 
from the prsdnet by ether and poiified by combination vith an aUcaiine bisnipUte, 
**?• O 

'4»r 
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&c., IS a white substance having an aromatic odour. It melts at 65®, dissolves easily 
in alcohol and in ether, sparingly in cold, abundantly in hot water, and crystallises 
therefrom in small rhombic plates. The warm aqueous solution solidifies with sodium 
bisulphite to a crystalline mass composed of silky needles (Kolbo a. Wischiin, Chem, 
800 . J. [2] iv. 339). 

AJbliaBTX>nril. base produced by heating a mixture of aldehyde- 

ammonia, urea, and ammonium acetate to 120®-130®: 4(C2H^O,NH>) — NC"H‘* + 
8NH* + 4H*0. It is an oil, boiling at 176°, lighter than water, siightly soluble 
therein, slightly narcotic, smelling like conino, and containing 4H less than that base ; it 
is not, however, converted into conino by treatment with sodium amalgam, and contains 
1 mol. H^O less than SchiflT s tetraldine. Aldehydine forms with hydrochloric acid an 
easily soluble salt, crysbillising in needles. Platinic chloride converts it into a resin. 
Witli potassium forricyanido and mercuric nitrate it forms crystalline precipitates 
( Ador a. Jjaoyor, Zeitschr. /. Ckem. [2] iv. 724). 


AXiZZARlinr, A solution of alizarin in ammonia, which is violet-red when recently 
prepared, turns blue in about two months at ordinary temperatures, or in 48 hours at 
1 00°, and then yields with hydrochloric acid a violet- coloured precipitate of a 1 i z a r 0 i n 
or aliza rami do, which appears to have the composition or accord- 
ing to some analyses, [perhaps 0‘'H"0S2NHs]. It is violet-red while 

moist, nearly black when dry, unalterable in the' air, nearly insoluble in cold water, 
but soluble in alcohol, forming a reddish-violet solution, from which it is deposited by 
spoutiinoous evaporation as a crj’stalliiie powder (Schiitzenberger a. Paraf, Zeitschr. 
(Jh. Pharm. 1802, p. 40; Stonhouso, Proc. Roy. 80 c. xiii 638). 

AZiZUlinr. Wolff a. Strockor assigned to this body the formula founded 

on certain relations which it was supposed to bear to naphthalene and phthalic acid 
(i. 113). ociiiinck, on the other hand, roprosentod it by the formula founded 

UMn^the analyses of alizarin itself, and of its compounds with bases ; and finally 
:^raebe a. Liobermann {BvXl. Soc. Chim. ix. 297) assigned to it the formula 
based upon the conversion of alizarin into anthracene, by heating with zinc-dust : 


+ Zn* + H*0 6ZnO. 

The correctness of this formula has lately been strikingly confirmed by the further 
*■ Soo.CMm. [2] xi. 616) that alizarin may 

Pioducod from anthracoua by the following senes of processes, which neither 
JQcret^o nor diminish the number of carbon-atoms in the molecule : 
tion anthracene into oxanthracone or anthraquinone, by oxida- 

dibroitianthimjninone into alizarin, by heating it with 

an allcall, the change consisting m the replacement of Br* by (OH)*. The details of 
the process will bo given further on. ^ ^ ^ 

alSfLrmX‘'t" is afforded by some analyses of 

I I ^ Strecker jn 1864 {Zeitschr. f. Chem. [2] iv. 263) 

tK'lmnoks analyses a so agree very nearly with the same formula. ^ ■' 

obmi"«urv^ho 205), morindone. the substance 

wi h afern, anrrr ■ ” (*»• »049) by heat, is probably identical 

3311 ' ' r W corroborated by Stenhouse {Chem: Soc. J. f21 ii 

phthalic acid, whereas alizarfn yieWs nitric add yields only 

provisionally for morindone the fomul^Cu^lS^ fT 

coraposiUon of alizarin and other colouring ma^’ of ^ 

1864, p. 174 ; 1866, p. 112 ; Jahresb, m4, pM 1866^1^ 

Alizana is reduced by nascent hvdroaen , 

in potash turns brownish-yellow in alizarin 

xf a*r 

-a-a, 
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alisann by oxidation in alkaline solution (BoUoy, JaJiresh, 1866, p. 644). Accord- 
ing to Schiiteenbeiger {Dictionnaire de Chimie), alizsvrin is also easily reduced in 
alkaline solution by stannous salts or by aldehyde, the solution changing from blue to 
orange, and yielding yellow flocks when saturated with an acid. 

Alizarin treated with excess of hydriodie acid it converted into a mixture of hydro- 
carbons, chiefly saturated, the most abundant being soxtane and octane ; 

+ 32 ni = C*W* + OH** +4H®0 + 161* 


(Berthelot, Sull. Soc. Chim. [2] ix. 207). 

Alizarin treated with fuming nitric avid yields a yellow, crj’stalline, but very unstable, 
product, which when boiled with water, gives oflT nitrogen dioxide and yields a deposit 
of ni troxyalizari n, C‘*H^(N0‘'*)0*. This compound is a red crystalline powder, 
which dissolves in alcohol and ether, with rod Colour also in jxitash, and with light- 
rod colour in boiling alum-solution (Strocker, Bull. Soc. Chini. [2] xi. 200). 

Preparation of Alizarin. — E. Kopp (Bull. Soc. CAtw. p] ii. 231) prepares pure 
alizarin from his green alizarin (see MAnnEH, iii. 749) as follows. The green alizarin 
is boileil for about a qimrter of an hour with 16 to 20 times its weight of hydocarbon- 
oils or paraffins (obtoined from any source whatever, purified by distillation over 
quicklime, boiling not above 160®) ; and the brownish-yellow oil, which quickly clarifies, 
is poured off* as soon as it ha8 |K>oled to 100®, and mixed, by ropoatetl and violent 
agitjition, with about ith of its bulk of weak soda-ley (6 to 8 por cent.). The violet-blue 
alkaline solution is then separated from the oil, and dccomposwl by dilute sulphuric 
acid, and the precipitate is pu^fled by washing. Three or four boilings are sufficient 
for the complete exhaustion of the crude green alizarin. The black residue yields by 
oxidation with nitric acid a colouring matter called xanthazarin (v. 1049). 

According to J. W. Young (Cheni. News, xii. 296), small quantities of alizarin 
maybe conveniently prepared by cautiously heating the residue of the alctffiolic extract 
of good garancin in a porcelain dish covered with bibulous paper [pierced 
holes ?]. The sublimed alizsvrin collects in a be»iker glass inverted over the dish.^^^J’ 
A method of preparing alazarin by the transformation pf other colouring mattoM 
of madder is given by M. Martin of Avignon (Bull. Soc. viii, 463). 

According to BoUey (Jahr^sh 1866, p, 644), purpuxin is pa^ially converted into 
alizarin by the action of a strong heat, in sealed gloss tubes, between 21<^;i|pd 220®. 

Separation of Alizarin and PwrpfM^#.--Puppurin dissolves pretty freely water at 
26® to 55®, whereas alizarin begins to dissolve only at 75®. A separation of thes# 
principles may therefore be effected by passing a ^et of staam into water containiiiit 
madder in suspension, at such a rate as to keep the temperaturo constantly at 65, 
never allowing it to rise higher, and repeating this treatment tiU the wash-waters run 
off quite colourless. On adding lime-water, or, bettor, baryta-water, to these waters, 
urpuri n is precipitated in tlie form of a lake, from which it may be separated by 
ydrohliloric acid, and, if necessary, further purified by sfdution in wood-spirit. The 
mmkler thus freeifrom purpurin is next to be dried and troate<l several times with 
wood-spirit, in vessels heated by stoajn. The resulting solution, poured into cold 
water slowly and with constant stirring, depo|it8 a hydrate of alizarin, less 
sfduble tlian alizarin itself. The precipitate aftor desiccation is almost chemically 
pure alizarin. Madder thus treated yields fr<jm 2 to 3 per cent, of purpurin and 4 to 4# 
per cent of alizarin (Leitenberger, Bull. Soc. Chim. [2] x. 338), 

Preparation from Anthracene. — The conversion of anthracene into alizarin is made, 
as already observed (p. 82), by throe stages : (1) Anthracene, C‘*H'*, is converted into 
anthraquinone (Anderson’s oxanthracene), C'*H*0*, a compound related to 
anthracene in the same manner as ordinary quinone, C*H*0*, to benzene, thus : 

^ !BeiuBeiMb 


Anthraotne. 


^ or 

" Qainone. 

" C»H*(0«)' 

Antlnqainoiie.* 


This ^nsformation is effected rither by heatang I pt^ anthracene with 8 ptl^ 
potassium dichromate and sulphuric aci<^ or by heating 1 pt, anthracene with 8 pts^ 
potassium dichromate and 1 pt. glad^ acetic addh The anthraquinone thus obtained 

* Bs^ecttogtoeiaelScntaritnietamof AtareciPSsaditata ri Tiit t fes,^ 
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U puri£ed by washing with water and solution in alcohol or benneae, &om wbidt it 

crystallises in yellow needles. t • ^ j t ... t. 

2. The anthraquinone is either directly conyerted into aibroinaiitliraquinone 

by heating it with bromine to 80*^-! 30® : 

ChH"( 02/' + 2Br* == 2HBr + C><H®Br*(0*)\ 
or 1 mol. anthracene is treated with 8 at. bromine, whereby tetrabromanthracene 
is formed: 

+ 4Br* = 4HBr + C>‘H«Br\ 


and this last compound is converted into dibromanthraquinone by means of either of 
the oxidising mixtures above mentioned. In this series of processes, chlorine may bo 
used instead of bromine, but it does not appear to yield equalljr good results. 

3. The transformation of dibromanthraquinone into alizarin is effected by heating 
it to 130°-260^ with caustic potash or soda: 


CMH^Br’COa)" + 2KHO = 2 KBp + C><H«(0H)2(02)". 

A blue colour is thereby produced, which gradually becomes deeper, the operation, 
being completed when tlio depth of the tint no longer increases. The saline mass, 
when colfl, is treated with water, the solutions are filtered, and an acid is added in 
excess, wlierohy a yellow precipitate is formed, consisting of alizarin. This, after 
washing with water and efrying at a gentle heat, is identical in every respect with 
alizarin obtained from madder, and yields exactly similar c<jlours when used for 
dyeing and printing (Graebe a. Lioberniann, Brevet, No. 83,567 ; Bull. Soc. Chim. 
[2] xi. 616; Moniteur scientifique, No. 296, Avril 16“«, 1869; Zcitschr. f. Chem. 
[2J V. 602). 

The formation of alizarin in this manner affords the first example of the synthetical 
product of a natural colouring matter. The process could not, however, bo carrie<i 
out on the manufacturing scale until some reagent had boon discovered, less expensive 
than bromine, which could be usetl in its stead for efifecting th^ conversion of the 
anthraquinone. This great inlprovement has been made by Perkin, who lias shown 
that anthraquinone when strongly heated with sulphuric acid, is ooiKyerted into 
anthraquinonio acid : * 

f(OT 

+ 2SO* « C**HNSO>H 


and that this acid heated with potassium hydrate to a temperature above 180®, becomes 
coloured and is converted into potassium sulphite and potassium nlizarate : 


+ 6KOH 

(S0>H 


2K*SO’ + imo + 


O*)” 

OK 

(OK. 


The alizarin thrown down from this alkaline product hy hydrochloric acid is generally 
of a bright yellow colour, and quite as pure as the analogous precipitate obtained when 
dibT\>manthraquinone is used. 

The formation of alizarin, however, is not the primary result of the action of potash 
on the disulpho-acid, an intermediate compound being first formed, namely, suljph- 
oxanthraquinonic acid, thus ; 

{{o^r ((o*r 

C'W SO’»H + 2H^O » SO«H» + H»0 + C»HM 0#- 
lS0*H SO*H. 


This acid is crystalline and of a yellow or orange colour, easily soluble in water, and 
yields blue or violet solutions with alkalis. When heated with potash it decomposes, 
yielding sulphurous acid and alizarin (FerSdn, Ckem, *7’. [2] viii. 133). 


AjUUUEO. Acceding to Debray {SuU. 8oo, Chim, [2] v. 404), phosphomo- 
lyhdic acid affords a delicate test for |prtafo alkali -metals, as well as for ammonia and 
organic bases. Potassium, emsixun, rubidium, and thallium are precipitated by it 
from acid solutions; sodium, lithium, and other metals give no precipitates. This 
test will indicate the presence of 1 pt, of potassium l^drate in jfiOO pts. of liquid. All 
the precipitates are yellow, very slightly sofubW^ Imd contain only very small quantities 
of the alkali-metaL The phosphomolybdm amd il8i^ for this reaction is prepared by 
boiling the yellow ammonium phosphomolybdate with nitromuriatic acid. 

Bdttger {J. w. CHem, ci, 290) recommends the alor>ho)ic extract of the leaves of 
CUcus Ver^halffdti as a delicate for aBts& To prepare it, the fresh leaves are 
ajgitated with absolute aloohol addidated^^taT^ few dimps of sulphuric acid, and the 
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digestion is contiDued for tvrouty-four hours, Tho tincture imparts to paper a Una 
red colour, which is turned green by alkaiis. Paper tJiue prepared is rerj sonsitiv© ; 
a strip of it held before a jet of coal gas is soon turned groeu by the ammonia in the 
gas. 

A solution of sodium nitroprusside jdolds the well-known purple coloration with 
soluble metallic sulphides, but not with hydrogen sulphiile. Hence a solution of this 
salt mixed with hydrogen sulphide affortls an extremely delicate test of the alkalinity 
of a solution, such a mixture turning lihio in contact, not only witli free alkalis, but 
likewise with alkaHn© carbonates, bicarbonates, Ixmites, silicates, pliosphates, and, in 
short, with all salts of the alkali-mehils which turn litinus-pjiper blue (Pilhid, Zeitsekr, 
/. Chem. [2] ir. 568). 

Stolba {ibid. 94) recommends a solution of cupric silicofluorido as a precipitant for 
alkjilis ; it keeps well aud does not corrode glass vossols. 

AlULiLXiOZnS. Compmnds of alkahv'uls, natural and artificial, with iodine mono- 
chloride have been prepared by W. A. Tildon {Cfuyn. Soc, J. [2J iv. 145). They are 
obtained by mixing tho atjuoous solution of itxiino monochlorido with the acidulateil 
hydrochloride of the base. A precipitate is fonntxl which soon hecomos erystaliino, 
and in some cases may be rei^Tystiilliseil without decomposition fnmi hydrochloric 
acid. With tetrethylamTinonium chioride, fern-like crystals are forme<l containing 
(C*II*/*NC1H (v. 731); with triethylammomum chloride, thocoinpowKl (C*‘‘11‘‘)*I1NCT^I, 
which crystallises in slender, easily decomposiblo noo<iloK. Tim eaffeine compouTid 
(''■11'‘'N<0'''.1ICT.IC1 forms crystals, apparently having tho form of oblique rhombic 
prisms. Tho precipitate formed with quinine hyd rochloride is yellow, aud becomes 
darker in colour when recryetallised fr<>m dilute hydrochloric aci<i. 

Pcriotiides of several alkaloids have boon obtained by Jorgensen {Zeitschr. f. Chem, 
[2] V. 673). (See the several Ai-KAix)‘ii)S.) 

According to R/ Pa|m {Jahresb. 1863, p. 433), many alkaloids combine with 
sulphur in one or more proportions. S^mie, as niorpluno, atropine, papaverine, form 
only monosulphid^ ; others, as quinine, strychnine, cxKleino, thobaine, borborin©, 
veratrino, dolphiniS^ and aconitine, form monosulpbides and polvsulphidos ; and a 
few, as trimethyliimiuir and coniiio, form monosulpbides, polysulphides, and sulphy- 
drates. .Some of the weaker bases> as cinchonine, brucine, iiarcotirie, and emetine, do 
not combine with sulphydidc acid. Tlie sulphides corrcsponiling to tho mehillic 
inonosulphides are pnxlucfd by mixing a salt of the alkuhVid with a scduhle metallic 
Hvdphido, or by precipitating the alcoholic solution trf the base with hyilrogon sul- 
phide ; the polysulphides, by precipihitiottwith a metallic p^dysulphide (such as K*S*) ; 
tlio sulphydrates of triniothylamino and conino, by saturjiting the basu with sulphydric 
acid. The sulphur-compounds of tho oxygenated bases are amorphous or crystalline, 
coh^urless, yellow, or reel-brown precipitates, which, with a few exceptions, are decora- 
jxtswl by diying, or oven by keeping. 

Detection and Separation of Alkaloids. — According to J. Trapp (Jahresh. 1868, 
p. 702), the yellow pulverulent or flocculent precipitates pnxiucod in tho acid solutions 
of mauy oiganic bases by phosphottiolybdic acid are insoluble in dilute nitric acid, but 
easily soluble in ammonia and tho fixed ulkiilis. The solutions of the several precipi- 
tates in ammonia exhibit the following colour- reactions : 


Aconitine ’ 
Atropine 
Bebeerine 
BerV>erine 


Precipitate. 

yellow , 


Solution In On boiling. 

Amtnonia. 

blue colourless. 


Brucine 
Codeine . 
Quinine | 
Quinidine j 
Caffeine 
Conine . 


, . . « . yellow-green 

yellow green . . . 

yellow . . • ^.^^:»l|^biioluble 

yellow . ... eokmrleM , 
yellow^|i-wh]'te . . light-blue . 


brown. 

orange-red. 

colourless. 

colourless. 


With digiteline of a grain)t^|^^||^phomolybdjc acid there is formed a yellow 
liquid, wliich becomes green on IkffiK^eep Indigo-blue on addition of ammonia, 
green again on heating, and thmi eoloimiki. 

Metainnyatie asid fr. Will is, according: to Scheibler (Jakrssk. 1860, p. 167), 
more delicate reagent Ibr aftalosdi^iiilliimsi^Sybdie acid, all such b a s e s bail 


more delicate reagent for aftalosdi^ 
precipiteted by i|i white Hocks, t 
imre metatungitK anid, as it ia pro^xu 


Scbeibler («/nArese. i 860 , p. 167 ), a 
dmjybdie acid, all such b a s e s being 
iis reaetkm it knot oeeassary to use 
wall by a Miibttioa of a mstatongstala 
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nix«d with any mineral acid, or even by ordinary sodium tungstate mixed with 
S^oanhoric acid-the so-called ilmphotuiystk aed-i^mwh as phosphoric acid 
Srpart of the base from an ordinary tungstate and converts it into a metetung- 
eLte £me alkaloids, as morphine, narcotme, and mcotine, are also precipitated by 
/Sw to-csIJed aed, prepared by dropping antimonic chloride into 

aaueous phosphoric acid {JF. Schulte, eijr. 

Potaasuhinercuric ioduie, ffrst recommended by De Vrij (Mres^. 186T, p. 602) 
as a veiy delicate test for strychnine, likevrise produces in solutions of nearly all non- 
volatile alkaloids, yellowish-white precipitates insoluble in acids and in dilute alkalis, 


caffeine, bitter principles, carbohydrates, and oi^nic acids are not precipitated by 
potassio-mcrcuric iodide ; but with albuminous and gelatinous substances, and with 
extractive matters, in presence of free acid ^but not in alkaline solutions) it forms 
tenacious elastic precipitates (A. Valser, ZettscAr. anal. Chem. ii. 79). According 
to F. J. Mayer {Ann. Ch. Pharm. cxxxiii. 236), the precipitation of alkaloids from 
acid solutions may he effected as completely by potassio-mercuric iodide (in some 
cases also by mercuric bromide or cyanide) as by phosphomolybdic or phosphotungstic 
acid. It is best to apply this reagent to the solution obtained by treating either the 
vegetable substance itself or its aqueous extract with acidulated alcohol. The pro- 
cipittites vary greatly in composition. They are, with a few exceptions (as with 
morphine), sparingly soluble in water, pulverulent, or (as with the volatile bases) 
resinous and gummy. To separate tne base, the precipitate is triturated with 
stannous chloride and a sufficient quantity of potash-ley to render the mass strongly 
alkiiline, and the basic is then extracted with other or chloroform, or, if insoluble 


therein, with strong alcohol, after addition of pulverised srxlium carbonate. 

According to DragondorfF {Zeitschr. anal. Cfiem. v. 405), potassio-bumutkova iodide 
(prepared by treating sublimed bismuth iodide with a hot concentrated solution of 
potassium iodide, and mixing the decanted liquid with an iqual volume of the same 
solution) may also be used for the precipitation of organic alkaloids. Its solution, 
slightly acidulated with sulphuric acid and added to the very dilute solutions of most 
vegetalde alkaloids (likewise acidulated with sulphuric acid), forms almost instantly 
a nocculont precipitate having the colour of precipitated antimonious sulphide. The 
double chlorides of iridium and rhodium also give precipitates with some bases 
(strychnine and brucine), 

A volumetric process for estimating morphine and other alkaloids by moans of 
potassio-mercuric iodide has been given by F. F. Mayer (see Morphiio?, iii. 1053). 

The following alkaloids are precipitated by potassio cadmic iodide, even from very 
dilu^ solution* acidulated with sulphuric acid : nicotine, conino, piperine, morphine, 
cc^eine, thebaino, narcotino, quinine, quinidino, cinchonine, strychnine, brucine, vera- 
trine, berberine, atropine, hyoscyamine, aconitine, delphinine, emetine, curarine, and 
cytisine. The precipitates are white and flocciilont at hrst, but mostly become crystal- 
line. Quinine and strychnine are entirely precipitated, even when dilute<l with 
10,000 pts. of water. These precipitates are insoluble in other, soluble in alcohol, 
slightly soluble in water, soluble in excess of potassio-cadmic iodide. They give up 
their alkaloid when agitiitod with a suitable solvent, after addition of an alkali. They 
are closely analogous to tlio compounds of the alkaloids with the iodomoTcurides and 
lodobiamuthidos (Marme, Bull. hoc. Chim. [2] ix. 203). - 

precipitation of alkaloids by sodium nitroprusside, ate Horsley 
{Chem. News, v. 356), 

Many alkaloids and salts of alkaloids, when heated with an alkaline solution of 
J^tassnum perr^nganafe, give off half their nitrogen in the form of ammonia; such is 
the case ^th inorphine, codeiue, papaverine, strychnine, methylstrychnine-iodide, 
brucine, the sulphates of quinine ana cinchonine, nicotine, naphthylamine, toluidine, 
and acetate of rosaniline. Creatine similarly treated gives off a third of its 
vliT^ei)^^ ; theine, a fourth (Wanklyn and Cliapman, Chem. Soc. J. [2] 

^Hragendorff recommemls the use of hemcne as a solvent for separating alkaloids 
ftom Bubstonces with which they may be mixed, as in toxicological investigations. 
Xhe crude aqueous ex traoti of the substance under examination is first fr©^ from 
substances bxVMtis of bensene, and after neutralisation more benzene is 
adayd to ^MOlve out the baaew . The separation of the benzene as a distinct layer is 
hr h^tiM tho Uquid or 60®, or by 3^dition of a little alcohol. This 

Biocto Of separation^ ti pml cafali Ip atoychmne, veratrine, atropine, aconitine, quinine, 
eincnoiune, quiniaiiiey eoMtoe, munotine, thebainc, papaverine, conine, and nicotine 
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(for the last two, however, and for atropine, on account of their volatility, other is to 
be preferred to benzene). Caffeine, thotibrtmiine, c*^>lchicine, piperine, curarine, najs 
ceine, and berbcrine cannot bo 8epi\nito<i in this way, because they are already dissolved 
out by benzene from the acid solution ; neitlier can the method bo applied to morphine 
or solanino, which are nearly insoluble iu benzene. 

To detect the presence of alkjiloids in ojg7inic litjuids, stiychnino in beer for 
example, 11. Waguer (^/YscAr. {ma/. CTJfcv//, jr. 38T) mixes the liquid, diluteii with 
2 vol. water to one litre), with about 5 c. c. of a solution of iodine /n jyoUissium 
ioilkle (12‘Tgnjts. iodine to the litre), and a few drops of sulphuric acid; dissolves 
the precipitate, separated from the supernatant liquid, in a dilute solution of sodium 
hyp>sulphite, and Botxiratos it again by moans of the iodine solution. If this new 
prt^ipitiite be now dissolved in a^^ueous sulphurous acid, the solution will leave on 
evaporation the pure sulphate of the base. 

According to Grandeau (Bu/L Soc. CMm. [2] ii. 74), alkaloids, such as mor- 
phine, brucine, and digitaline, coiitainod in solutions, together with animal subsUinces, 
(^urine, &c.), may bo easily separated from the latter by dialysis, ami obtained in the 
pure state by treating the evaporated residue of the dialysate with alcohol. Accord- 
ing to A. T. Machaltio {Chem. News, x. 183), strychnine, as well as arsonious acid, 
may l*e sepamted by dialysis, if, instead of parchment papier, the membranes of the 
stoinacli or intestines be employed as the diaphragm, 

Holvig has shown {Zeltschr, anal, Cf/em, iii. 43; Jahres'h. 1884,720) that many 
organic bases may bo obtained in a state lit for microscopic examinat ion by .suhlhna- 
thm. A ^ ery small quantity of the finely pulverised base is cautiously heated on a 
piivt* of j>latinum foil, having a hemiH]>herical depression in the middle, and covered 
at that }»art with a small glass plate such as are used for mounting micntscopic 
objects : the sublimate then collects on the glass, and may be easily examined with a 
inagnitying power of 80. 3Iorphino thus treated yields a layer of rouml granules, 
w hich in conUict with a drop of water, and somewhat more .slowly with ammonia, are 
converted into six-sided prisms; with dilute hydrochloric acid, into tufts of long 
nciMllos, Dilute chromic acid, on the contrary, dt)es not give rise any formation of 
crystals. The sublimate cxhibilH the reaction of morphine with iodic acid and starch, 
tluit is to say, it reduces the iodic acid, and c^>nse<iuontly turns the starch blue. 
^itrycfniinc yields a similar amorphous sublimate, which when moistened with water 
changes into four-sided prisms laiti over one another in stars or crosses, with annnonia 
into quadratic oedohodrons, or characteristic short,, truncated, four-sided prisms. 
Ilydrn'hloric acid forms, somotiines tufts of needles, smnetimes broad four-sided prisms ; 
dilute chromic acid forms the yellow stellate crystals and double pynimiils of strych- 
nine chromate ; and stixuig suljdiuric acid with potassium bichromate prodtices the 
well-known colorisivlion. Brucine yields a similar granular sublimate, wliich, however, 
schlom becomes crystalline with water or with hydrochloric acid, more easily with 
sulphuric or nitric acid, and is converted by ammonia into a deep yellow amorphous 
mass ; wdth chromic acid, it grad\ially forms dark ycdlowstors or rosel tes composo<l of 
short prisms. V/ratrine sublimes in crystals, partly having the form of a rather long 
distjorte<l rectangle, partly of stars composed of noodles or four-sided laminse. 
Aconithic forms an amorphous sublimate, wliich in contact with ammonia pnxiuces 
diarsicteristic crystiiUino forniations like the tin-tree (needles arranged in cruciform 
groups). Atropine sublimes very cjisily in transparent drops, which in contact with 
hydnxdiloric acid change in the course of 24 hours into distinct octohedrons, 
Sobmine sublimes as a network of tuft-1 iko or lozenge-shaped groups of slender 
neixllcs, Digitaline does not yield a characteristic sublimate. 

On the microscopic characters of organic alkalouls, see also Holvig’s Das Miktoscop 
in dcr Toiic(Aogie, Mainz, 1864 ; Deane and Bra<ly, On Microscopic Research in 
Relation (o Pharmacy {Chem. 8oc. J. [2] iii. 34) ; Wormly, The Micro'^chemiatry of 
Poisons, Now York, 1867 ; Erhanl (AT. JgJirh, Pharm. xxv. 129, 193, 283 ; xxvi. 9, 
129). 

Alkalmds of Opium. — Kubly (Jahresh. 1866, p. 823) has determined the solubility 
of the several opium alkaloids benzene and in amyl alcohol. The rosulte obtained 
at ordinary temporatores are in the following table: * 


100 pts. sayi aloohol dlnolve t 


Mt>rpbine . 
Narcotine , 
Papavorioe 
Thehaine . 
Codeine , 


, 0-260 
. 0-326 

. 1^80 
. I'Or 
. 16*66 




ALLAOTOlN— ALLOCLASE. 


If the solution of these bases obtained by extraction with acids be supersaturated with 
alkali, and repeatedly treated while warm with benzene, narcoti^, Mpaverim, thebaine 
and codeine will pass into solution ; and tho aqueous liquid will then give up to hot 
amyl alcohol the morphine, and after evaporation to dryness it will yield to hot ethyl 
alcohol the narceine. For the approximate separation of the four bases first named 
Kuldy treats the residue left on evaporation of the benzene with a small quantity of 
cold amyl alcohol, which dissolves chiofiy the codeine; he then digests the residue with 
water containing acetic acid, to dissolve out the papaverine and thebaine, the narcotine 
remaining undissolvod. Papaverine and thehaine may be separated in sulphuric acid 
solution by potassio-bismuthous iodide, which dissolves only the thebaine. The use of 
ethyl acetate (100 pts. of which dissolve 0-213 pts. morphine), instead of amyl alcohol, 
for oxtmeting the morphine, is, according to Kubly, attended with considerable loss of 
tho alkaloid. 

Drafrondorif {Jahresb. 1864, p. 727) has examined the reactions of the opium 
nlknlokls with sulphuric acid, both pmro and containing nitric acid. Codeme dissolves 
slowly in pure sulphuric acid, forming a greenish, or after a week an indigo-blue 
liquid, which becomes dark-brown at 160^, and after cooling with nitric acid nearly 
bloo<l-rod. With sulphuric acid containing nitric acid tho same changes of colour 
tiiko place, but more quickly. Papaverine is coloured dark bluish-violet, both by 
pure sulphuric acid and by that which contains nitric acid, and dissolves to a reddish- 
violet lirpiid, which does not alter at 150^. Narceine forms a blood-rod liquid, 
becoming dark-brown to garnet-coloured at 150"^, and light rod-brown after cooling 
with nitric acid. Thebaine fonn.s a dark-rod to orange-coloured solution, gradually 
turning to olivo-greeii at 1.50'^. Porphyroxine dissolves to a black-brown liquid 
becoming dark garnet-coloiirod at 160®. Cheltdontne is coloured green by sulphuric 
acid conbiining nitric acid, at 160® olive-green, and after cooling with nitric acid 
dark-brown. When morphine is boiled with a not too dilute solution of phos- 
phorous or hypophosphorous acid, and the liquid is then mixed with a large quantity of 
strong sulphuric acid, it assumes a reddish-violet colour, becoming yellowish with a 
little nitric acid ; and if it bo thon warmed in contact with metallic copper, it gradu- 
ally assumes a greenish and then a splendid blue colour. Narceine boiled with hypo- 
phosphorous acid, and then pouro<l into strong .sulphuric acid, forms a <latk cherry-red 
solution, becoming yellow with nitric acid, and gradually colourless in contact with 
copper. 


are 


— , waLur, into apomorpnine, (J.V.). 

Mkaldtd produced by Mooholic Fermentation . — According to J. Oscr {J. pr. Chem. 
111 . 192), the formontation of sugar by purified yeast is attended with the formation 
of an alkalmd containing Its liydnM-hloride dried in a vacuum forms a 

white very hygroscopic laminated mass, which quickly turns brown on exposure to the 
air and has a burning taste with very bitter after-teste. This alkaloid appears to 
be torm^l from tlio aziitisod constituents of the yeast, and should be found in liquids 
produced by alcoholic tormentation, such as wine and beer. 


. — This substance is converted by hydrioditacid into 

hy dantou. (...177) and urea (Baoyer, Ann. Ch. Pharm. e^viii. 178), and by water 

C*U“N*0^ (V. 960) (Strecker a. I%ineck, ibid. 


C‘H*N<0> + . 

Aliantotn. 

+ 2HI 

Allan totn. 


-f H*0. 

Olyoolurit. 

= C’H*N*0= + CH*N'0 + I». 

HydantoYn. Urea. 

perfect, both prismatic and biisal. Hardness above 4 Sn 

amaysis by Heine, it conteine : ‘ ® According to an 


83-69 8015 0-6$ 6-68 2^41 Iflay 


^ 1.55 • 99-46. 

‘i:* Co*A 6»S* or perhape 3Co8. 
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BTKBliS. Ethyl allophanaie is produced, tc>geUier with 
oxaraide and alcohol, by heating urea with ethyl oxalate in a sealed tube to 136®-170® 
(Grabowski, Ann, CA, Pharm. cxxxiv. 115): 

2CH«N20 + (C«H*)*C*0* = + (C*H‘)HO + C*H<NW 

CTrea. Ethyl Ethyl Alcohol. Oxamldo. 

oxalate. allophanaie. 

Also, together with hydrochloric acid, by boating equivalent quantities of urea and 
ethyl chlorocarbonate (i. 916) in a flask provided with an ascending condenser: 

CH^N^o + c*iPcico^ = iici + 

(Wilm a. Wischin, 2^it8chr./, Chem, [2] iv. 5). 

Phenyl AlUrphanaU, is formed by passing cyanic acid vapour into 

perfect ly anhydivjus phenol. When dissolvcKl out of the resulting pasty nnvsH with 
alcohol, and precipitated Vy ether, it forms slender, inodorsiv^s, and tasteless crystals, 
unctuous to tho touch, insoluble in cold water. At it i» resolved into pJionol ami 
cyanic ackh With alcoholic potsish it forms potassium nJlophanate ; with baryta^ 
water, barium allophanate (Tuttle, Jahrcsh. 18o7, p. 461). 

Oxethyt-acefyl^allophanic Acid. - CTP(C2IP0)(C*K»0)NW 

(also Qidled oxefhyl-glycolyl-allophamc acid ). — An acid formed by heating potassium 
cyanate with ethyl monochloracetate : 

cmKcnvcw + 2Kcno + h*o = kci + kc-u^n^o* 

Ethyl chloracetate. Potassium Potassium oxethyl* 

cyanate. acotyl-allophanato. 

When 100 grams of each of those substances are boiled for 15 hours with about 10 
vol. of 90 per cent, alcohol, pohissium clilorido is separated ; and the liquid, decanted 
while still hot and mixed with tho alcohol used for washing tho potassium chloride, 
separates, after distillation to of ita volume, and admixture with ether, into a super- 
natant liquid and a semi-crysUilline deposit. The liquid yields by 8p<jntanoouB eva- 
poration ethyl allophanate, formed by the action of alcohol and water on the potassium 
evanate : 

2KCNO + enPO + 2IPO « 2KHO + C'^IP.C^IPN^O*. 

The lower layer, when treated with cold waU*r, also yields a small quantity of ethyl 
allophanate, and the liquid decanted therefrom and mixed with dilute sulphuric acid, 
deposits after a while crystals of oxothyl-acetyl-allophnnic acid. This acid 
sepfinited from its load-salt, crystallises in oblique rhombic tsvblos, sparingly soluble 
in cold water, alcohol, and ether. Its potassiuTn and sodium salts are Very soluble and 
crystallisahlo ; the barium salt, Ba(C'‘H‘*N‘-^0')*, crystallises in microscopic rhombic 
tables ; tho lead-salt, Pb(C*lI*N®0*)*, in sparingly soluble neefllos ; tho silver salt is 
very sohihlo in wat^r and decomposes when its solution is warmo<l. 

Oxethyl-acctyl-allophanic acid is decomp<^)8ed by heat, giving oif cyanic acid. Boiled 
with strong potash-ley, it is resolved into glycollic acid, carbonic acid, alcohol, and 
ammonia : 

C*H'«N^O» + 6KHO * KCm*0* + 2K2CO» + CnVO + 2NH*. 

It is not decomposed by nitric or nitrous acid. With strong sulphuric acid it turns 
brown and gives off a largo quantity of carbon dioxide. By boiling with dilute sulphu- 
ric acid, it is converted into a new acid (likewise produced in the reaction of ethyl 
chloracetate on potassium cyanate), which neither crystallises nor forms crystalline 
salts. This acid is insoluble in ether, and is also converted into glycollic acid by 
>>oiling with potash (Saytzeff, Ann. Ch. Pharm. cxxxiii. 329). 

AZiXiOXiUr and AXi&OSCJLJncxsr. The following method of preparing alloxan 
from crude uric acid, such as is extracted from guano, is given by Liebig (Ann. Ch. 
Pharm. cxlvii. 366 ; Bull. See. Chim. [2] xi. 162). The crude uric acid is added by 
small pfjrtions to nitric acid of sp. gr. 1*42, mixed with 8 to 10 parte of water and 
heatcfl to 60® to 70®, whereupon abundant frothing takes place, accompanied by the 
emission of nitrous vapours. When the nitric acid no longer takes up the uric acid, 
and acquires the colour of onion-peel, the liquid is to be boiled and 
abiding to this liquor, which contains alloxan, a concentrated solution of tin 5^ hyd|o*’.rf 
chloric acid mixed with it« own volume of that add, a pultemleht pn^pitate ii foDiiiiif , 
consisting of alloxantin, which is to be collected washed, and wed. To 
this alloxantin into alloxan, it is moistened with a mixture of 2 
acid (sp. gr. 1*52) and 1 part ordinary nitric add (sp. gr. 1*42), 
quantities of nitrous acid are evolved. The reactioA » 
mass being then completely soluble in water. T|ye mass is to 
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tile, dried over the water-bath till all the nitric acid is driven off ; and the alloxan is 
finally crystallised from water* This process yields nearly the theoretical quantity of 
alloxan. 

Alloxan is formed, together with urea, by bringing bromine in contract with uric 
acid suspended in water : 

+ Br^ + 2H*0 = + CH^N’-'O + 2HBr. 

Uric acid. Alloxan. Urea. 

If the mixture bo heated during the reaction, parabanic acid, oxalic acid, and ammonium 
bromide are alstj formed. Chlorine and iodine act upon uric acid in the same manner 
(L. Hardy, Hull. Soc. Chbn. [2] i. 445). 

Anhydrous alloxan heated to 260^ i.s converted into an isomeric modification which 
is soft and red, and when treated with bases forms salts, called by Hardy 
isoalloxan ate s, which are isomeric with the alloxanates (i. 138). The ammonium 
and silver salts are red precipitates ; the ammonio-argentic salt, C*H2(NII*)AgN^O^, is 
a blue precipitate. The poUissium, sodium, barium, strontium, calcium, lead, and 
mercury salts also form colouro<l precipitates (Hardy, loc, eit.). * 

Alloxan or alloxantin boiled for a long time with very dilute sulphuric acid yields a 
largo quantity of ammonium hydurilate (iii. 220) ; with strong sulphuric acid, there 
is formed (together with dialuric acid) a sparingly soluble ammonium salt, wliieh 
differs from the hydurilate in not producing a green colour with ferric salts. When a 
solution of alloxantin in 3 or 4 parts of strong sulphuric acid is heated as long as 
sulphurous oxide is evolved, and the resulting yellow solution is mixed with an equal 
volume of water, a sparingly soluble powder (iimounting to 60 per cent, of the allox- 
antin) is separated, which is resolved by boiling with water into barbituric and 
parabanic acids. In one experiment, however, hydurilic acid was obtained instead of 
barbituric acid (Finck, Jnn. Ch. Pharm. cxxxii. 298). 

Hr om all ox an or 1) ihro m o-h arbituric acid, C’H'^Br^N^O*, is described among 
tno (icfivativos of lU'ic (v. 061). ° 

AUTK. CH'". -Sue I)iAi,j,Yi, (p. 92). 


1 AXiCOHOXi. CHI^O = CHI '.OH.— Produced, together with isopropyl 

alcohol and acropiiiivcono (p. 56), when acrolein is treated with zinc and hydrochloric 
acid: CHI<0 + II'^ = CHPO (Linnomann, Ann. Ch. Pharm. S uppl. iW. 257) 
According to Tollons a. Henningor {liulL Soc. Chim. [2] xi. 394), the best mode 
ot preparing this alcohol is to distil a mixture of glycerin and oxalic acid in certain 
proportions. Oxalic acid heated with glycerin is resolved, as is well known into 
carbon dioxide and formic acid, which latter may bo obtained by distilling the mixture 
with water (ii. 686), or, according to Lorin {Jakresb. 1866, p. 296), with a fresh 
quantity of oxalic acid. But if the mixture be continuously heated without addition 
either of water or ot oxnlic acid, the formic acid retained by the glycerin reduces it. 
and terms allyl alcohol,* which passes into the receiver: 


CHI»0’ -f OH^O* = C>H"0 + 2H*0 -f CO* 

Glycerin. Formic Allyl 

acid. alcohol. 

Part of the alooliol is however coiivortod into allyl formate. 

0"® part of crystollised oxalic aeitfin a retort 
‘ '® ™ 00 rter being changed when tile temperature rises 
to 190 , and the distillation continued from that point to 260°. Tho distillate 
omsists of aqueous allyl alcohol mixed with allW formate, acrolein, glycerin 
miMdmnically aimed over, and formic acid. The residue, which consists of riTCerin 
Sfirt™ oT.'lih ‘.'’aei T oP a'lyl alcohol by distillation with^another 

rndthe nnw^llltmo*' ' allyl alcohol, the crude distillate is rectified ■ 

^m/iin bt ' f IS dr„Hl over potassium carbonats, freed from allyl formate and 
^ndoin by mrans of solid potash, again distilled, and freed from the^last traces of 
witer by rectification over anhydrous baryta. A quantity of allyl alcohol is thus 
obtoined equal to one-filth of the weight of tho oxalic acid 4ed. ^ 

1 “■ ' s'* ".r.”' ***"'- ancombined with a stronger acid, greatly 

inUrferes with tho production of allyl alcohol : hence it is advisable to add fr.™^ to 

pl^ by two Btngea. monoformin. ' 

gotofi^the mutual «tlon of the lotmio «ia anu glycerC'i^ rh^’t^mSiSl .i 

... - C-HTOH) + iro + 0 O^ 

of «>y«»hi mid OX.UO mda to 



ALLYL BROMIDES— IODIDE, 


91 


4 per. cent, of hydrocliloric acid or sal-ammoniac to the oxalic acid. The quantity of 
allyl alcohol produced is in direct proportion to the carbon dioxide evolved above 
200^. Free sulphuric acid or a large quantity of hydrochloric acid should be avoided : 
the latter gives rise to the formation of mono-allylin» C*H‘(OH)^(OC*H*) (Tollens, 
(oc. cit.). According to Swartz {Zeitschr. f. Chem. [2] iv. 269), allyl alcohol is formed 
by heating dichlorhydrin, C-’H^CFO, with solution of potassium iodide : 

C»H‘CPO + 2 KI = cm*0 + 2KC1 + I=*. 

Allyl alcohol boils at 91° (at 103° according to Hofmann a. Cahours), and 
solidifies at - 54°. It is not cornpleUly dehydrated by potassium carbonate (Tollens 
H. Honninger). It is an unsaturated couipouud, capable of uniting with 2 atxmis of 
bnnuine, chlorine, &c., and i.s not converted into pr«ipylic or isopropylic alcohol by 
the action of luisceut hydrogen (Tollens, ibid. vi. 268). Its aqueous solution tiikes 
up 2 atoms of bromine^ fomiiug allyl-alcohol bromide, C*H*OBr*, isomeric, or 
perhaps identical, with dibromhydrin. This l)romido is a colourli^ss oil, which Ixiils at 
219°, and, like dibromhydrin, is rcsolvcxl by aqueous potash into potassium bromide 
and glycerin. By iiascent hydrogen^ evolved either by sodium amalgam or by zinc 
and dilute sulphuric acid, it is converted into a liquid, wliich appears to bo identical 
with the original alcohol. On mixing it with ziiic-cthyl in ethereal solution, a lai^e 
quantity of combustible gas is evolved, ainl a white solid mass is formed, wliich when 
treated with water gives off gas, and is resolved into zinc-oxide and the original 
bromine-compound (Morkownikolf, Jahresh. 1864, p. 490). Allyl alcohol also unites 
with r///orme, forming several products, one of which, boiling at 180°— 184°, has the 
eonipoeition of dichlorhydrin, C^IPOCP (Tollens a. Henuingor), and is reconverted 
into nllyl alcohol by nascent hydrogen, like the bromide. Allyl alcohol also unites 
with iodine; forming a heavy, colourless liquid (Tollens). 

A&&irXi B&OBCZl>B8. The mono bromide C^IPI, prepared by the action of 
phosphorus pontabromido on allyl alcohol, is a colourless liquid having an irriUiting 
odour ; sp. gr. 1-4507 at 0°, I'-iOB at 15° ; boilingat 70° under a pressure of 763 mm. 
The isomeric ^impound bromoprf>pylcne boils at 62° acconiing to Reynolds, at 54° 
occonling to Vogt, Allyl bromide is decomposed by potassium and silver salts ; 
hcatcii with potassium sulphide, it forms allyl sulphide, boiling at 140°. With 
alkaline sulph(x*yanates it yields allyl sulphocyanate, luiving the properties of volatile 
mustard-oil (Tollens, Bull. Boc. Chim. [2J xi. 397). 

Allyl dibrornide^ C“H^I% and the corresponding (i. 141, 142), are, properly 

speaking, diallyl compounds, C®H‘®Br and (see Hiai.i.yl). 

The tribromide.^ is converted by prolonged boiling with alcoholic potash 

into propargyl-cthylic ether, (C‘H*)C*H*0 (j.v.) (Liebermann, Ann. Ch. Pharm, 
cxxxi. 123 ; cxxxv. 266). 

OBBOBZBBB. The monochloridc^ C’lPCl, was ohhvinod by Hofmann 
a. Cahours in the same manner as the monobromide (i. 142). Oii})enhoim {An7i. Ch. 
Pharm. cxl. 204) obtains it by heating allyl oxalate to 100° with an alcoholic solution 
of calcium chloride ; calcium oxalate is then precipitated, and the liquid, mixed with 
water and distilled in Uie water-bath, yields allyl chloride. An easier mode of prepa- 
ration is to mix allyl iodide with an equal volume of alcohol, and thou with a slight 
excess of mercuric chloride. Mercuric iodide is then formed, with groat evolution of 
heat, and on adding water to the distillate, a liquid separates of)iitainiiig allyl chloride 
in the portion lx>iling between 43° and 60°, and probably allyl-othylic oxide in the 
portion of higher boiling point. Allyl chloride has a sp. gr. of 0*9340 at 0°, and boils 
<^t 44°-46°. The isomeric compound chloropropylone has a sp. gr. of 0 9307 at 0°, and 
Iwils at 26‘6°. The latter, when heated to 120° with siKlium ethylate, is converted into 
aliylene, but allyl chloride is converted by alcoholic potash- solution, even below 100°, 
into allyl-ethylic ether. The hydrogen in the allyl compounds appears to bo more 
intimately united with the carbon than in the propylene compounds (Oppenheim). 

Allyl trichloride^ C*H‘C1*, prepared bypassing chlorine gas into allyl iodide 
covered with a layer of water, or by digesting the iodide with potassium bichroniate 
and hydixxihloric acid, is a colourless liquid having the odour of chlqrali and not 
solidifying at — 10°; sp. gr. «« 1*41 at 0°. Boiling point between 164° and 167®f 
like that of the isomeric (or identical) compound, trichlorhydrin. It is not^Mivnrted 
into aliylene' bv 
ii.97), 

AUi*8X lOBSBBp is produced by slowly distiU^ a 

alcohol, iodine, and red phosphoms. As soon an the allyl iodide ban jtq i iiy ettywy 
water must bo added to wtif off the reeidoe ; otherwise there w^ he Of ad j 


potash or by sodium ethylate (Oppenheim, BuU, BoCiJfmS^ 
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«xpIo.ion (ToUen* a. Honnin^r, Bull. Soc. CUm. [2] xi, 396). Also by distilling 
clyesrin in excess with hydrKKlic acid ; 

C*H>(OH)* + 3HI = C*H»I + 8H*0 + I’. 

If, on the other hand, the hydriodic acid is in excess, the chief product is isopropyl 
iodide (T. 800); ^ jjjl ^ C>H’I + 8H'0 + 2P 

(Erlenmeyer. Mrud. 1861, p. 607; 1866, p. 824). Hydriodic uctd p^sed 
into allyl ioilido converts it into isopropyl iodide, with sepiiration of iodine : 
C*H^1 + 2III = cnvi + P (M. Simpson, Proc. Boy. Soc. xii. 6J3 k Allyl iodide 
treated at ordinal^ temperatures with zinc, hydrochloric acid, and alcohol, yields 
TiroDvIene caa (Tollons a. lienninger). Heated to 100° in a sealed tube with zinc- 
^thyl it yields diallyl, amyleno, C»n'», and amyl hydride, CW*. The forma- 

tion of amyleno is represented by the equation C*H* -t 
amyl hydride probably by the equation 

2C«HH + Zn(C21P)2 = Znl* + 

Allyl- Zinc ethyl. Amyl Allylene. Ethylene, 

iodide. hydride. 


and that of 


(Wurtz, Compt. rmd. liv. 387). With cacodyl, allyl iodide forms cacodyl iodide, 
As"’(CIP)^I (arsenious iododimethido), and crystals of arsenic iodo-dimethyl- 
diallyltde, As’^(CH'*)2(C»IP)H, which when treated with moist silver oxide is 
converted into the strongly caustic alkaline base As'^(CH*)*(C®H*)®(OH) (Cahours, 
Ann. Oh. Phya. [3] Ixii. 201). 

The chloride, bromide, and iodide of allyl exhibit differences of boiling point nearly 
equal to those observed in the corresponding ethyl compounds ; thus : 


Chloride. Bromide. Iodide. 

Allyl 44-6° — 25'6® — 10^ — 31® — 101° 

! I I 

32-5° 30® 29® 

Ethyl 12® — 28® — 40®— 32® — 72® 


On the boiling points of allyl compounds, see also Oppenheim {Zeit&chr, f. Chem. 
[2J V. 344) ; Tollens {ihid.). 

Allyl lododichlnride, C^HHCE, is produced by the action of iodine mono- 
chloriJe on allyl iodide : 

cnpl + 2IC1 = C>H'IC1* + I*. 


When purified by washing with dilute potash, distilling, and collecting the portion 
which passes »>vor between 205° and 210°, it forms a colourless oil, insoluble in water, 
and having a sweet but biting taste (M. Simpson, /Voc. Boy. Soc. xiii. 54Q). 


Piallyl Compounds. 

Blallyli C®!!’®, or Allyl in the free state, was first obtained by Berthelot a. De 
Luca (i. 140) by treating allyl iodide with sodium. It is also produced : 1. Together 
with other hydrocarbons, by the action of allyl iodide on zinc-ethyl (Wurtz, Compt. 
rend. liv. 887 ; Ivi. 354).— 2. By treating allyl iodide with a pulverised alloy of 2 pts. 
till and 1 pt, sotlium. The action, which begins in the cold, is ultimately assisted by 
heat, and the crude hydrocarbon thus obtained is purifi^ by heating -it for a few 
hours with sodium, and distilling (Wurtz a. Loclanch^, Ann. Ch. Phys. [4] iii. 
120). — 3. By reducing allyl iodide with iron (Linnemann, Bull. Soc. Cnim. [2] vii. 
424). — 4. By dry distillation of morcurallyl iodide (prepared by agitating crude allyl 
iodide with mercury and a small quantity of iodine) : 

(C>IP)«Hg®I» » C®H>® -h HgP -H Hg. 

The diallyl which passes over is purified by repeated rectification over sodium 
(Linnemann, Ann. Ch. Phann. cxl, 180). 

Diallyl is a pungent ethereal liquid boiling at 58® (Wurtz, Buff) ; sp. gr. « 0 681 
at 0°, 0 688 at 17®, 0 6454 to 0-6459 at 68° (Buff, Ann. Ch. Pharm. Suppl. iv. 
145). Vapour density, obs. « 2-92, calc. = 2 84. It dissolves in strong sulphuric 
acid, with evolution of heat, the solution on cooling depositing a hydrocarbon differing 
from diallyl. According to Schorlemmer (A7m. Ch. Pharm. cxxxix. 240), it forms 
with sulphuric acid a pitchy mass, together with hydrocarbons of the series OH*""**, 
analogous to those obtained from coal-naphtha. 

Di^yl belongs to the series but is not a true homologue of acetylene and 

allylene, because its boiling point is lower than that of hexylene, OH**, whereas the 
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boiling point* of acetjlone and alJylene are above those of the corresponding olefines. 
Like all the hydrocarbons of the series, it is bivalent and quadrivalent, forming two 
groups of compounds containing respectively 2 and 4 atoms of univalent radicles. 

I. DiALLYL COMI^OUNDS CONTAINING Two AtOMS OF UNIVAI.KNT RaDICLAS (WuflPtB, 

Ann. Ch. Phys. [4] iii. 129; Jahresb. 1862, p. 493; 1864, p. b\l).--Diallwl 
monohydro chloride^ is produced, together with the dihydrochloride, 

by the action of hydrochloric acid up<jn diallyl. It is a liquid heavier than water, 
having a faint aromatic odour, boiling at 130° -140°. 

Mon ohy dr iodide. — Pr«Kiue«i : 1. Together with the dihydriodide 

(q.v.), by tufc action of hydriodic acid upon diallyl. 2. Together with diallyl, by the 
action of alctdiolic poUisli on the dihydriodide. Colourless liquid, of sp. gr. 1'497 at 
0°, boiling at 164° to 166°. TreattKi for twenty -four hours with moist silver oxide, it 
yields, (1) diallyl and hexylene ; (2) a liquid boiling at 130°-140°, and probably 
identical with diallyl alcohol ; (3) a liquid boiling at 180°, the ether of the same 
alcohol, 

Monoacetate. — Produced in the preparation of the diacotiito, 

and contained in the liquid which distils at 110°-160°. When purified by washing 
with sfxlium carbonate, drying, and fractional distillation, it is a colourless an)matic 
liquid, insoluble in water, of sp. gr. 0*912 at 0°, boiling at 150°“-! 60°. Slowly decom- 
]><>sed by strong boiling potash-lej', more quickly by distillation over solid potassium 
hydrate. J>>es not unite with acetic acid when heat.e<i with it to 140°. 

Diallyl Monohydrate., or Pscndo-ke^lenc Oxide., (C''n**)"0. — This 

is the chief product of the action of moist silver oxide on allyl diliydriodide {infra). 
It is a c^jlourless mobile liquid, insoluble in water, having a very pungent odour, a 
sp. gr. of 0*8387 at 0°, boiling at 92°-9t)°. It is strongly attacked by hydriodic acid 
in concentrated aqueous solution, producing a mixture of diallyl aihydrifsiide, 

('®II*®.H*I*, and a body isomeric or identical with hexylene iodhydrin, the 

latter being formed by direct combination. Iloatcd with acetic anhydride, it yields a 
small quantity of diallyl diacetate, C®II*20(C'ai*0)*0, or C^H‘«.H*.(Cni30*)*. 
Aecorviing to these two reactions, the compound may bo regarded as pseudohoxylenic 
oxide. 

Diallyl Alcohol. C*H'® | q jj. — This compound, isomeric with the last, is produced 

by treating the mononcetate with solid potash, and is also found among the products of 
the action of moist silver oxide on the dihydriodide. It is a liquid, insoluble in 
wates, having an aromatic odour, a sp. gr. of 0*8601 to 0*8625 at 0°, and boiling at 
about 140°. With strong aqueous hydrirxiic acid it becomes hot, and forms a mixture 
wliich, when heated to 100°, yields diallyl dihydriodide. 

II. DiaI.I.YI. CiiMPOUNOS CONTAINING PoDR AtOMS OF UnIVALKNT RaDICLES. A fcW 

of these compijunds were obhiined by Bcrthelot a. Be Luca ; the rest liave been 
(liscovere<l and investigate<l bv Wurtz {loc. di.). The tetrabromide, 0*11 '«Br^, and 
tetraiodule, discovered by Bcrthelot a. l)e Lucu, were originally rcgarde«i 

as allyl dibromido and di-irxlide, C«H*Br2 and (i. 141, 142). Diallyl Tclr a- 

ry tide, is formed in white crystals on passing nitrogen tetroxido, 

rH‘Oh into a solution of diallyl in anhydrous ether cooled with ice and suit 
(L. Henry). 

Dihydrochloride. C^H'MPCP. — Produco<l, together with the monohydro- 
Hilonde, by heating diallyl for six or eight hours with fuming hydrochloric acid. 

1 tie upjwr layer of liquid thereby produced, yields by fractional distillation, mono- 
iiydrixhlonde at 130°-1 40°, and dihydrochloride at 170°-180°. The latter is also 
prjKlucod by heating the monohydrate or dihydrate of diallyl with strong hydrochloric 
acid. It IS a colourless, heavy liquid, insoluble in water (Wurtz). 

A diallylic dichlcr hydrin, produced by the combination of hyp©!* 

chlorous acid with diallyl. The two b^ies unite readily, and with considerabld 
e*rolution of heat, the diallyl, which is lighter than Water, being converted into a heavy 
oil which sinks to the bottom (L. Henry, Zeitachr.f. Chem. v. 479). 

Dihydriodide. — Prepared by beating diallyl in a strong sealed 

1 hours with excess of highly concentrate hydriodic acid, and 

punllea by washing with alkaline water, diying over calcium chlori^, and heating in 
a vacuum to 13^-140°, whereupon diallyl and the monohydriodide distil over, 
pve ditwonodide remains. It is a transparent amber-yellow liquid, insoluble in 

ter, of sp. gr, 2*024 at 0°, does not decompose or volatilise in a yacnmii at 14tf®, 
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■ but rives off iodine at a higher temperature. Treated with or, better, with an 

and tin rich in sodium, .t ,S conve^d ,nta hexylene : 

the monohydriodide being at the same time resolved into several hydrocarbons of 
higher boiling p)int, among which is found the compound boiling between 190° 

and 200° : 2(C%'“.HI) + Na* = 2NaI + In contact with alcoholic j^task^ 

the dihydriodide is immediately decomposed, with formation of potassium iodide, 
diallyl, and the monohydriodide, the two latter distilling over with water : 

C«H>®.H2P + kHO « H^O + KI + 

and 

+ 2KHO = 2IPO+ 2KI + 

Biacetate. — Formed, together with other prfxlucts, by treating 

finely divided silver acetate suspended in ether with an equivalent quantity of diallyl 
dihydrimlido for twenty-four hours at ordinary temperatures. On distilling ^Ihe 
filtered ethereal liquid, ether and a little diallyl pass over first; thei^ between 110° 
and 180°, acetic acid and diallyl monoacetate; afterwards diallyl hydroacetate, 

I boiling at about 210° ; and lastly diallyl diacetate, boiling at 225°- 

230°. The latter is a thick colourless oil, having a slightly aromatic odour, insoluble 
in water, and having density of 1-009 at 0°. It is decomposed by potassium hydrate, 
yielding diallyl dihydrato (Wurtz). 

Biallyl Bihydrate or Pseudohexylene Glycol^ C*II*^0® = “ 

C«H'2(0H)*, is obtained by decomposing diallyl diacehitc, or the crude product of the 
preparation of that compound distilling between 190° and 230°, with a quantity of 
recently calcine<l and pulverised pott^ssium hydrate, just sufficient to saponify the 
diacetiite. Only half this quantity is however added at first, and the mixture, 
after hfiving been heated for a short time, is distilled in an oil-bath at 300°. The 
distillate is rectified ; the residual porti'ui, boiling above 180°, is carefully treated 
with the remaining quantity of potasli, added in two separate portions, till a distinct 
alkaline reaction is each time produced ; and the prtxluct is rectified, the diallyl 
dihydnito passing over between 210° and 220°. It is a thick colourless syrup, having 
a sp. gr. of 0-9638 at 0°, and so expansible that its sp. gr. at 65° (referred to water 
at 0°) is only 0-9‘20'2. It boils botwoon 212° and 215°, dissolves in water, alcohol, and 
ether, and docs not decompose oven at the boiling point of mercury. With hydros 
chloric acid gas it becomes hot without forming any now product ; but when heated in 
a closed vesstd with very strong aqueous hf/drochioric acid, it forms diallyl dihydro- 
chloride : C«H'Mr-(Oli)2 + 21ICI = 2IPO + C-Il’MPCF. With concentrated 
hydriodic acid in like manner it forms diallyl dihydriodide ("Wurtz), 

Diallyl dihydrate is isomeric with normal hexylene glycol prepared by the usual 
series of reactions from hexylene (obtained from mannite, or from the hexyl hydride 
of American potroleiim). Hexylene glycol, C*H'*(OH)‘'*, boils at 215°-220°, that is to 
say, 10° lower than diallyl-dihydrato ; and hexylene diacetate, C*II‘®(C*H*0®)*, boils 
at 207°, or from 5° to 7° lower than diallyl diacotato. 

The isomerism between normal hexylene glycol and diallyl dihydrate or pseudo* 
hexylene glycol may bo represented by the following formulae : 

CH^OH H*a CH«OH 


Ah* 

<!:h»oh 

Hexylene glycol. 


V_H 

ij — H 

OH 

Diallyl dthydrate. 


JkJUEiTXJlBKZn* 

who obtained it by disi 


JMLX 2711 . (C*H*)H*N.— .This base, discovered by Cahours and HoftnamiL 
it by distilling allyl cyanato with potash (i. 146 ), is likewise }UX)di]ced 
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by the action of sine and hydrochloric acid on an alkaline aolution of aUyl sulpho* 

cyanate (mustard oil) free from cyanate : 

(C»H*)CNS + 2H»0 - (C*H*)H«N + H*S + CO» 

7^0 acid Bohitiott freed from alcohol yields with potash a distillato, which^ whoa 
neutralised with hydrochloric acid, first deposits crystals of sal-ammonmc, and after- 
wards deliquosoont crystals of allylamine hydrochloride, soluble in strong 
alcohol. The base, OTl'N, separjitod from this salt by distillation witli potash, forms a 
c<^lourles8, rather mobile liquid, having a burning, sharp Uiste and a pungent, amino- 
niacal, faintly alliucoous (xlour, which excites sneezing and lachrymation. Boiling point 
68®; sp. gr.*- 0861 at 15®. Burns with bright flame; mixes in all proportions 
with water, proclucing rise of temperature ; has a strong alkiiline reaction, and pre- 
cipitates aiuminic, ferric, mercuric, cupric, and argentic stilts, the procipihites formed 
in the lust two ctises being soluble in excess of allylamine. Sidnhatc of aHylnmine 
forms feathery crystalline aggregates, permanent in tlie air. The plat ino-chloriite^ 
C*H“NPtCl*, crystallises in orange-yellow monoclinic prisms fltiUonecf out into plates 
(C. Ooser, Ann. CK* Phartn. cxxxiv. 7). 

^ C»H*C1) 

DimonochloraUylarMne, C^H^CBN ■■ C*H<CllN, is produced, together with sal- 

n) 

ammoniac, by heating trichlorhydrin, mixed with 7 or 8 rol. alcohol and saturated 
witii ammonia gas, to 130®-M0° under pressure for a few days. The product is 
saturated with hydrochloric acid, and the hydrochloride of dimonochlorallylamine is 
dissolved out by alsoluto alctthol. The base separated from this salt by potash is au 
oil boiling at about 194°, heavier than water, slightly soluble therein, very soluble 
in alcohol and ether. The aqueous solution contains enough of the base to procipitato 
copper and silver salts. The base emite vapours oven at ordinary tomporaturos. 
Tlie hydrochloride, N(C*H^01)^1I*CI, is soluble in water and ulcfihol, and separates 
from the latter in a mass of small deliquescent noodles fusible below 100°. Tlio 
jihitinochloride, [N(C^H*Cl)*HClJ2.PtCl*, is a yellow crystalline prcxnpitate, soluble in 
water, slightly soluble in alcohol, insoluble in other (C. Englor, Bull.' Soc, Chvtn. 
[2] ix. 134). 

Dijnonochlorallyle thy famine, ■N(C*II^C1)*(C*H‘), is formed by beating the preceding 
base to 100® in scaled tubes with a large excess of ethyl i(xlide. Separated by potash 
from the resulting hydriodide, it forms an oil boiling at a little above 200®, in otlicr 
rcspc'cts rcsemljling the preceding. Its hydrochloride also has the aspect of that of 
dimonochlorallylsiniino, but it is much less soluble in water and in alcohol. The 
pfaiinochloride, [N(C*IPCl)*C*n^.HCl]*PtCP, is crystalline. The base treated with 
ethyl iodi<lo yields a crystalline mass, probably consisting of [N(C*H*C1)*(C’*H*)*I 
(Englcr, foe. cit.). 

ikliXi'r&-All‘ZXi»B, N(C*II*)(C*n*)II, is produced by the action of allyl iodide 
on aniline (iv. 449). 

A.XiXiT&Birs. C*H*. — This hydrocarbon was discovered by Sawitsch {Compt, 
rend, lii, 399), who obtained it by the action of sodium ethylate on monobromopro- 
pylene ; 

C«H^Br + NaOC*H» - C*H* + C^lPO + NaBr. 

Fertile mrKle of preparation see Appendix to vol. i. (p. 1112). It maybe obtained 
in like manner by the action of 8<xlium ethylate on monochloropropylene, C*H*C1, 
pivjcluced by treating acetone with phosphorus pentachlorido (Friedel, Bull, Soo, 
Chim-. 1864, ii. 96). It likewise resnlta from the action of sodium on the dichloride 
of dichloracetone (or allylene tetrachloride), C*H*CP (Borsche a. Fittig, Ann. Ch, 
Pharm. cxxxiti. Ill), and on glycidic dichlorido or tetrachloride, C*H*CP and C 
(Pfeffer and Fittig, ^id. cxxxv. 267). The reaction in either case is veiy violent, 
and, to avoid explosion, it is necessary to mix the chlorine-Cf>mpound with five or six 
times its volume of neutral hydrocarbons boiling at 100®-! 20® (obtained by recti<fe|;^ 
Qition of commercial benzol and purified by distillation from sodium). The mixtuilF 
18 gently heated, and the gaseous allylene which is given oft is absorbed by 
ammoniiical solution of cuprous chloride, from which it is separated by treating the 
resulting cuprous allylenide with dilute hydrochloric acid. 

Allylene is a colourless gM, having an unpleasant odour, and burning with a bright 
and verj^ smoky flame. It ti very soluble in alcohol, and dissolves in water readily 
***®^“to *‘®nder it necessai^to add common salt to the water over which it is to be 
collect^. With an ammoniacal solution of cuprous chloride it forms a canary-yellow 
precipitate ; with fMreurous nitrate^ a dark-grey precipitate, which decomposes without 
detonation when heated ; with silver nUraie, a white precipitate, whieh is deoompoied 
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bj heat, with explosion and production of a reddish flame. Allylene gently heated 
with Bodium is partly decomposed, with formation of acetylene-sodium, separation of 
charcoal, and increase of the gaseous volume : 

C*H< + Na* = C^Na® + C + 2H». 

The residual gas contains a small quantity of propylene (Berthelot, tTahtesb, 1866, 
p. 624). Allylene is absorbed easily and in large quantity by strong sulphuric acid^ 
and may be thereby distinguished from acetylene, which is but slowly absorbed by 
sulphuric acid ( Berthelot). 

Allylene dilfers from the saturated hydrocarbon, propane or propyl hydride, C*H", 
by 4 atoms of liydrogen, and therefore acts as a quadrivalent radicle, taking 4 at, 
Br, Cl, &c., to form saturated compounds ; but it can also form unsatimited compounds 
by combination with 2 at. of a univalent radicle, or 1 at. of a bivalent radicle. 

In Hofmann’s systematic nomenclature of hydrocarbons {Proc. Boy. 8oc. xv. 67) 
allylene is designated as propine : 

C>H« (Cm^y (C»H*)"" 

Propane. Propene. Proplne, 

Sromine-compounds of illlylone (Oppenheim, BuU, 8oc. Chim. [2] ii. 6 ; 
iv. 434). — When allylene is acted upon in the shade by bromine, added in drops or 
brought in coiibict with it in the state of vapour, a transparent liquid is forme<l, which 
is a mixture of the two bromi ne-com pounds, C*Il'*Br^ and C*H^Br*; if, on the other 
hand, the action takes place in sunshine, hydrobromic acid is evolved, and a black, 
partially carbonised liquid is produced. The comjwunds formed in the shade, may be 
separated by distillation in a Amnium. 

Allylene dihromide^ C^H^Br^, is a colourless, sweetish liquid, the vapour of 
which excites a copious flow of tears. Sp. gr. = 2*05 at 0°. It boils in the air 
wilhout decomposition between 126° and 138°, the greater part distilling over at 
132°. It is tlu.'.roby dist.inguislied from glycidic dibromide or epibromhydrin (ii. 899), 
which boils at 161°-162°, and from dibromopropylone, which boils at 120°. It 
unites with bromine in the shade without elimination of hydrobromic acid. 

Allylene tetrahromide^ C^H^BrS the chief prcxluct of the action of bromine on 
allyleiio, i.s a colourless liquid having an mlour of camphor and a sp. gr. of 2‘94 at 0°. 
Under a pressure of 1 contimotro it distils almost completely between 110° and 130°, 
and under the ordinary atmospheric pressure it boils, with evolution of hydrobromic 
acid, between 226° and 230°, that is to say, nearly at the same temperature as 
dibrimiopropylono dihroniido, C^H^Br-^.Br* (226° according tx> Oahours). Mercury 
does not act upon it at 100°, but carbonises it completely at 130°. Heated with an 
alcoholic solution of potassium acotate, it decomposes in the manner shown by the 
equation ; 

C»H*]3r‘ + = C»H"Br> + KBr + + H>0. 

Allykmo PotaRsium Alcohol. Tribromo- Ethyl 

tetrabromldo. acetate. propylene. acetate, 

Tribromopropylone, the chief product of this reaction, is a very stable, colourless 
iM^uid, which boils between 183° and 186°, and is thereby distinguished from the 
isomeric broniallylene bromide, C^H^Br.Br^, -which Liebermann has obtained by the 
action of bromine on argentic allylene {infra), this latter compound being completely 
deeomjK)sed by boiling. 

Iodine-compounds of .a.llyiene. Allylene ‘JQ'HH*, is most 

easily «>btainod by exposing allylene for two months to the action- of a solution of 
iodine in poUvssium iodide, in bottles filled with the liquid and exposed to sunshine. 
After washing with |>otash it forms a slightly coloured oil, boiling at 198°, and having 
^ S'*- °f ^‘62 at 0°. It turns brown when exposed to light, and is slowly attacked 

by acetate and oxalate of silver. With an alcoholic solution of potassium acetate it 
yields allylene and ethyl aceUite (Oppenheim, BuU. Soc. Chim. [2] iv. 434). 

Allylene dihyd riodide, C^H^.HH*, isomeric with propylene di-iodide, is pro- 
duced by direct combination of allylene with concentrated hydriodic acid (Oppenheim, 
loc. cit. ; SemenofF, Und. [2] v. 446). It is a heavy, peculiar-smelling oil, ha-ving a 
sp. gr. of 215 at 0° (Oppenheim), 2*448 at 0° (Semenoff). Boils with decom- 
position between 147° and 148°, but may be easily distilled in a current of steam 
or of any indifferent gas. It becomes coloured by exposure to air or light, dissolves 
apvringly in alcohol, easily in other (Semenoff). 

The mo n o hyd r iodide, 0*H^.HI, isomeric with allyl iodide, cannot be obtained 
by direct combination, but is produc^ by treating the dihydriodide with an equivalent 
quantity of potash in alcidiolic solution, and mixing the distillate with water. It is 
a colourless, strongly refracting litpiid, scarcely coloured by light, and having a strong, 
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but agreeable odour. It IkmIs at 82® (Semenoffb 93®'-103® (Oppenheim), and has a 
sp. gr. of 1-8346 at 0®, or 1-8028 at 16® (Semenoff). 

Cblorine-oompounds. The chlorine-comj^ounds of ollyleue hare not been 
formed by direct coniV)ina(ion, but comjHuiiids isomeric, or perhaps identical, with 
them have been obtaine<l from ot her sources. Thus Jlorscho and Fittig Ch 

l*harm. cxxxxiii. Ill ; Jahret!b. I860, p. 313) by treating acettmo Muth chlorine have 
obtained compounds containing and Cl*, the former boiling at 120® and 

the 1. liter at 153®. The latter is identical with Linuomann'.s dichloracetomi dichlorido 
(p. 27). By treating glycidic tliehlorhydrin (cpidichlorliydnn), (ii. 890), 

with chlorijie, the same choiiiists have obtained the compound C“H*Cl\ isomeric with 
the preceding, and distiliiiig at 161'^. Hiihiior a. Geuthcr (Ann. Ch. Pb ar?n. cxW. 
30), by treating aoroluin MOth ]>hosphorus ]K.>nU»ehloride, havo obtained a com- 
jKiund, whicli they designate as allylone dichloriile. 'When purified by 

washing with water, desitvatl m with caleium chlori<lo, aiul reel ilieat ion, it is a 
colonrlesa oil of sp. gr. 117 at ‘.!7 5^. having a .sweetish I'lhereal odour, like tliat of 
chloroform, and boiling at 84 4®. It is distinguished from epichlorliydrin by not 
being acted upon by siwlium. Another bo<ly having tlio same composition appears to 
bo formed at the same time. 

By heat ing 1 molecule of the chloride just mentioned with 2 molecules of silver 
m-etalo, lliibnor and (ieutlier have ohtaiiied a compound which they regard as 
a 11 y 1 u n 0 d i a c e t a t e : 

H- 2AgC‘Ib‘fB = 2AgCl + C=’ll*(0qr’0'^)2. 

The same compound is oijfjiined by heating equivalent quantities of acrolein and 
jvt t'fic anhydride iti closed vessids. It is a colourle.ss liquid, liaving an acrid tasto 
and fishy odour ; sp. gr. -- ro76 at 22® ; distilling at about 1 39®. It slowly rod uces 
ail ammoniaeal solution of silver nitrate, and when lieatod with potash yicUla potas- 
sium acotate and acrolein. 


Suhditutum-dcrivative.^ of Allyhne, 

Argrentallylene, C^ll’Ag, is produced hy tlio action of allyleno on an ammoniaeal 
solutitiu of silver nitrate. a.s a very light white precipitate, altering like silver 
chloride when exposed to light. Acids docompo.se it, rtiproducing allylono. When 
thrown on broiniTit* or on phnsphoric or antimonic chloride, it takes fire, and burns 
w illi a hissing iu»ise. It may be dried between 60° and 70 and detonates at about 
1 ->0® M'lt hout previous fusion, but with se])!inif ion of spongy cliareoal (Liebermunn, 
Ann. ('h. Jharni, cxxxv. 26f)). According to Sawitscli, on tht< contrary, it explodes 
wlmn lu alod, witli jiroducHon of tlanu'. It is attackisl by a solution of sal-ammoniac, 
forming a liquid which decornp Si s on boiling into allyleno and silver chloride; 

C^lPAg + NH’Cl - AgCl + C"H* + NiP 
(Tk>rthelot, Jahrr.A). 1866. p. 523). 

Pile precipitates formed by allyleno in solutions of other metallic salts appear to 
be analogous in conqiosition to tlioso formed in the same solutions by acetylono (p. 35), 
the copp. r-compMund, for example, consisting of cuprosal lyl oxide, (C’'Il*Cu'^)20 ; 
they are. liowever. much more unstable than t he acetylene compounds. Boi-thelot thifiks 
it probable that the precipitate formed by allyleno in ammoniaeal silver nitrate may 
^insist in the first instance ol argcntallyl oxide, ((J®ll*Ag*)*0, wliich quickly changes 
into argentallylenc. 'i J B 

Zodallylene, is formed by gently heating argentallylcno -with a solution 

of iodine in potiissium iodide, and passes ^A-er W'ith the aqueous vapour as an oily 
twKly having nearly the sp. gr. of FT, and boiling at 98®. It has a pungent odour, 
attacks Lh<^ eyes and the mucous membranes, dissolvo.s easily in other, saircely at ali 
in alcohol, slightly in water, but easily in acetic, acid, from wliich it is precipitatisd by 
wafiT in its original stiite. It is not attacked by potash-loy, stxlium, or wjdium 
ethylate ; but liy zinc and hydrochloric acid or by cim-amalf/a/n, it is decomposed 
wnh Separation of allyleno. Jirot/ihie cautiously added to cooled iijdallylene unib-s 
with u, forniing the di bromide, (.'*11*1. Br^ a heavy oil w'hich turns yellow when 
exposed to light . Tlio d i - iodide, may also be formed by direct combination, 

mt m ire easily by agitating dry argentallylene with an otherotil srdution of iodine till 
lie colour tbsappears, and then adding another ecjual quantity of iodine. The 
prxiu^ IS then loft to itself for a week, the excess of iodine removed by agitation 
potash, the ethereal solution evap<jr»tod, and the remaining crystals o{ 
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diallylene-cliiodido washed with a little other. Tlie di-iodide, when crystallised 
slowly and in the dark, forms colourless lancet-shaped needles, often half an inch 
lon^. It is very sensitive to liglit ; may be dried over calcium chloride, but not over 
oil of vitriol ; molts at 04° ; clecom poses at about 78° ; and dissolves easily in ether 
and in chloroform, less easily in benzene, and still less in alcohol. Heated wth 
pulverised potassium hyf Irate, it is reconvert into iodallylene (Liebermann, eiY.). 

Bromallylene, CHPIlr, and products derived ft>om It. Bromallylene 
dihromidfi, is prodnced l)y atlding bromine to ai^entallyleno 

(not previously dried) suspended in water, an<l passes over on distillation, together 
witli tlio aquo nis vu}^)ur. It is an oily body, which decomposes when distilled alone, 
yi(il(ling hydrohroiiiic acid and allylone bromide, (?). 

Bromalfylene, C^H^Br, is formed (together with CHI^Br^) when allyl tri- 
hromido, C^iPBr^, or its isomeride, bromopropyleno dibromide, CHPBr.BP, is treated 
with a considerabhi quantity of alcoholic potash. By the furtlior action of the 
alcoholic potash— which acts like potassium ethylate, replacing the bromine byoxothyl 

08113 ) 

— bromallylene is converted into oxe thy l-al lylene, C“H®(OC*H*) or 

C^H^Br + KOC^h^^ = KBr + C*H50C2H^ 

The univalent radicle C“1I’ is called by Liebcrmann propargyl, and the ethereal 
compound just mentioned is accordingly designated as propargyl ethylate or 
ethyl propargy late.* 

'Ibis other can exchange an atem of hydrogen belonging to the propargyl for 
silver, forming ethyl argon topropargylate or argon topropargyl ethyl- 
ate, 0*iPAg(0C-IP), which is obtained by heating allyl tribromidc ter a long 
time with alcoholic poUish, then distilling off the alcohol, diluting with water to 
separate a brominated oil, and pouring the aqueous solution into ammoniacal silver 
nitrate. The silver-compound then separates as a dazzling white bulky precipitate, 
which presents no appearance of crystallisation. On the approach of a Hame it 
melts, explodes, and leaves a residue which burns in contact with the air, leaving 
metallic silver. Acids abstract the silver and convert the compound into ethyl 
propargyl ate or oxe thy 1-ally lone, C^Ib^OC^IH). The pure ether thus 
prepared boils at 72°. lake allylone iteelf, it unite.s directly with iodine, forms a 
yellow precipitate with ammoniacal cuprous chloride, and with ammoniacal silver 
nilrato a precipitate identical with the silver-compound above described. 

Ethyl argontopropargylate or oxethyl-argentallylene, C“lPAg(00'‘^Il'‘), reacts with 
iodine and bromine in the same manner as argeiital lylene itself, taking up an atom 

C*1HI ) 

of iodine in place of silver, and forming the compound C*IHI(OCHH) or 02 jxs(^* 

which again can take up iodine and bromine, forming the compounds C*HH(OC’‘'H*).P 
and CHPl(OCHl").Br^. 

Methyl propargylato or propargyl methylate, C®H*(OCH*) or 

is produced by boiling tribromallyl with a solution of potash in methyl alcohol. It 
forms with ammoniacal silver nitrate a lemon-yellow precipitate, consisting of 
C'*Il*Ag(OClP), from which the pure ether may be obtained by tripatment with acids. 
This silver-compound distilled with a solution of iodine in potassium iodide 
yiohls the compound (?*HH(OUII*), which passes over as an oil, and solidifies at a 
low temporaturo in fine needles, but docs not resume the liquid state till heated to 
12 ^^ (Liebermann). 

Propiylphycito, C*H*0^ the tetratomic alcohol which Carius obtained by 
combining epichlorhydrin, C®H* with hj'pochlorous acid, ClHO, and treating the 

resulting compound, (C*H*)** S , with potash (v. 893), is perhaps identical 
with allylene alcohol, 

AXiXtTXi-JBTHTXi. — A hydrocarbon, isomeric with amylene, 

pnxUiced by the action of allyl-iodido on zinc-ethyl. (See Amylknb.) 

C*H ^ } 

AXXi'SX-llTSTXiZO 03UnDB« qsjjs 1 0. — This compound, produced by the action 

* It la laomcrio with the pcntatomic radleie proplnyl, C»H», derived from propone hj otistnetica 

of 5 atoms of hydrogen. . 
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of ethyl iodide on potassium allyhitc (i. 142), and by that of alcoholic potash on allyl 
chloride (Oppenheim, virf. unites directly witli bromine (like allyl alcohol), 

forming the conjjwund which distils between 193° and 196°. It is a 

ctdourless liquid, which sniells like dibro in hydrin, becomes coloured when left to itself, 
and is jiartially decomposed by distillation. Tlio corn>sponding chlorino-conipoun<l 
boils at 165°. The bromine -com pouiul docs not appear to bo decomposed by zinc- 
methyl in etlicreiil solution. Seuii urn-amalgam withdraws the bromine, reproducing 
allyl-ethylic ether (Morkowiiikjlf, Jahresb. 1805, p. 492). 


A.XZiYXi*MSXHYJj. 0}l“ = C*iP.CH*, isomeric with butylene (^.w.), is produced 
by the action of aUyl-io<lido on zinc-methyl (Wurtz). 

Of this drug there arc two principal varieties, viz. a dark, opaque, liver- 
coloured variety called Aloe hopatica or liver-aloes, and a lighter kind, trans- 
parent in thin splinters, calh'd Aloe I n e i d a. 

1. Liver-ah>e8 is «>btiiiiied nu'st abundantly in llarl)adi>es, from Aloe vulgaris ; it 
forms dry blackish lumps, having a <IuU fatty lustre, easily splitting into angular 
fragments, and yielding a brown-groy powder. A somewhat iliiVovent Aloe hepatica 
is iinpurteil from Southern Arabia, by w^ay of Horn ba^', and is honeo callo<l Indian or 
Bombay aloes. It i.s of a more brownish black, tdten imiced of a rather light liver- 
brown colour, breaks into large angular lumps, and yields abiownish to browni.sh-yellow 
or nearly orange-eolou red powder,— 2. Aloe lucidais pr*Kluced in largest quantity 
near Algoa Bay, in the Ca]>e tNdony, chieily from the species Ah>e spirata, A. aj'ricantf, 
A. Jerox, and A. liityna \ it i.s known in comnurce as A 1 oii c a pen s i s aiid Aloe 
socotrina. The latter name is derived from tlio islaml Socohira, on the const (d* 
Arabia, which was formerly the only source of this kind of >dues, but now yields little 
or none of it. Aloii lucida when dry forms a nearly uniform mass, having a strong 
vitreous lustre, traiisluceiit in small splinters, nearly bhu-k by retleeted light, breaking 
very easily into broadly conehoidal sharp-edged lunip.s, or into small reddish to light 
yellow-brown splinters, and. yielding a light yellow powder. 

All kinds of aloes have a peculiar odour, somewhat like that of myrrh and of saffron, 
and a bitter disagretiablo taste. Pure aloes dissolves comf)letely in alcohol, forming a 
chyvr solution ; partly in cold water, almo.st completely in boiling water, livor-aloo« 
however leaving a somewhat larger r<'siduo than the translucent variety. The opales- 
cent yeibjw .solution in a small quantity oi hot wat(u* becomes turbid on the addition 
qt more water, Irom separation of yellowish reHitious ilrops, which on cooling cohere 
inbi a resinous ilepqsit. The clear soliition has a slight acid reaction, is coloured 
dark-!)rown by alkivlis, black by ferric ehlori<le, and forms a yellowish-grey precipittito 
uith Iciifhacebito. Cold water dissolves about half the aloes, forming an acid solutioh 
which exhibits the same characters; it is not preoipitiitcd by alcohol, and is therefore 
fre-e from gum (Fliickigcr, Lthrhuch dvr Pharmakoynosk des Pjlanscnreichs, Berlin, 
1867). 

From tho experiments of Kosman:: {Bnll. Biw, Chhn. 1863, p. 630), which were 
made upon Cape aloes, it appc.'irs that tho portion nf this drug which is soluble in 
w.ater (the ofticiiial F^traciuvt aloes) and tho insoluble portion [resin of aloes) have 
the saiue percentage comj»o.sition, and are both resolvable by boiling with dilute 
su phuric acid into glucose ttid several resinous hollies. Ho supposes that both these 
BubHtancesnre forme<l, during the eoneeutration of the juice, by oxidat ion and hydration 
ot atom, the active principle existing in the biticiferous cellules of Aloe sj^icala : 

3C'Hl‘»0" + O* + 611^0 = 3C»’H”0’» or 

Soluble IniMtlublo 

ulues. aloes. 


o S o 1 u b 1 c a 1 o e fl IS a yellow amorphous mass composwl of agglomerated granules, 
y boiling with dilute sulphuric acid it is resolveil into glucose (arnotinting to 16*8 per 
cent, of the soluble aloes) and two resinous acids, one of which, al oeros i c acid; is 
precipitated, together with aloerotin, while the other, aloiiretic acid, remaiiK in 


6C‘»H«0'* =:r -f + 4H*0. 

Soluble AloiJrralo Alodrctic Glucoiie. 

aloes. aetd. acid. 

+ O’* 8H*0 » C**H<*0^ 

Alot^resic Alo8retlii. 


insoluble in ether, has a yellowish-brown colour, and appcaiw 

« insoluble in ether, is a 

rpaotis resin, not possessing acid properties. Alo'iretic acid, which remains in 

u 2 
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cwlutioTi togctlior witli tlio is sojiiinitctl l)y prccipituting it witli Ic&cl dcot-nto^ 

decomposing the precipiUito with h^ilrogon sulpliitio, and treating the precipi^ted lead 
sulphide with alcohol. It forms a hn»wn shining resin, composed of microscopic 
rhomboidal tablets ; is nearly insoiublo in pure water and in ether, sparingly soluble 
in alcohol, more frequently in water containing sugar. 

J8. The portion of C^apo alocis which is insoluble in water is yellow, soluble in alcohol, 
and* remains, when the alcoholic solutionis evaporated to dryness, in yellow, trans- 
parent, shining grains. Jly ])oiling with snlpliuric acid in alcoholic solul.ion it is 
resolved into glucose (amounting on the avci-age t-o Id per cent.), and a brown rosin 
soluble in alcohol and in sodium carbonate, and separabhi by ('ther into alolresinic 
acid, soluble, and a 1 oe r e t i n i c acitl, C'^11'‘*0*^, insoluble in that liquid. 

IJiit these lormulue, as well as those of the products previously described, require 
conilnnution. 

According to ITlasiwctz {Ann. Ch. Pharm. cxxxiv. 287 ; cxxxvi. 31), aloes boiled 
yv\\h diluie sulphuric, acid yiehls paracoumar ic acid, from which liy 

fusioti with potassium liydrnt.o, ])ara.oxybcnzoic acid, C'H'O^, is obtained, as also, 
together with orcin, from aloes itself, l^imcoumaric aci<l appears also to he formed, 
tf>g(;t.h(!r witli a small quantity of a fragrant volatile oil, a volatile fatty acid, and a 
volatile base, by boiling ah.H'S with caustic soda-solution ( Kochlcder a. Czumpeliek, 
J. pr. Chem. IxMxiv. 130 ; Jahre h. 18G1, p. 7-13). Aloes heated with nitric acid is 
convorh'd, iirst into aioeticacid, ; (hen into chrysfimniic acid, 

(.''IPN'O'* ; and finally inh> pi cr i c and oxa 1 i c ac i d. Jiohiqiiot, by distilling aloes 
with (pdckHine, obtained uloisol (i. 118), a colourless or yellowish oil, smelling like 
amyl alcohol and bitter almond oil, and remaining liquid at —20^. Kembold {Ann. 
Ch, Phanu. cxxxviii. 18f») obtained from aloes 1 per cent, of this oil, W'hich ho 
found to be a mixture of xylyl alcohol with acetone and hydrocarbons, 

iUXiOZSTXC ACXU. — This acid, discovered by Schunck, and analysed 

by him and by MuMer (i, 148), with somewhat discordant results, has been further ex- 
amined by I'inck Ch. Pharm. cxxxiv. 230), whoso result/s ditfer from those of both 

the chemists just named. To prepare the acid, the mixture of chrysammic, aloetic, 
and a small quaid.ity of ]ncric aciil, obtained as a. green precipitate Viy treating aloes 
with nitric acid, as in »Schunck*8 proci'ss, is digested with aqueous potas.sium acetate 
till the acetic acid is expelled; an<l the resulting potassium-salts are treatetl with 
cold water, which dissolves onl^^ the acetate : the resulting solution, mixeil with barium 
acetate and evaporated, yields warty crystalline crusts of barium aloetatc, from which 
the aloetic acid may be separated by cold dilute nitric acid. 

Aloetic acitl thus obt^iined is a yellow amorphous powder consisting of 2C’^n*N'0®. 
11*0. It dissolve.^ sparingly in cold water, more easily in boiling water and in aleoliol, 
forming puiqih'-red solutions, which l);'Comc yellow on advlition of acids, and red agaiu 
when neutralised. It has a strongly hitter and acrid taste, decomposes carbonates, 
and forms with the alkalis and alkaline eartlns, salts which dissolve hi water with rod. 
colour; with other mehiUic oxides, sparingly soluble salts. The contains 

(jniAgN-’O’; the barium S(dl 

Aloetic acid is converted l)y boiling with nitric acid, first into chrysammic, then into 
picric acid. Digest, (d with a .solution of potassium or ammonium .sulphide containing 
excess of alkali, it forms an indigo-l)lnc, gelatinous .substance, 0'All’*N'^0^(?), slightly 
soluble ill water, more .soluble iu alkalis. 

AXiOXZr. — This suhslunce, the purgative principle of aloes, was first 

isolateil by T, and II. Smith {C'hr/u, (ia.r. ISol, p. 107) front Ihirbadoes aloes. In 
Akhl hrpni tea it appears to exist wholly in the crystalliiie skate; in other varieties partly 
amorphons, ]>artly in an altered condition, (iriowski {Zc'tUchr. auat. Chem. v. 300) 
prepares it from Aloe hi padea [? Indian or llomhiiy aloes, p, 99] by dissolving the 
substance in 2 parts of water at U0°-9o'^. and leaving tlui clear decanteil liquid to 
evaporate freely for ten or twelve day.s. The aloiii, which tlnm separates as a dark- 
yt'llow granular mass, is pressed between filter- paper and further purified by crystal- 
lisation, first from water, then from alcohol, llarhatloes aloes is treated with only 
1 part of water of the temperature above mmitioned, the remaining fourth being 
atidod after cooling; the whole of the resin then separates after 12 hours. The 
decanted li([nid i.s treated as above. 

Aloin treated with dilute sulphuric acid is resolved into glucose and rottlerin 
(Ozumpolik, 1861, p. 743; IWhieder, ibid. 698): 

-I- 2n^O - 

Alotn. Glucose. Rottlerin. 
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According to Oraebe a. Licbcrmann {Zeitachr. /. Chcnu [-2] iv. 503), aloin treated 
with zinc-duet is converted into anthracene. 

iLXfOSA MSXrBABSir, OZZ. OS*. Seo Menhaden Die. 

AlUPHik-TOXilTXC ACZZ>t and its derivatives (v. 863). 

AX.PBA«irsxrxc acix> (v. 970). 

AXPHA-XTliZC ACZB (v. 1062). 

AXiSTOKZA. The bark of Ahtt.nia constricta (an apocycyancous tree growing in 
Australia), whioh has a bitter taste and slight cainphorous odour, contains, aocording 
to Palm {iTahnsb. 1863, p. 615), a neutral resinous bitter principle (similar to 
cailceiirin and tulucuniii), a volatile oil smelling like camphor, ai\ iron-greening 
tannin, gum, resin, fat, wax, protelu-substanco, oxalic acid and citric acid. The tish, 
amounting to 6 06 per cent, of the bark, contains in 100 parts: 

Na‘0 K*0 NaCl CaO MgO MiPO* P-O* SiO> CO* 

0-48 6‘96 3 06 32 83 3 61 3-43 ()*78 9-33 trace 15 60 23 50. 

AXiSTONXTB. BromJifft . — The orthorhombic variety of caleiivbaric carl)onate, 
]laCO*.( aCO*, found in the lead mines of FallowfieM in Northumberland, and Bromley 
Hill, near Alston, in Cumberland. The eiystals, <lerived from a rhombic prism of 11 8*^ 
50’, are doiiblo hexagonal prisms, n'sulting from the interpenetnilion of six octohodml 
crystals having a common vertical axis. Basal angles = 122^ 30' and 142°; re- 
entering angle = 178° 51'. 

AIHA*jri>X*r. An albuminous sul>stance, contained, acc(mling to Coimnaille 
(,/. PJ/arm. [4] iv. 108), in sweet almonds, and obtained by preci[)ilntingfilter((d almond 
milk with hydrochloric acid, dissolving the })reci})itate in alkiilino water, and again 
precipitating \vith liydrt>cliloric aci<l. Its acidnlaic<l solution forms with platinic 
chloride a precipitate containing 7*02 to 7‘45 per cent, plal imini. The solution in dilute 
hydrochloric acid also gives a precii)itate with mercuric chloride. 

ABC ARXZdrS. — The suli>hate of this base, obtained by direct combi tIfttioTI, 

is described by Laurent (Ajtn. Ch. P/utrm. lii. 359) as an aci<l salt; but according 
to a recent examination by P. (iiv)th {ibid. clii. 122), it n])})(iarH to bo a nentml 
sulpliaU), liaving the composition 2(C^'jI''N*)-S( )f7ir-(). It is nio<Urnlely sohlble in 
water, and gives off its water of cry'shdlisation b< t ween 100° and 110°; at 150° it 
becomes nearly insoluble in water, but does not lose weight. By recrysbillisatioft it 
is olitained in moncH’linic combinations, <c P . (ooPcc) . 00 Pco . (i^oo) . oP. Axetf, 
it \ b'. c\ 0'8537 : 1: 0-8531. Anglo of inclined axes -=* 97° 12-5'. Cbavago 
]':irallel to oP and (Poo ). The plane of the optic axes is perpendicnlar to the planet 
of .symmetry. Anglo of optic axes tbr the re<l ray -- 00° 33' (Grotli). 

h»s.Kil resin wenrring in large lumps in the lignite 
formation of Drury and llnnua, in tlie jirovinoe of Anekland, New Zejilamb It is 
amorphous, with concboblal fr.aeture, semit ninsparent, brittle, and of yellowish-grey 
cr*1our. Hardness — 2; sp.gr. — 1 034. Burn.s with a yellow smoky thimo ; when 
h« ati .1 on platinum-foil it gives <iff wliit^; fumes before molting, and then takes hre. 
Nrongly electric when nibb(Ki. Dissolves in carlion bisulphide, with sep.'iration of a 
wliite translucscnt amorphems mass; not in alcohol, ether, t.urpcntiiio-oil, benzene or 
ehioroform, oven at the boiling lient. Fused with |s)tasli it turns brown, and floats 
on the surface as a viscid browm m.ass. By boiling for some hours with strong nitric 
acid, it is decompo.sed, the li<juid Ix^coming orange-rod, and depositing on evaptiration 
a yellow sticky mass, together wit li a few microscripic cry-stnls. ';riio ash contains 
iron, calcium, and so<lium (v, Hauer a. Maly, Jahr<»h. 1806, p. 1034). 

AMMOXrXA. Pr. parntion , — Ammonia prepared fnim the commercial chloride or 
Kulphatc always contains small quantities of compound ammonias. To obtain it 
quite pure, it is necessary in the first insUmce to purify the salt from which it is to 
>0 evolved. Pure ammonium cliloride may bo obtained by boiling a saturated 
wdution of c^mimercial sal-ammoniac with ^th vol. st.rfmg nitric jvcid, till chlorine is 
no longer orolve<l, redissolving the salt which crystallises out on erjoling, and again 
beating this gr^Iution with ^,th vol. strong nitric acid. Pure amnioitium sulphate is 
(mtainiHl by heating the commercial salt with |ths of its weight of strong sulphuric 
acid till decomj^josition aimmenccs, adding a small quantity of nitric acitf, and 
beating the liquid till it is decolorised. The nmm^wiia evolved from either of these 
pure salts by heating with calcium hydrate has merely a pungent odour, quite, 
that of common ammonia. 

ammonia may also l>6 nobtaincd by digesting potassium nitrite 
tn*om 1 kik*gr. saltpetre) with jjotash-ley, of sp, gr. 1 25 (15 litres), granulated zinc 
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free from carlx>n * (3'5 kilogr.), anrl iron wire which has been ignited in the air and 
then reduced in a current of hydrogen (O f) kils.), and finally distilling the mixture ; 
or better — in order to avoid the rapid disengiigemcnt of hydrogen ~dccn.nting the 
liquid from the metal, and distilling it with gentle ebullition (8Uis, ZeiUchr. anal, 
Chem. vi. 423). 

Liquefaction of Gaseous Jmmonta . — Loir a. Drion (Jahresh. 1860, p, 41) liquefy 
ammonia gas by moans of the cohl (— 50°) piuxlncod by the rapid evaporation of 
liquid sulphurous oxide. A current of dry air is driven by the hollows of a glass- 
blower’s lamp through several tubes at oticc into a quantity of liquid sulphurous 
oxide, in which is immersed the lower bend of a IT- tube, tKivorsod by a stream of 
ammonia gas. The liquefaction is accelerated by a slight incriiaso of pressure. 

The sp. gr. of liquid ammonia at 0° is 0 t;362, referred to that of water at 0° 
(Amir^.efi; Afm. Ch. Lharm. cx. 1); according to Jolly {ibid, cxvii. 181), it is 0'6234 
(mean of three observations). The volumes occupied at difterent temperatures are 
according to Andr6efl’, as follows : — . ' 

Temp. ~10° 0° +10° +20° 

Vols. 009805 1-000 1 0215 1 0450 


The coefficient of expansion between -11° and 0° is, according to the mean of throe 
observations by Jolly, 0 00155. It appears, then, that at temperatures sufficieiitlv 
removed from its boiling poitit, liquid ammonia expands more than the gas. 

Juqnid ammonia l.oils under the ordinary pressure at -357° (I^)ir a Drion) 
at — 38 5° (Kognault). \ 

The tension of ammonia vapour at various temperatures is, according to Rognault’s 
latest determinations {[{elation des Experiences, &c.), ns follows 


Temp, 

Tonpiiou 
hi millinietrc8 

Temp. 

Tehaien 
in millimetres 

— 30° 

866 09 

+ 40° 

11595-30 

-20° 

1392 13 

50° 

15158-33 

-10° 

2144-62 

60° 

19182-10 

0° 

3183-34 

70° 

24675-55 

+ 10° 

4574 03 

80° 

30843-09 

20° 

638778 

90° 

38109-22 

83° 

8700-97 

100° 

46608-24 


Cemlmhon o/ The combustibility of ammonia in oxygen gas maybe 
strikingly shown by passing a rapid stream of oxygen throngli boiling concentrated 
aqueous ammonia ; the gas which issues from the mouth of the flask mavthen be set on 
fire, and burns with a grocnish-yollow flame (Hofmann, Vhem. Soc. Qa, J. xiii. 78) 
According to Heintz (yfw?>. Oh. Pharm, Cxxx. 102), this experiment may bo moro 
safely made by passing a slow stream of oxygen into a flask filled to about ith 
with ammonia, throngli a tube bent npwaixls at the end ; this tube is introduced only 
a httlo way into the mouth of the flask before the gas is sot on fire, and aftenvards 
sunk deeper into the body of the flask; the flame then continues to burn quietly as 
Jong as a sufhcient quantity of ammonia gas is supplied, exhibiting, in fact, a com- 
mstion of oxygen in an atmosphere of ammonia. The combustion of ammonia gas 
and oxygon may also be exhibited by means of a DanwWs jet. If a sp 

a rnn fof 2f oc., cJuteining aqueous 

w ^ u ^ 1 ’ across the neck, and oxygen bo passed into 

ll r ^ tube 10 mm. wide, the platinum spiral soon rises te a much 

tl™ mi J firstwitlTwhite of amir;;,!; 

trite, tiun v It li rid tumos. It the ammonia be then warmed, the ga.soous mixture 
takes fire with a sharp hut not dangerous explosion; ami the temp^^r^rro of the 
p atimim spiral is at the same time reduced below visible redness, filter a while 
however, it again hocomes rod hot, again fire to the gas, and thus the series of 

■ SK.“' 2^ as is 2, .'a:. “>■ 

fi) “ JsJ : 

Jifmtwn of Ammonia with Sulplmr, Scrniinm, Tellanum and Pho^hor«j, T?low.-. * 
not net on pure sulphur at tomporatur^ below 
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yellow colour, in consequence of dissolving a small qtinntity of sulphur (Brunner, 
IHngl. pol. J, cl. 371). When aqueous ammonia of sp, gr. 0-885 is heated to 100° iu 
a seal^ tube for several days with a third of its weight of sulphur, the sulphur 
dissolves, forming a red»brown liquid which is not viscid and does not fume on 
exposure to the air^ The solution consists mainly of ammonium polysulphides, and 
the residue loft on evaporation is resolved by water into sulphur and ammonium 
h^^sulphite (F. A. Fliickiger, J. Phami. [3] xlv. 463J. Selenium heated with 
aqueous ammonia in sealed tubes forms a colourless solution of ammonium solenidc, 
together with a small quantity of ammonium selenite. Tellurium yields an abundance 
of tellurite. Amorphous phosphorus is not acted on by ammonia; ordinary phos- 
phorus gradually yields hydrogen phosphide and a compound of ammonia wim an 
oxide of phosphorus ; if alcoholic ainnionia ho used, tho latter compound appears as 
a deep black metallic film adhering to the sides of the tnbo, and not decomposed by 
boiling sulphuric acid or potash-ley, wherel)y it is distinguished from tJio product 
obtained with aqueous ammonia (Fliickiger, loc. cit.). 

Respecting tho action of ammonia on metals, see the several Mbtai.s ; for its fiction 
on the clilorides of sulphur and phosphorus, see vol. iv. pp. 611, 515, 576, 606 ; v. 535. 

Ksfimation of Annmmia in dilute solutions, — Kessler’s reaction (i. 189) was applied 
hy lladow to tho volumetric estimation of ammonia. By Wanklyn, Chapman, a. Smith 
this Yolumotric determination (whicli is especially adapted U) very minute, ami oven 
micrf)scopic quantities of unnnonia) has been usc(i in water-analysis, and in a general 
process for analysing nitrogenous organic substances {Chon. Soo. *7. [2] vi. 101). 

Tho ‘ Nossler liquor' is prej)are<l by adding mercuric clilorido to a hot concentrated 
solution of 50 grams potassium io<lido till the precipitate no longer redissolvos ; then 
filtering; adding 160 grams of potassium hydrate in strong aqueous solution ; dilut- 
ing the liquid to a litre; adding another ve^ small quantity of mercuric chloride; 
leaving the solution to settle ; decanting; ana preserving it in a well-closed vessel. 

For the application of the ‘ Nessler li(pior’ to the quantitative estimation of 
ammonia, a very weak standard solution of ammonia is rtHjuired. This is nuulc by 
dissolving 0*3882 grams of ammonium sulphate (or (he e(|iiivalent quantity* of 
ammonium chloride) in one litre of water: it contains milligram of ammonia in 
one cubic centimetre. For general use, the standard may be advantiigeously diluted 
with water, so that one cubic contiinctre sliall contain milligram of ammonia, 

The operation of measuring tho quantity of ammonia in a given liquid is performed 
us follows; Two similar cylinders of colourless glass, each holding 100 e.c., and 
marked accurately at the 100 c.c. measure, arc taken and put side by side. Into one 
is intrfxluced 100 c.c. of the liquid t<i ho U'sted, into the other tho comparison-liquid, 
contaiaing a measured volume of a standanl solution <»f ammonia ; 2 c.c. of 'Kessler 
Ihiuid ’ is thou txj bo drojspcd into each cylinder, and the depth of the resulting colora- 
lirn observed. If the depth of colour of the comparison -fluid equals the depth of colour 
in the other glass, the quantity of sUindard ammonia which has been jmt into the 
comp.'irison-fluid is the quantity actmilly present in the liquid to bo tesUxI. If tho 
ciilour of tho comparison-tluid is t<H> high or too low, a fresh eompurisoi»-fluid must 
be made up, and this must be repoiitod until the right one is obtained. 

l)ifierent metallic ssilts interfere with the action of the Nossler test. It is therefore 
Jidvisable to distil off tho ammonia, and apply tho test to the distillate, which will 
c<mt;i)n nothing but ammonia-water. 

The strength of ammonia to which tho Nesslor test is quantitatively applicable 
r.inges from 005 milligram to a1>out 1 milligram per 100 c.c. It works best between 
0*005 and 0-20 milligram per 100 c.c. 

AWmOMAUJnk AXiXiOT8. 1. Ammonium Amalgam . — Recent experiments on 
the substance known by this name lead to the conclusion that it is not a true amalgam 
— that is to say, a compound of mercury with a metallic radicle, NH<— but merely a 
mixture of metallic mercury with bubbles of nitrogen and hydrogen gftses. 
wreth^ll {Sill. Am. J. [2] xl. 160) finds that its formation may bo prevented by certain 
so^lled catalytic influences. When, for euimplc, an ammoniacal salt is cled^Iys^ 
With a negative pole formed of spongy platinum impregnated with morcttry, no am- 
monium amalgam is formed, but a Very brisk evolution of gases talms place. This 
aoubtless arises from the circumstance that the mercuiy, temg bold within the pores 
ot the plating-sponge, is prevented from expanding so as to retain the gases. Landolt 
\^l*chr.f. Chem. [2] y. 429) has shown that when the so-called ammonium amalgam 
m immersed in a solution of silver nitrate, ferric chloride, or cupric sulphate, no rs- 
auebon of the metal or formation of an amalgam takes place, as is the case when an 
nmal^m of potassium or sodium is used, but the ammonium amidgam is decompossd, 
as under ordinary circumstances, with evolution of nitir^en and hydrv^n. 
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On the other liand, A. H. Gollatlin {Z/itschr. f. Clif'in. [2] r. 607) finds that 
when aminoniuTn amalgam (prepared with sodium, but freed from excess of that metal) 
is placed in contact with small pieces of phosphorus, bubbles of phosphorettod hydrogen 
are evolved : hence ho infers tliat the hydrogen evolved from the amalgam must be in 
the nascent state, and cannot therefore exist therein as free hydrogen. 

But the most decisive experiments bearing on this question are those of Seeley 
{Chmi. News, xxi. 26o, .luno 10, 1870), from wliich it appears that when the amalgam 
is subjected to varying pressiinj, its volume changes like that of a ^s. Into a tube 
20 inches long an<l fitted with a plunger, mercury containing a little sodium was 
poured to half an inch in depth, and upon this was poured a strong solution of sal- 
ammoniac, occupying about two inches of the tube. Tlio ammonium amalgam was 
crjmpletcly formed in a few minutes, occupying several inches of the tube. On 
depressing the plunger, the volume of the amalgam progressively diminished till it 
closely approached the original volume of the mercury, which at the same time 
prf)gressivoly gained finidity and ils usual mirror-like surface. On withdrawing the 
pressure, the compound resumed its original volume and dull frothy appearance. 
Those results show that the ammonium, or rather its elements, NH* and II, exists in 
the amalgam, not as liquid, hut as gas. The part-iclcs of the ammonia and liydrogen 
gases set free all over the surface of the mercury adhere to it, and as fresh particles 
of mercury are brought to the surface by the internal movements, they become 
onfllmed and carried inwards till the mixture becomes a homogeneous froth. 
Loow'’s so-callod h/droffcnium amah/nm, obtained by agitating a dilute zinc amalgam 
with aq\ieous platinic chloride, is douhtl(!ss a mass of similar character. 

Pfeil a. Lippman {Co7npt. rend. Ixii. 42G) have endeavoured to prepare ammo- 
nium amalgams corresponding to tile compound ammonias. A saturated solution of 
trlniethylarnine hydrochlorido reacts witli sodiiun ainnlgam just like a solution of 
sal-ammoniac, and the spongy amalgam produced quickly decomposes, with evolution 
of hydrogen, and formation of trimethylamino, which remains in solution. Saturated 
solutions of the hydrochlorides of aniline, conine, morphine, and quinine, also of 
rosanilirie acotate, ti oated with sodium amalgam, give large quantities of hydrogen, 
hut do not form any pro<luct resembling ammonium amalgam. Hence also it appears 
that the physical properties of the ammonium amalgam are due to imprisoned gas- 
huhhles, and that those compound ammonias which are solid or liquid at ordinary 
t^tTJpcrnturcH do not form such amalgams. Pfeil a. Lippman also find tliat sodium 
amalgam does not act upon solid sal-ammoniac till a drop of water is adilod. 

2. Ammoniuin-hisniuth (?). — Gellatlin {he. cit.) describes an alloy of ammonium 
and hismutli, })reparcd by pouring water in a fine rapid stream on an alloy of 
Insnmth and sodium in contact with sal-ammoniac. T^o bismuth then swells up, 
becomes pasty and porous, and solidifies, giving off considerable quantities of hydrogen 
and ammonia. The compound immersed in a solution of copper quickly becomes 
covered with metallic coppisr, a pi*oporty exhibited also by sodium-bismuth, hut not by 
metallic bismuth. [The precipitation was perhaps due to sodium still present in tho 
mass.'l The aniinonium-hismuth after drying in a Vacuum over sulphuric acid gave 
off, when luatcMl in a Vacuum, 27 times its Volurae of gas consisting of hydrogen and 
nitrogen. 

On Ammonium alloys, see also vol. v. pp. 328, 329. ♦ * 

■AWSiPKlTKAIiXTB. A mineral from the Harrsjoohorg in Wormlary!, Sweden, 
occurring in hard, dense, milk-whito veins or nodules, infusible, and not attocked by 
hydrochloric acid till after fusion with alkalis. Contains (Ca ; Mg)*P-0’.7APP’0** 
-f lOaq., and therefore approximates in constitution to lazulite (Igclsli*6m, J.pr. Che-m. 
c. 126 ; BuU. Soo. Chun. [2] viii. 41). 

iUmCBAUir, and AmnraX>AX.ZC ACZB, Schiff 

{Zeitschr, Ciu'm. [2] v. 708) finds that seven of the hydrogen-atoms in amj^gdalin 
may be replaced by acid radicles, sneh as acetyl and benzoyl ; hence lie assigns to this 
compound a rational formula similar to that of arhutiii, viz.,- 

io . 

C«H^|(OH)< 
or c.H.j?OH)- 

c’ltqcs 

ti<^t€iceiyl€LmygdaIin, | , is obtained by heating dehydiatCMd 

amygdalin with excess of acetic anhydride to the boiling point of the latter! It 
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eiystallises from alcohol in long colourless anhydrous noe^os, having a silky lustre. 
At lower temperatures, acetylatod amygdalins are formed, in whicli smaller numbers 
of hydrogen-atoms are replaee<l by acetyl. 

Amygtlalin cjinnot be sup|x>se<i to contain the radicle benzoyl, C’lPO : for when 
treated with phosphorus pontachloride it yields only cyanogen chloride, henzyleno 
chloride, and chlorinated derivatives of the latter, but no chbjrido of benzoyl ; whereas 
the true honzoylate<l amygdalins, obtainetl by treating amygdalin with benzoyl 
chloride, reprcKluce the latter 'when subjected to tho action of phosphorus penta- 
chloride. Similar results are obtained by tho action of bromine on amygdalin and 
benzoyl -amygrlalin. 

Amygclalin heated with to 160°-180° is converted into amygdalanilide, 

I an uncrystallisablo substance, decomposed even by solu- 

tion in boiling water into ain^-gdalin and aniline. Tho acetyl-amygdalins likewise 
yield anilides. 

Amygdalin is not the amide of amvgdalie acid, but is related to the latter in tho 
same manner as methyl, cyanide to acetic acid : 

S(oirr 

c’n«.cN 


c‘*n"OM 


Amygdalin. 




AmygtJalic acid. 


Amygflalic acid treated with acetic anhydride is converted into a tetra- or a lieptn- 
acctyl compound accoi*ding os tho rt^action taikos place at a lower or a higher 
temperature : 


f(OC*TI>OV 
((vn\com 

Tctracetamygdalic acid. IFci>tiic<!tamygda5lo acid. 


(OCTPO)^ 

C7I'‘.CO''H 


Amygdnlic acid is easily obtained in the form of a deliquescent crystalline mass. 
Its acetyl derivatives are insoluble in water and imcrystanisablo, and are readily 
decomposed even by weak bases. 

Tho formulae of amygdalin and amygdnlic nci<l above given afford a ready expla- 

( {')TT 

nation of tho formation of mandelic (formobonzoic) acid, CTl" J by heating 

amygdalin with hj^drochloric acid (iii. 800). 


AJWnrXi, and in tho free state — Tho isobtte<l radicle is now more 

gcnendl}' called diamyl. It is identici\l with docyl hydri<le, and when treatw! with 
clihirine yields c h lorod i am y 1 or decyl chlori dc, 

Diamyl is not attacked by nitric acid at ordinary tcmiporatures, but at a gentle 
lieat it is violently attacked by fuming nitric acid, and less onergeticjilly by acid of 
sp. gr. 11, yielding succinic acid, together with a liquid distillate, wliieh n}ipears txj 
contain cjvpronitrilo, C'®Il*''N, togctlier with <Enant.liy[ic, valeric, and caproic acids 
(.Scborlemnior, Pr<M\ Hot/. Soc. xvi. 372). 

Wurtz obtaiiie<l diamyl by tho nclion of srslinm on nrayl itslide ; and in like 
manner, aniyl-ethyl, aiul amyl-butyl, C^H’bC^lP, by the action of sodium 

on a mixture of amyl iodide with ethyl iodide or butyl iodide (ii. 625 ; v. 732). 
Similarly, a mixture of tho i^xlides of amyl ami isopiv>pyl treated with sodium (the 
mixture being cooled at first, and gently lieuted towards the end) yields amyl- 

isopropyl, C*II'*.CII(CH*)* or Amyl-isoprop^d boils at 109°-110®; ito 

(cw. 

gravity is 0 6980 at and 0-6712 at 49®. It is probably identical with 

dtbutyl, which, according to Kopp, boils at 109®, and has a sp. gr. of 

0^(001 at 16*4®. (Respecting tho constitutional formulse of all these biMiaiiviMie 
ilTDROCAIiBOKS.) T 

Ch/oHne converts amyl-isopropyl into tho chloride C»H>’C1, a colourless liquid 
Ta odour of oranges, like its isomeride, octyl chloride, a sp, gr. of 0*8634 at 

10-6 ,0-8617 at 36®, and M Is at 166®. With iodine chloride amyl-iscmrppyl forms 
a ni^ber of ^heUtution-prodacts, amongst which tho chloride appears to 

w the meet abundant. A solution of ckromic acid, attacks amyl-isopropyl very slowly, 
TO omy oxi^tion-prodncts fmrmed being carbonic and aeetie acid (^horlemmer, JRw, 
ifty. fioe. xvi. 87). 


— ~ ^ ■■■■ Of these alcohols there are dight poedildi# 

TOneties, vi*. roar primary, three secondary, and one tertiary. 



amyl alcohols. 


loe 


CH«CH»CH’CH* 

H 

H 

OH 


Primary, 

Cn*CH(CH>)* 

H 

II 

OH 


H 

H 

OH 


C(CH»)* 

H 

H 

OH 


ICn^CHsCH" 

^JciP 

lOH 


Secondary, 

/CH(CH»)* 
I OH 


CH*CH» 

CH*CH» 

H 

OH. 


Tertiary, 

( CH^CH* 
CIH 
CIP 
OH. 


rCH^CH^CH^CH* 

Primary* Normal Amyl alcohol ot Butyl carbinol^ C- H“ 

roH, 


has boon quito recently obtained by Licbfln a. Rossi iOompt, rend. Ixxi. 370) by a 


synthetical process from normal butyl alcohol, C 


H* 

OH 


(p. 63), which had 


boon prepared fhom normal butyric acid. The butyl alcohol was transformed into 
the cyanide, and from the latter, normal valeric acid, boiling at 185°, was pre- 
pared. The ctilcium salt of this acid was mixed with calcium formate and distilled, 
and the valoral thus obtained was hydrogenated with sodiiun amalgam, and thereby 
convopted into the alcohol. The amyl alcohol thus paoduced boils at 137° under 
a pressure of 741 mm. (ordinary amyl alcohol boils at about 132®) ; the chloride, 
bromide, iodide, and ucetjvte obtained frtim it likewise boil at higher temperatures 
than the corresponding ordinary amyl-compounds. In most respects, however, 
normal amylic alcohol resembles the alcohol from fusel-oil. By oxidation it yields a 

(CH2CH*CH=*CH» 

valeric acid, wliich is the normal acid, C 4 O , boiling at 185° and smelling 

(OH 

somewhat like butyric acid. 


(CH2CH(CH*)« 

Isohutyl Carhinol, C I IP . — This, as shown by Erlenmeyer, is the 

(oh 

constitution of the ordinary amylic alcohol of formenbition, which is thertffqre the true 
homolojpie of Wurtz's butylic alcohol, itself likewise a piquet of feitnentation. The 
latter yields by oxidation with chromic acid, not normal butyric, buV isobutyric acid, 
CH(CH^)».CO^H. (^>e Butyl Alcohols.) Now the butyl cyanide, CH*CH(CH*)* CN. 
prepjir^ from this fermentation butyl alcohol, is converted by boiling with 
alcoholic potash into a valeric acid, CU2CH(CH*)*,COOH, identical in every respect 
with onlinary valeric acid, obtainwl from valerian root, or by oxidation of ordinary 
amyl alcohol. This alcohol must, therefore, contain the same radicle as the valeric 
acid prepared from butyl cyanide, that is to say, it must consist of isobutyl carbinol 
(Erlenmeyer, Ann. Ch. Pharm. Suppl, v. 337 ; Jahresb. 1867, p. 580). 

But ordinary fusel-oil, as shown some years ago by Pasteur (i. 205), contains two 
isomeric amyl alcohols, one active, the other inactive, to polarised light. Both of these 
are primary alcohols, yielding \Tiloric acid by oxidation, the add thus obtained being, 
however, optically active or inactive, according as it is obtained from the active or 
inactive alcohol. The question then arises. Are these two alcohols merely physically 
isomeric, or are they motameric, the one containing normal butyl, the other isobntyi? 
This question has not yet been answered with certainty ; but from the recent experi* 
ments of Pedler (Chem. 8oc. J, [2] vi. 74) it appears that the two alcohols eadiibit the 
closest resemblance to one another in all their physical properties, excepting their 
relation to polarised light. They have the same smell and taste, and thefr boBing 
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points differ by only ono degree, the active alcohol boiling at 128®, the inactive 
alcoht)! at 129^ (according to other authorities the boiling point of amylic alcohol is 
132°). The active alcohol rotates a yellow ray of polarised light 17® to the loft in a 
tube 50 centimetres long. The close resemblance of the two alcohols in all other physical 
properties points rather to physical than to chemical isomerism, being probably indeed 
the kind of isomerism which exists between the several varieties of turpentine^ oil 
(which are in like manner distinguished from one another chiefly by their behaviour 
to polarised light), and being due to differences of arrangements in the molecules of 
the botiy, rather than to differences of constitution in the molecules themselves. 

In their behaviour with oxidising agents, however, the two amylic alcohols exhibit 
a certain amount of difference. The inactive alcohol when htwitwl with wbissiiun 
dichromato and dilute sulphuric acid yields nothing but ordinary inactive valeric acid, 
whereas tlio active (Isevogyrato) alcohol heated with the sanio oxidising mixture is eon- 
verLod into acetic and carbonic acids ; in the cold, how'evet, it is oxidised to dcxiro» 
gyrate valeric acid, producing a robition of 43“ in a tube 50 contimotres long. 

From those results it may be cxmcliulotl that inactive amyl alcohol certainly consists 
of isobutyl carbinol, CIl^CII(CH*y-.CIl-()II ; but whether the active alcohol consists 
of the third or fourth mo<lificjvt.ion above onunuuate<l, or is merely a physical 
modification of the inactive alcohol, is a question requiring further investigation ; but, 
as already obsor\’’ed, the latter sup^Mxsition appears to bo the more probable of the two, 
(diapnian a. Smith {Free. R(>y. Soc, xvii. 308) find that the separation of the activo 
and inactive amyl alcohols may bo effected much mote easily than by Pasteur’s 
nicthwl (i. 203), by dissolving sovla, j>otasli, orchh>ride of calcium in crude amyl alcohol 
at the Ixiiling heat, and distilling the satiir.itiHl solution, the non-n)biting alcohol 
being then to a groat extent retjiinod, while the rotating alcohol distils off. Almost 
any salt easily soluble in amyl alcohol might bo used lor the purpose, but tlio sub- 
stance which answers best is caustic 8(xla. The amyl alcohol is Ixiilcd with caustic 
8<Hla, and the hot solution is decanted into a flask and distilled from an oil-bath, tho 
temperature being kept below 200®. Tho alcohol distils off quickly at first, afterwards 
more slowly, and, finally, the contents of tho flask solidify, after which it becomes very 
dirticult to distil off any more amyl alcohol. On now adding water and again distilling, 
amyl alcohol comes over of about half the robitiiig power of tho alcohol employed, 
lly a sufficient number of repetitions of this process it is ])es.siblo to effect a separation 
of the alcohols, and very easy to obtain considerable quantities of tho non-rotating 
alcohol quite pure. 

Chapman luis subsequently found that the rotating alcohol is actually converted 
into the non-rotating alcohol by repeated distillation over caustic socla. 

Schorlemmer {Proc. Hoy, xv. 131) has shown that the amyl-compounds 

f)litaine«l from fusel-oil and from American {Witroleum agree so nearly in specific gravity 
and boiling p<?int that they may bo regarded as identical. Tho results are given in 
tlio following table : 

From fu«cl-o11 From petroleum 

A - * — 

B. 1*. 8p. jrr. B. P. Sp. gr. 

— — 34® 0-6268 at 17® 

101® 0-8750 at 20° 101° 0.8777 at 20® 

140° 0-8733 at 15° 140® 0 8752 at 15® 

132® 0-8148 at 14® 132® 0-8199 at 14® 


Arnyl hydride, C*H'* . , 

Amyl chloride, C^H'^Cl . 

Amyl acetiite, C‘H'».C*I1’0» . 

Amyl alcohol, C*II'*0 . 


I^istly, Wurtz has shown that valcral, C^IP.COII, treated for fifteen days with 
s<Kiium amalgam and water, takes up 2 at. hydrogen and is converted into a primary 
amyl alcohol {Ann, Ch. Pharm. cxxxiv. 301). 

The following sUitements all relate to the amylic alcohol of fermentation : — 
Solubility . — 1 pt. of amylalcohol dissolves in 3'9 pto. water at 16*6®, forming a liquid 
ofsp.gr. 0*998, On the other hand, 1 pt. of water mixes with 11*625 pts. amyl 
alcohol at 16-5®, forming a clear liquid of sp. gr. 0 8350 Jakresb. 1862, 

p. 408). Amyl alcohol dissolves in all proportions of acetic acid diluted with an 
ecji^l quantity of water, and may be thereby separated from neutral amylie ethen 
which aro not soluble in acetic acid (Berthelot a. St. Qilles, Jahreeb. 1882, p. 40^1. 
It dissolves 8J vol. acetylene at 18® (Berthelot, Ann. Ck. Phye. [4] «. 425). 

He^tione. — 1. Vapour of amyl alcohol is decomposed by the passage of eiedrio 
^orke in a barometric vacuum, with formation of acetylene (JM Wilde, BuU. 

ff Ae-exe FO*! mt — . u u ^ ^ . m . m 


wniiU quantity of aec4.7l«n9 (CuTantou, BuU. Sao. dim. I 
very atrong, tna pcodnet eouanta almoat whdly of mani] 


mTMS). 

ih gu (BoynqIdqJ,.;- 4,^ 
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alcohol exposed to the air, either in direct siJD.^7i/ne or in did^sed daylight,^ is gradw- 
ally oxidised, yielding hydroj^eti dioxide and an acid, probably valeric acid (^Sclionbeini 
J. jyr, Chem. xeviii. 261). When shaken up with ozonised air, it is oxidised to valer- 
aldohyde and valeric acid (Gorup-Besanez, Ann. Ch. Vkarm. cx. 103), 

4. When nitrio acid of sp. gr. 1-5 is covered with a nearly equal volume of amyl 
alcohol, the two being separated by a layer of water, and the whole left to itself for 
a month, amyl valerate is formed, together with oxiilic acid and a yellow colouring 
matter (Claus, J. pr. Chem. cii. 384). Amyl alcohol heated to 90*^ absorbs nitrogen 
tetroxide, forming amyl nitrite and nitric acid : 

C'lr^O + N^O* = C"H“N02 + HNO*; 


and the nitric acid thus formed converts part of the amyl alcohol into amyl nitrate, 
and by oxidation into hydrogen valerate (valeric acid) and amyl valemto. Vap^mr 
of nitrous acid (from starch and nitric at'.id) passed into amyl alcohol forms amyl 
nitrite and ammonium nitrate, which separate in crystals (N. Bunge, Zeitsekr. f. 
Chem. [2] ii. 82). 

5. Solutions containing 3 to 8 p. c. potassium dickromate and a sufficient quantity 
of sulphuric acid oxidise amyl alcohol to valeric acid and amyl valerate ; but the 
more volatile portion of the distillate obtained by fractional distillation from a sample 
of commercial amyl alcohol yielded, when thus treated, valeric, butyric, and carbonic 
acids, probably owing to the pn>sonce of a secondary amyl alcohol in the commercial 
pnxluct (Chapman a. Thorp, Chem, Soe. J. [2] iv. 477). 

6. When amyl alcohol is boiled with sulphur, a small quantity of hydrogen sulphide 
is evolved ; sulphuretted products are obtained in larger quantity by passing the 
vapour of the alcohol into boiling sulphur (Brian, Jahresh. 1863, p. 4671. 

7. When chlorine gas is passed into amyl alcohol, the liquid becomes hot, giving off 

hydrochloric acid and amyl chloride ; if the action bo prolonged (with a few ounces of 
the alcohol it goes on for eight or ton days), the \dtimato product is the compound 
C*H'Cl‘, and inU'nnedlato products are* formed agreeing approximately with the 
formulae O'lPCIO^ and C*H*CFO*; the latter when decomposed with alcoholic 
poUish yields valeric acid. The compound treated with alcoliolic potash 

yields a liquid, C^I[“C1*, boiling above 200<^ (Barth, Ann. Ch. Pharm. cxix. 216). 

8. Amyl alcohol distilled with water an^l chloride of lime yields, besides chloroform, 
a liquid which boils at 70®, ha.s a density of 0*88 at 0®, and oxhil>its the composition 
of butyl chloride, C<IPCl (F. Gerhard, Ann. Ch. Pharm. exxii. 363). 

9. With phosphorus tr 'u'hloride, amyl alcohol yields amyl chloride and amyl phos- 
phorous chloricfo, PC*H'»OCF (Mensehutkin, Ann. Ch. Pharm. cxxxix. 343). (For 
the action of PCI*, see i. 201.) Phosphorus cyanide acts strongly on amyl alcohol, 
forming amyl phosphite and hydrocyanic acid (Wohrhane a. Hubnor, Ann. Ch. Pharm. 
cxxxii. 283). 

10. With chlorine disulphide, amyl alcohol mixes to a yellow liquid which 

evolves hydrochloric acid and .sidpliurous oxide, and when heated deposits sulphur, 
gives off amyl chloride, then becomes carbonised and gives off stinking sulphuretted 
pr^ucts. With excess of amyl alcohol, the products are chloride, sulphite, and 
Bulphydrato of amyl (Curius a. Fries, Ann. Ch. Phnrm. cix. 1) : 

C*II>-0 + H-CF « C*n‘2S -f SOCF 

Atuyl Clilorine Amyl Thionyl „ ' 

alcohol. disulphide, sulphydrate, chloride. - 


4C*n«\S + 3SOC12 = + 41101 + (C*H>')2SO® + 20H"C1 

Amyl Thiorjyl Amyl Amyl 

sulphydrate. chloride. Btilpbite, chloride, 

yfitix ml2>hur dichlmde, SCI’' (ii mixturo of chlorine diBulphide nnd sulphnr tetra- 
chlorido, V. oJo), amyl alcohol forms hydrochloric acid, sulphurous oxide, amyl 
chloride, and chlorine disulphide (Carius a. Fries) : 

2C*H»^0 + SCF = 2HC1 + SO* + 2C“H"C1. 

With thimyl cMoi^e, amyl alcohol forms hydrochloric acid and amyl sulphite 
(Canus, Ann. Ch. Pharm. cxi. 98). J r 

tlistillod with .rwm chloride gives off, in addition to amyleno and 
amyl hydride, other hydrocarbons homologous with these, vaiying in )>oiling point 
/w”* leaves an undistillable carbonaceous residue 

7’ a distillation be interrupted at U0°-160®, the residue contains 

tnamylone and tetramylene (Bauer, Zeitschr. Ch. Pharm. 1861, p. 645). On distiUing 
amy a coho^l for 24 hours with pta. of recently fused and pulverised zinc chloride, 
separating the portion of the oily distillate which boils below 60® and containa 
xylene and amyl hydnde, treating the portions of higher boiling point once more 
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with Mine chloride, and further with sodium, to remove unaltered amyl alcohol, a 
liquid is obtained which yiclde by fractional distillation, (a) between 60^ and 70^, 
hexylene and hexyl hydride ; (6) between 80® and 85®, heptylene and heptyl hydride ; 
(c) between 120® and 130°, octylene and octyl hydride; {d) between 136® and 160° 
nonylone and nonylhydrido ; (c) diamyleuo and diamylhydrido ; and, lastly, thick oily 
hydrocarbons boiling above 400®. The greater number of these hydwearbons are 
however formed, not from the amyl alcohol itself, but from small quantities of other 
alcohols mixed with it (Wurtz, Bull, Soc, Chhn. 1863, p. 461 ; Ann, Ch, Pharm, 
cxxviii. 316). 

12. Amyl alcohol boiled with solution of plaiinic chloride yields amylene platinoso— 
chloride, 2(C^H*®.HCl).Pt Cl^ + 2aq., together with valoraldchydo and chlorinated 
products (Kirnbaum, Ann, Ch. Pharm, cxlv. 67). 

13. When 10 pts. amyl alcohol are mlded to 2 pts. wicrcary dissolved in 12pts, 
nitric acid, a bi'isk reaction takes place and oxalic acid is formed, but no product 
analogous to fulminating mercury ; the cooled liquid deposits crystals of a double 
salt of mercurous oxalate and mercuric nitrate (v. Gilm, Jahresb. 1858, p. 402). 

14. When amyl alcohol is heated with ethyl acetate (a), iodule (0), or oxalate (7), 
tlu^ro is formed, by double decomposition botweou the amyl alcohol and a portion of 
thciso ethers : o. Amyl acetate and ethyl alcohol ; 0. Amyl iodide, ethyl alcohol, and 
ethyl-amyl oxide ; 7. Amyl oxalate and othyl-amyl oxalato (Friodol a. Crafts, Ann, Ch, 
Pharm. exxx. 198 ; cxxxi. 55). 

Sodium, Amylate or Amylcnc-sodium Hydrate. C^II^NaO. — The crystalline body 
produced by the action of sodium on amyl alcohol (i. 205) is commonly regai*dcd as 

sodium amylate, ^^>0, derived from amyl alcohol, substitution of 

Botlium for the typic hydrogen. But from recent investigations by Wanklyn {PhU, 
Mag. [4] xxxvii. 117, 175), it appears that this crystalline body, when dried at 100®, 
has the composition C*H‘'Na0.3C*H‘®0, that is, 1 mol. sodium amylate with 8 mol. 
amyl alcohol, and that when hev.ted to about 200® it gives off the whole of the amylic 
alcohol, leaving pure or absolute sodium amylate, C*H**NaO. This same compound 
may bo obtained by the action of amyl alcohol on sodium ethylate : 

C*H‘NaO + Cni“OH » C^H‘‘(OH) C»H'‘NaO. 

Moreover, from numerous considerations relating to the constitution and chemical 
functions of sodium compounds, Wanklyn infers that sodium is not univalent, as 

commonly supposed, but trivalent, sodium hydrate consisting of sodium 

accUito of Na'"|Q.,^ &c. (See Sodium.) 

In accordance with this view, sodium amylate, C*H”NaO, must bo regarded as 
amy lone-sodium hydrate, and represented by the formula 


> f 






i 

H 


Amyl one-sodium hydrate treated with ttkyl vaUrate is converted into amylene* 
so<llum valerate and ethyl alcohol : 


Na 


C*H'* 


i * cSSjo - - »•- 

H 


Na-" 


C‘H'» 

I 

\ C*H»0 


Amylene sodium acetate, ^ obtained in like manner. 

This salt, or ether, is isomeric with sodium oenanthylate, C’II**NaO*, and the valerate 
al^vo mentioned with sodium rutate or caprato, C**B['*NaO*. These ethers react 
with water in such a manner as to yield an ordinary salt of the acid whose 
they contain, together with amyl alcohol ; e.g.. 


Ka 


C*H»0 


H*0 


0*H«0 


Ka 


iO - 
)0*H*0 


Amfl 
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All these reactions haye been more closely studied with the ethylene sodium 

compounds (g.v.). .i j 

S(^ium amyliite treated with chloroform yields sodium chloride and a tnamylio 
ether, analogous in constitution to the tri-alcoholic glycerides (Williamson a. Kay, 
(Jhem. Soc. Qu. J. vii. 224) : /PTT^'") 

CHC1» + SC'^H'^NaO =i. 1^aCl + 

Thallium Amylate^ C®H"T10, described amongst thallium compounds (v. 767)i 

may bo regarded in like manner as Tl'"- ^ 

H 


Compound of Amyl Alcohol with Stannic Chloride ^ — When anhydrous stannic 
chloride is poured, with careful exclusion of air, into pure amyl alcohol cooled to 
between —10° and —17°, a nearly colourless mass is formed, consisting of the amyl 
alcoholato of stannic chloride, 8n(d^2C*lI'-0. This compound forms colour- 
less tabular crystals, which deliquesce rapidly on exposure to the air, and are instantly 
d(HM>mposcd by water into stannous chloride, hydrochloric acid, and amyl alcohol. It 
dissolves in benzol, chloroform, and carbon bisulphide, and may be recrystalKscd 
from these solutions over sulphuric acid in a vacuum, though not without partial 
decomposition. Heated to 100° in a sealed tube and then distilled, it yields, together 
with a yellow liquid, whiter featluiry crystals of the hydrate of stannic chloride, 
HnCP.all^O, described by Casselinann (v. 808). The yellow liquid, after washing 
with dilute alkali, yields by friictioiial distillation, from 40° to 100°, inodoratuly pure 
ainylono ; from 100° to 170°, chiefly amylcne chloride, ; and from 170° to 

400°, polymeridos of amyleiic, mixed with a small quantity of chlorinated amylenes. 
The decomposition of the amyl-alcoholate of stannic chloride by heat may therefore 
bo ropresoutod essentially by the following equation : 

2(anOI\2C^H>'0) = SnCl‘.31I^O + SnCF.H=0 + + C»H»»C1» 

(Bauer a. Klein, 2kUiichr.f. Chem. [2] iv. 379). 


Primary Amylic Haloid Ethers, 

Amyl Bromide, C‘^n"Br, is best prepared by saturating amyl alcohol with 
gaseous hydrobroraic acid, mixing the saturated solution with an equal volume of the 
aq\ieous acitl of sp. gr. about 1-5, and digesting slowly at the heat of the water-bath, 
either in a flask with a vertical condensing tube, or in a closed vo.ssol. Tho amyl 
bronddo which rises to tho surface must bo docantod, washed with water, and distilled 
from under a solution of sodium carbonate. Tho distillat-e consists of water and the 


l)roniido, which has then to bo dried over c.iilcium chloride and fractionally distilled. 
If the amyl alcohol was nure, tho bromide boils quite constantly ; if not, it 
fractionates very easily. The pure bromide boils at 121° (at 1187° according to 
Mondolejef, 1860, p. 7), and has a sp. gr. of 1-217 at 16° (1058 at 0°, 

PioiTo; 12059 at 16 7°, Moiulelcjof). It is veiy strongly attacked by sodium at 
temperatures near its boiling point (Cliapman a. Smith, Chem, Soc. J. [2] vii. 198). 

Amyl Chlor ide, 0*II“C1, is pixxluced by treating 90 pts. amyl alcohol with 200 
pts. brown chloride of sulphur (a mixture of S'*Cl'^ with SCP, v. 636)* *Thc action is 
Very violent at first, hy<lrocliloric acid and sulphurous oxide being .“^iven off, for tho 
complete removal of which tho mixture miust be heated to 101^,- At 110° amyl 
chloride distils over, amounting, after washing with weak soda-ley, drying, and 
rectifying, to 100 pto. (Carius a. Fries, Ann. Ch. Pharm. cix. 1). 

^01 75° under pre.ssuro of 752*4 mm. (Pierre, Jahresh, 1851, p. 51) ; 
98 (Rossi, Ch. Pharm, cxxxiii. 176) ; corr. J00'9°, under pressure of 746-6 mm. 
(Kopp; Canus a. Fries). Sp. gr. 0 8625 at 251°; 0'8869 at 0° (Kopp, 1855, 

p. 36) ; 0^8968 at 0° (Pierre) ; 0 8744 at 15 7 (Mendelejef. ibid. 1860, p. 7). 

Amyl chlorido IS very slowly decomposed by teaser at 100° into hydrochloric acid 

and amyl alcohol (Butlerow, Ann. Ch. Pharm. cxliv. 34). Chlorine passed through it 
converts it carbon trichloride, C*C1* (Gerhai^, ibid, exxii. 363). With strong 

amyl-sulphuric acids (Opponheim, J. pr, Ckem, 
ciK p9). With alc^lio it forms ethyl-amyl oxide (Keboul a, Tmehot, Compt, 

Ixiv. 1243). Heated with sodium acetate or benzoate, it forms amyl acetate or 
bonsoato, together with a small quantity of amylone (Borthelot, Ann, Ch, Pharm, 
cxxvii. 69). /* 


When chlonne is passed in diffused daylight and at ordinaiy temperetDies 
torough amylhydnde ftom American petroleum, a mixture of chlorinated products 
js formed, from which by fractional distiilation an amyl chloride may bo separated 
boiling at 98 —103 . Tins chloride, treated with sulphydrato and monosulpmde of 
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AMYL ALCOHOLS. 

: with alcoholic ammonia, yicMs amyl-com^unda ; tat wth 

Bimultaneously with the primary chloride. 

j«n4// Tndide C‘H‘*I Produced, together with etliyl alcohol, 

"“"f "AT Grimm 

SiS'ii'ir s"«¥,.tiiiS£r*E s'ci'r .«- 

,.s.'r7^,.5S. 1 ^ m.na.,??rfS».K "-a, 

(referred to water at 4° J * ( l- o ;• 

1 -4678 at 0^ ^ . 147*2° to 147*7° (bar. 740*2° mm.) Kopp (Jahresb. 1853, p. 37). 

1-4936 at 20° . . • • • • • Grimm. 

Reacitona —Amyl iodide is slowly oxidised to valeric acid by a 6 per cei^. aqueous 
solution of potassium dichromate and sulphurs acid (Chapman a. lliorp, 
y fX 47T). Heated with moi.t silver c=Hde to 100°, it 

amyl alcohol, together with small quantities of amyl oxide and amyleno (Wurtz, Am , 

^^mien 2 ^lt,^dwr^anide and 1 at. amyl iodide are heated together to 
point of the latter, a very violent action takes place, equal volumes of amyleno and 
K^'drocyanic acid being given off, and a black mass remaining, which consists of silver 
icilide ^and a compound of silver cyanide with amyl / 

healed gives off hydrocyanic acid, amyleno, and amyl cyanide (Hofmann, Aettschr.f, 

of amyl iodide with a^iom, see i 202 , ®Xm 

and methylate, i. 205 ; with zinc, iv. 219 ; with sodium stannide v M5 » 
plumbide, iii. 560; with sodium amalgam in presence ot acetic 
cacodyl, i. 411 ; with ethyl oxalate, amyl oxalate, &c., and zinc, iv. 278. 

BeooiMlary Amyl Aloobol*. The secondary alcohol C*H'*.CHOH or 0*H**.H*0 
admits of the three following modifications : 


CH»CH* 

CH*CH» 

H 

,011 

Diethyl 

carbinoU 


CH'CH*CU> /CH(CH»)* 

CH» c 

H ^ H 

,OH (oil 

Propyl* methyl Isopropyl-methyl 

carbiuol. carbinol. 

The first two of these are actually known. 

pMOPTL-MKTKTt Cabbinoi. 18 producod : 1. 4>y COmuiiiioK 

C*n\C>II*, with hydriodic acid, and distilling the resulting secondary amyl iodide, 
with silver oxide and waUy, or, better, bv converting the iodide into the 
corresponding acetate, by means of silver-acetate, and distilling l^e 

purified acetate at 120° with very strong potash-ley and sticks of potash. TiW 
passage from the othyl-allyl through the iodide to the alcohol may be represented bj 
the following structural formulae ; — 
f CH» 


1 . By combining ethyl-allyl. 


1^ 

I CH» 

<!jh» 

hu 

[hs* 

KhjrVsHyl 

fWurts. ZeUsekr.fs Chem, [2] it. 490). 


CH» 

in* 

(W 


CH* 

in* 

is* 


ffleuuiMlsij 

MB jl iodide. 




E.OB 



OH* 

H 

OH. 


j^2 AMTL ALCOHOLS. 

^ “'SvSj: « i 

486). 

(CTO 

C CJP + H* = Cj 

, 0 ' - 
•Pw.™1 n,f.tl,vl cwbinol has an wlour like that of ordinary amyl alcohol, but 
lesrprient - ^ - 0*8260 at 0" ; boiling point 120 " under a pressure of 

nVuri), 120" -123" (Friedol) ; insoluble m water; oxidised hy potas- 
permauganate, yielding a neutral li(|«id winch unites with aeid s^ium sidphite, 
and irten separated from that combination boils at 103 , and exhibits nearly the 
composition of propyl-methyl ketone, C^1I'«0. Acetic and propionic acids are likewise 
priaiueed in the oxidation. The alcohol (reabed with chromic aad d<^s not yield 
mrboii dioxide (Wiirta). Treated with iodine and fhospherrue, it yields the corre- 
snonding iodide, CHF".H1, which wlion decomposed by silver acetate, yields amyleuo, 
together with the corrc«})ondiug amyl ic acetate, 

ISOPEOPYI-MKTIIVI. Cabihnoi, | CIIOH, OP Amyubnk Mono. 

HYDRATK discovorcd by Wnrtz {Ann. Ch. Phijs. [4] iii. 137), is produced 

by combining amylenu (from ordinary amyl alcohol) with hydriodic acid, adding the 

resulting hydriodido by small quantities at a time to an equivalent quantity of moist 
silver oxide in a vessel surrounded with ice, then leaving the mixture to itself for a 
while, and distilling. The alcohol then passes over with tlio water ; aitorwards the 
boiling point rises to about 16C", and above that temperature the corresponding 
ether, 0‘H"’.1T(0C®II“), passes over. Ordinary amylone hydriodido is decomjxised by 
silver oxide much more easily than the isomeric compound ethyl-allyl hydriodido. 

Tlio passage from amylene through the iodide to tho alcohol is ropresonted by the 
following formuliD : 

H’C CH* II*C CH* 11*0 CH* 


\/ 

V 

CH 

1 

ill 

CHI 

ill* 

j 

CIP.H 

Amyleno. 

Iodide. 


CH 

CH> 

Alcohol. 

Isopropyl-methyl carbinol is a light, colourless, very mobile liquid, boiling at 106® 
(bar. 768 mm.) (Wurtz), at 108° (Kolbe), i.e. from 12° to 16° lower than methyl- 
propyl carbinol. Heated for some hours to 200®, it splits up into amyleno 
and water. It absorbs hgdnodic acid rapjdly and with rise of temperature, forming 
water and amyleno hydriodido ; with bromine it forms chiefly amylene dibroiiiido ; 
with chlorine, amyleno dichlorlde and hydrochloride. 'When shaken up with sulphuric 
acid, it becomes hot and yellow, and is converted, not into amylsulMiuric acid, like 
tho primary alcohol, but into amyleno and hydrocarbons polymeric therewith. AVith 
sodium it fonns sodium amylennte, C*H*®.Nn(OH) [probably identical with Wanklyn’s 
liydnite of amylonc-sodiiini, p. 109], which when treated with amyleno hydriodido 
reproduces the secondaiy alculiol and amylene : 

(Ha 


c»iii«: 


OH 


+ c‘n‘* 


If- 


Nal + C*H'® + 


}OH. 


When oxidised by potassium diehroniate and stdphuric acid, it pr.ves off carbon 
dioxide, volatile acids, chiefly acetic acid, a mixture of ketones, &c. ; with potassium 
pirmanganate, the same products (Wui-tz). According to Kolbe (Ann. Ch. Pharm. 
cxxxii. 102 ; Jahresb. 1864, p. 602), the oxidation is of a more definite character. On 
gradually pouring the alcohol into a hot aqueous solution of 2 pts. potassium 
dlehromate mixoil with 3 pis. sulphuric acid, there distils over, together with acetic 
acid, a fruity-smelling oil, which is a mixture of the unaltered alcohol with a ketone; 
convertible by further oxidation into acetic and carbonic acids. This body is 

! ch* 
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Secondary Amylic Ethers. 

Thosd ethensf, as vrell as the coireaponding alcohols, are distJuguishod from tha 
primaij amjlic compounds by the facility with which they are resolved into amylene 
(or isoamylene) and the corresponding acids. They may in fact be regarded as 
amylene compounds intermediate in composition between the primary amyl 
compounds and the amyleno-glycolic compounds. (See Alcohoi.8, p. 65.) The 
chloride, bromide, and iodide are formed by direct combination of amylene or 
isoamylene with the haloid acids. 

Propyl-meihyl-carhinyl Acetate or Iso-amylene Acetate^ 

is prepared by adding the corresponding iodide to an equivalent quantity of silver 
acetate suspended in ether, distilling after 24 hours, agitating the distillate with 
aqueous sodium carbonate, drying with calcium chloride, and rectifying. It is a 
colourless liquid, having a pleasant aromatic odour, but not smelling of pears like 
ordinary amyl acetate, Sp. gr. 0*9222 at 0°. Boils at 133°-135°. Decomposed with 
some difficulty by caustic potash, yielding propylmothyl-carbinol (Wurta). 

Jeopropyl-methyl-carhinyl Acetate or Amylene Acetate^ 

= C“H».H(C»H»0=). 

Produced by the action of amylene hydriodide on silver acetate. Colourless liquid, 
lighter than water, boiling at 125°. \Vhen kept for some time at 200°, it is resolved 
into acetic acid and amylene (Wxirtz). 

laopropyl-methyl-carbinyl Amylate^ CH(OC*H'*), or 

Diamylene Hydrate == is obtained, as above mentioned, together 

with the corresponding alcohol, by the action of moist silver oxide on the hydriodide, 
but in variable quantity. It is an aromatic liquid, differing in odour from its 
isomeride, primary amylic oxide, and boiling at 160°~166° (the primaiy ether boils at 
176°). Sp. gr. =» 0*876 at 0°. Insoluble in water. Resolved by heat into amylene 
and amylene monohydrate ; by guj^cous hydriodic acid into water and amylene 
hydriodide (Wurtz). 

Jaopropyl-mcthyl-carbinyl Ethylate^ » Ethylene- 

amylene Hydrate or Amylene Ethylate^ — Formed by heating 

amylene hydrobromido with excess of alcoholic potash (amylene being however the 
principal product), and separated by washing with water and rectification, finally over 
sodium. Boils at 102°-103° under a pressure of 742 mm. (the isomeric ethyl-amyl 
ether, (C*H*)(C*II'*)0, at 112°), and has a sp. gr. of 0*759 at 21°. Heated with 
hydrobromic acid, it yields primary and secondary amylic bromides (Reboul a. 
Truchot, Compt. rend. Ixiv. 1243). 

Isopropyl-methyl-carbinyl Benzoate or Amylene Benzoate, 

prepared like the acetate, is a colourless, rather mobile liquid, soluble in water, 
having a slight beniEoic odour, and a faint but disagreeable taste. Sp. gr. 1*007 at4)°. 
Boils at about 240° (Wurte). ^ 

laopropyl-methyl-carbinyl Bromide or Amylene Hydrobromidei 

- C‘H‘»HBr. 

Prepared like the hydrochloride, which it also resembles in its jnropertaes* Sp^ » 

1 '227 at 0°. Boils at 113° (eorr.). Its vapouiMleiisity at difi^ent temperatimi 
exhibiu variations similar to those of the hydriodide (p. 116) W ehown hj the 
following numbers, determined by Wurts : 


Ap. 


The sTmboipc^ him used as SB aWvevtotfoneC QH<0B7** 
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AMYL ETHERS (SECONDABy)- 


Temp. 

(corrected) 

163® 

168-8 

160-6 

166 

171’2 

173-1 

182-3 

185-6 


V.D. 

6-37 

6-18 

6-32 

6-14 

6-16 

6-18 

6-16 

612 


Temp. 

(corrected) 

193-2® 

195-2 

205-2 

216 

225 

236-6 

248 


Y.D. 

4-84 

4*66 

4-39 

4-12 

(4-69 

}3*68 

383 

3-30 


Temp. 

(corrected) 

262-6® 

272 

296 

306-3 

314 

319-2 

360 


V.D. 

3-09 

3*11 

319 

3-19 

2-98 

2-88 

2-81 


60 + 11 + 80 


, . . ou t' AJ 

Kow the calculated vapour-denaity of the compound, referred to air. “ — g 
, 0 0693 = 6-23. Hence the rH" ™lnV hut 

as about 185®, or 72° m® knd 260®, and at 360®^t is reduc^ 

vapour-donsity diminishes rapidly bt e ^^ showing that the compound is 

to little more than the half of the ^latea aens j. hydrobromic 

resolved at these high acid vapour^ and amylene may be 

acid. At the same ^tended by any perceptible 

mixed together without um g, combine to a small amount, proXicing 

increase of heat. between 120® and 130®, they 

a rise of temperature ^ ^ ^ of 4® to 6® ; and if mixed at 40®, they 

combine in larger proportion, u . £ temperature. All these phenomena 

r.opropyt-metkyl-carMnyl Chloride, or An^ylene Hydrochloride. 

Produced by the direct combination of amylene 

vn^Andhydrochloricacidgas. the action 

(Borthelot, Compt. rena. m. (uu) o-r 33 at 0®. Vapour-density at 

khereal odour, boiling at about 90®. Sp. gr. « 0 833 at u va^ somewhat 

io<io _ (calt* for a two-volume condensation, 3 688), out at a 

hfeher tomperitoe’dissooiation occurs, and at 290° the density of the ™poim « 
Xed to S of a mixture of amylene and hydrochloric acid, n^ely, to ^8. 
Tho amylene and hydrochloric acid recombine in great part on ^''"8 
AmvCe hydrochloride treated with aqueous potaeh yields amy one hyd»» " 
isopVyl-mWl carbinol and amylene ; with sodium it yie^amylen^^^ d 

a Wge quantity of isopropyl-methyl bonzoato ; with sodium acetate, amylene 
large quantity, and the corresponding acetate (Berthelot). 

UopropyUm^thyUcarhinyl Cyanate, or Amylene Cyanate^ 

- C^H^^eHCNO, 

obtained by treating amylene hydriodidewith recently prepared and <i^ed 
is a liquid^oiling Ween 100° and 120°. >“-“8 - 

with ammonia, it forma secondary amyl-urea, C«H‘*N 0«CON il (OB ; 

[primary amyl-urea being = CON>H-(C!*H"). This 

splendid needles, and when treated with very strong igneous potash yields CMMn 
dioxide, ammonia, and secondary amylamine or iso-amyUmine tP* 

By foater or caustic potash, amylene cyanate is 

Sisistingof secondfrydiamyl-nrea, C»H«'N«0 - COH‘H(CH»XC‘H*XG*H ) 
[primaiy dismyl-urea being CON'HXCPH*')*] (Wurts). 

Propyl-methyl Oarbinyl Iodide. “ le^-amylene Hydri- 

odide. is produced by heating ethyl-nllyl (isoamylene) 

acid, or by tho action of iodine and phosphorus on propyl-meaylc«hinol (p. ii»;- 

It hks a sp. gr. of 1-687 *t 0° and 1-6219 at 11 °. BoiU at 129° (VfurU). 

Uepropyl-m'ethyl-earbinyl Iodide. or Amylene Hydri- 

pdide, C*H'*.HI, is produced by heating ordinary amylene with concentrated 
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AMYL HYDRIDE. 


hTdriodie add. It boils at 130® nnder the ordinary atmospheric pressure (primw 
akyl iodide at 146°), and at S0®-65° in a vacuum. - 1*22 

TOTOur-density, even at temperatures but Ijttle above ita boiling point, falls below 
theoalculated number, indicating a commencement of decomposition, and at higher 
temperatures the vapour-density approaches continually to that of a mixture or 
amylene and hydriodic acid ; thus : 


Temperature 

160® 

210 ® 

262® 


Vapour-density 
Air = 1. Hydrojiren i 
. 6’73 82-7 

. 406 67‘3 

. 4-38 63*2 


60 + 11 + 127 


99 . 


Half the molecular weight of the compound is 

With sodium, amylene hydriodide yiehis chiefly amylene and hydrogen. WiA 
silver-acetate mixed with ether, a brisk reaction takes place, even at 0®, the liquid 
becoming hot, and yielding secondary amyl acetate, together with amylene and aoetie 
acid : 


and 


+ AgOC»n>0 » Agl + 


C^C*H* - 

(oh 

mixture of 1 mol. 


Moist silver oxide acts in a similar manner, forming silver iodide, secondary amyl 
alcohol, amylene, and water. Aqueous ammonia heated with the hydriodiiio to 100® 
in a closed tube displaces the amylene, and forms only a small quantity of the 
hydriodide of an organic base, which yields a plati nochloride cr^'stallising m golden 
Yellow scales. Alcoholic potash liberates amylene (Wurtz). 

I (CH*)* 

TerttoiT Amyl Aloobol or atbyl-dlmetliyl Oartoinol. 0\c 

fCH*WC*H‘).COH (Popoff, Ann. Ck. Pharm. cxlv. 292).— A 
chloropropionyl and 1 mol. zinc-methyl yields needlo-shapc<l crystals of the comp>un(l 
(CH*)»(C"H^).CC1, from which by decomposition with water the tertiary alcohol is 
obtained, the reaction being precisely analogous to that by which tertiary butyl 
alcohol is prepared from zinc-methyl and acetyl chloride (p. 66). The alwhol is 
separated by distillation and addition of a strong solution of potassium carinate, 
shaken up with a concentrated solution of acid swlium sulphite, and dried with fhsed 
potash and caustic baryta. It boils between 98'6® and 102°, smells very much like 
trimethyl carbinol, does not solidify at -17°, moroly becoming more viwid and 
syrupy. By oxi^tion with potassium dichromate and dilute sulphuric acid it yields 
nothing but acetic acid. 

JLWm Mmnxnm or qvmjkwm. C»H'» — This saturated hydrocarbon, the 
fifth of the paraffin or marsh-gas series, is found in American petroleum, of 

which it oonstitutes the portion boiling at 30® (Pelouxe a. Cahours) it is also found 
in Bedhead naphtha (C. Or. Williams, Ohem. Soc. J. xr. 130), and in light coal-tar 
oil obtained ftom Wigan cannel-coal (S^orlemmer, tbid, 419). It is produced : a. By 
the action of water on rinc-amyl : 

Zn(C»H»')* + 2H*0 « ZnH*0» + 20»H«. 

0. By heating equal volumes of amyl iodide and water to 140® in a sealed tube with 
excess of sine (Prankland, Ann, Ch, Pharm. budr. 47) i 

2C»H"I -I- H*0 + Zn* - ZnI*ZnO + 20WK 
y. T<^ther with amylene and its polymerides by heating amyl alcohol with aino 
chloride. — 3. Together with amylene, as a product of the decomposition of diamjd, in 
the action of zinc on dry amyl iodide : 

C**H« « C»H** + 

The mixture of amyl hydride and amylene formed in these and other reactloiis may ba 
separated by means of ftiming sulphuric acid« which dissolves the amylene, bnt not tlm 
amyl hydride. 

Amyl hydride firom American petroleum has a sp. gr. 0*628 at 18° and boila at 80® 
^elo^ a. Gehonzs) ; sp. gr. 0*6268 at 17®, boiling point 84® (Schorleiiuiier, 

Soy. Soe, xv. 181), Am^ hydride readily abaorba duorissst fionmag (togetliar 

1 % 
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amyl sulphoxidb— amtlenb.- 


more , 

Sloriae a ^ckish Uqufdis obtained, which ^ns to toil at ISO*, and^dda totween 
mo and 240“ a liquid having the compoBition C‘H‘C1\ and TOuvertod by alcoholic 
ilhinto toichloiLylene, C®a> (Bauer. Cmpt. rend. h. 672). 


highly chlorinated products) amyl chloride. 0‘H'>01, toUi^atm® lik, 
►Sed from amyl alcohol (Pelouze a. Cahours). By prolong^ action of the 
- fiii'nirioVt iJmiiH is obtain^s which begins to boil at I 


230® ana a iiquiu 
potash into trichloramylene, C^H Cl* (Bauer, 


AJnx BmPSOXXJDE. « (Cm^’)^SO.—Fcoduced by c&reMly 

dropping amyl sulphide, (C*H")*S, into fuming nitric acid, and precipitating the 
solution with water. It then separates as a light yellow oil, solidifying, when washed 
with sodium carbonate, to a crystalline mass, which may be washed with water and 
reciystallised from ether. On leaving the still coloured crystals to drain in a funnel, 
the coloured portion runs away, and the purer compound remains. It forms stellate 
groups of needles melting at 37°-38®, insoluble in water, easily soluble in strong 
sulphuric and in fuming nitric acid, from which solutions it is precipitated by water ; 
easily soluble also in alcohol and in ether. It gives off acid vapours at 100®, and is 
docomposed by distillation, evolving stinjLing sulphuretted prc^ucts ; is completely 
oxidised by heating with chromic acid, iodic acid, and other oxidising agents ; reduced 
by zinc and dilute sulphuric acid to amyl monosulphido. Hydriodic acid decomposes 
it at ordinary temperatures, and more readily when heated, with separation of iodine, 
and formation of a brown oil insoluble in water. Not altered by et^yl iodide, amyl 
iodide, or zinc-ethyl (Saytzeff, Ann. Ch. Pharm. cxxxix. 364). 


ilMmAMCXirilS. Ordinary amylamine, C*H*“N, being derived from the amylio 
alcohol of fermentation, contains the radicle isobutyl CH*CIi(CH®)*, and is represented 
by the formula 


C 


CH*CH(CH»)* 

NH* 


or 


(CH2CH2CH(Cn>)* 
N H 
H. 


It is produced, together with formic acid, by the action of acids — hydrochloric acid for 
example — on amyl cyanide (Hofmann, Jahresb. 1867, p- 364) ; 

C'‘H“CN + 2H*0 » C*H»»N -h CH’O*. 


According to Limpricht (Bull. Soc. Chim. [2] viii, 363), a mixture of amyl cyanate 
and cyanurate, decomposed by potash, forms an oily and a watery layer, tne former 
consisting of amyl alcohol, the latter of a mixture of amylamine, diumylamine, and 
tri amylamine. 


Secondary Amylamine ox laoamylamine. 


C‘H'>N C 


CH(CH»)a 

cm 

H 

,NH» 


ox 


N . — This base, discovered by Wurtz {Bull. Soc. Chim. [2] vii. 

243), is produced by heating secondary amyl urea (p. 113) in a flask of very hard 
glas^ with strong potash mixed with solid potassium hydrate, decanting the liquid 
which takes the place of the crystals of the urea, and distilling it over caustic baryta. 
The isoamylamine then distils over at 78’6®. Its density at 0® ia-*0‘766. It has an 
ammoniacal odour, precipitates cupric salts, but does not redissolvb the precipitated 
cupric hydrate. Its vapour strongly heated in contact with baryta yields combustible 
gases and a small quantity of barium cyanide. Bromine in contact with excess of the 
concentrated solution of this base forms a hydrobromido of the base and a heavy yellow 
brominatod liquid, which cannot bo distilled. The hydrochhnde, C*H**N.HC1, 

crystallises in efflorescent scales, and may be obtained in rather largo quadratic 
octohedrons by curing ether into the concentrated alcoholic solution. The platino- 
chloride^ 2C^H**N01.PtCl’, is very soluble in water and in alcohol, and forma flne 
crystals, derived from a raonoclinic prism. The aurochloridet C*H* 'N.AuCl*, forms 
laige yellow crystals, also belonging to the monoclinic system. 


AMTXilBXYS or — This hydrocarbon, originally obtained 

by dehydrating amyl alcohol with zinc chloride, is also produced : in the decomposition 
of amyl chloride by melting potash, or by passing the vapour of that compound ovex 
lime heated to dull redness : 

20H''C1 + CaO aa CaCl* + H«0 + 

in the decomposition of amyl iodide by zinc amalgam in sealed tubes ; of amyleno 



AMTLEim. 


117 


hydrate or secondary amyl alcohol by heat ; of amylene h^riodide by moist silver 
oude, ammonia, silver acetate, &c. (p. 115); of amylene dibromide, by copper and 
water under certoin circumstances ; in the dry distillation of amyl sulphates, acetates, 
and butyrates, also of oleic acid, resin, Boghead coal, and other organic bodies. 

To prepare amylene, 1 pt, of fused zinc chloride is drenched with ^ pt. amyl alcohol, 
' and the liquid, after several days’ contact and frequent agitation, is distilled, the action 
beginning at T0^-80°, and the distillation being continued till the temperature rises 
to 130^-140° and the liquid begins to froth. The distillate contains amylene, water, 
nndecomposed amyl alcohol, and polymerides of amylene ; it is redistilled in the water- 
bath and the distillate is dehydrated, and rectihed over sodium. The residue contains 
di', tri-, and tetra-amylene (Bauer, ff^'ien. Akad. Ber. xliv, [2] 87 ; Jahresb. 1861, p. 
669). See also Linnemann (Ann. Oh. Bharm. cxliii. 350). « / 

Amylene boils at 33® to 84®. Sp. gr. -= 0-66277 at 0® ; 0 6549 at 10° (Buff, Ann, 
Ch. Phartn. Suppl. iv. 143). 

Iso-amylene or Ethyl-allyl, a hydrocarbon isomeric ;5^th tJio 

amylene above described, is produced by the action of zinc-ethyl on allyl-iodide ; 

Zn(C«H»)* + 2C»M = Znl» + 2C‘‘H»* 

When a mixture of 1 mol. zinc-ethyl and 2 mol. allyl-iodido is heated to 100® in a 
sealed tube, a violent action takes place, zinc iodide separates out, and on opening the 
tube a large quantity of gas escapes, whilst tlio iodide is saturated with a liquid. On 
distilling off this liquid, heating it for some days in a sealed tube with potassium, and 
then subjecting it to fractional distillation, allyl passes over first, forming the principal 
product, then between 25® and 32° chiefly amyl hydride, and betwoon 32® and 39° ethyl- 
allyl or iso-amylene mixed with amyl hydride. These two hydrocarbons are separate 
by treatment with bromine and distillation, the amyl hydride, which does not unite 
with the bromine, passing offat a comparatively low temperature, tlio bromisoamylene 
at alK>ut 175® (Wurtz, Ann. Ch. Pkarm. cxxiii. 202). 

The constitution of iso-amylene is shown by its mode of formation ; ordinary 
amylene has not been formed synthetically, but its formation from primary amyl 
alcohol, and its conversion ii»to secondary amyl alcohol or methyl -isopropyl carbinol 
(p. 112) show that it has the constitution of vinyl-isopropyl : 

H>C CH» 

CH 


k 


H* 


Viiiyl-Iaopropyl 
or amylene. 


CH* 

in* 

’iii* 

(in 


CH» 

Ethyl-nllyl 
or Iso-amylene. 


Amylene differs by 2 at. hydrogen from the saturated hydrocarbon C*H**, and is 
capable of uniting directly with 2 at. bromine, chlorine, and other univalent radicles, 
also with 1 mol. HCl, HBr, &c., and thereby forming saturated compounds of the type 
C^H‘*. It is therefore a diatomic or bivalent radicle ; but, like most other radicles of 
this class, it possesses considerable stability in the free state, and is capable of giving 
up a portion of its hydrogen in exchange for other radicles, thereby forming substitution- 
products of its own type, e.g. C*H*Cl, C*H*Br, &c. ; and those again can take up Cl*, 
Br*. HCl, &c., also forming saturated compounds. On the other hand, amylene bromide, 
C*H**Br*, heated with alcoholic potash, gives up 2 mol. hydrobromic acid, and is 
reduced to quintine or valerylene, C*H*, which is a quadrivalent radicle capable 
of forming saturated compounds, like (>H*Br*, and unsaturated (bivalent) compound 
like OH*Br* ; moreover, this last-mentioned compound is reduced by treatment with 
alcoholic potash to qui n to n e or V aly I e n e, C*H*, which is a sexvalent icicle (r, 982)^ 

The following reactaons relate chiefly to ordinary amylene ; those of iso-amylene, so 
far as they have been studied, are analogous : — 

1. Amylene is not altered at 800®, but decomposes partially when heated in 
vessel to the softening point of the glass, vielmng traces oi acetylene and tar, also 
hydrocarbons of the series OH*", vis, propylene and butylene, and ethers belon^ngto 
^e sei^ OH*"+* (Berthelot, Amt. Ch. P1^$. [4] ix. 442). Acetylene is also 

the imperfect combustion of amylene (Berthelot). 

2. Amylene is not decomposed by heating to 300® with aqueous Hne ehhrida, hut 

5fed sine-chloride at 100° converts it partially into diamylene and othsr polytiufffdai 
(Bauer, Berthelot). ^ 



lie 


/lMTLENE 


s Murk oM acts in a similar manner, but more qnii^jf (Banw), the 

UanM^^mr mto two portions, the lower of which wntains an sad womenc witli 
amvlsulphuric acid, and another corresponding to isethioBJe acid (&melot, Am. Ci. 
F^rm. c^ii. 311). At 100° part of the amylene is carboni^ (^uer). 

4 Amylene heated with a solution containing 4 to 8 per cent. po<a^»m d»cAro«ni<« . 
and’a sufficient quantity of sulphuric acid is oxidised to aoeUc and carbonic acids 
(Chapman a Thorp). Wurtz obtained from amylene by this mode of oxidation the 
iame products as from amylene hydrate (p. 112). Potassium pernMn^aTiate acta in the 
same manner as the chromic acid mixture (Chapman a. Thorp). Truchot [Campt. 
rend. Ixiii. 274) obtained formic, acetic, and propionic acids ; he also observed an 
odour of butyric acid. According to Berthelot {Compt. rend. Ixiv. 36), a cold solution 
of potassium permanganate produces volatile acids, oxalic, malonic, succinic, and 
perhaps pyrotartaric acid. "WTien amylene is left for a week in contact with a highly 
concentrated solution of hydrogen dioxide in hydrochloric acid, am>lene hydrochloride 
is produced, and may be extracted by ether. The remaining liquid, when fr^d from 
hydrochloric acid by silver oxide and concentrated, forms a bitter syrup, which when 
treated with chlorine bisulphide, yields amylene hydrochloride, and therefore contains 
hydrated oxide of amylene (Carius, Ann. Ch. Pharm. cxxix. 167). Kespecting the 
action of fuming nitric acid and nitrogen tetroxide on amylene, see i. 208, 209. 

6. With bromine, amylene forms chiefly amylene bromide, C*H*®Br*, likewise 
bromamylene bromide, C*H®Br.Br“ (Reboul, Compt. rend. Iviii. 105-8). 

6. Amylene cooled at first to -16®, and afterwards gently heated, quickly absorbs 
chlorine, with slight evolution of hydrochloric acid, and the product, washed with 
dilute alkali and dried by calcium chloride, yields on fractional distillation the follow- 
ing compounds : 1. Chloramylene, C*H*C1, of sp. 0 9992 at 0®, and boiling at 
90®-96° (in small quantity).— 2. Amylene dichloride, C^H’®CP, of sp. gr, 1’2219 
at 0°, boiling at 146® (in larger quantity). — 3. Chloramylene dichlorido, 
C*H®Cl.CP, by cooling of the portion which goes over between 160® and 190®: white 
feathery crystals purifiable by sublimation. — 4. Dichloramylene chloride, 
C^H^Cl^.CP, a limpid liquid of sp. gr. 2*4292, boiling at 220®-230®; produced in 
considerable quantity by the action of chlorine on amylene at 100® ; not completely 
dcchlorinated even by heating with alcoholic potash to 120®-! 30® (Bauer, Zcitschr.f. 


Chem. 1866, pp. 380, 667). 

7. Stannic chloride heated with excess of amylene to 100® in a sealed tube,, is 
reduced to stannous chloride, and converts a portion of the amylene, partly into chlor- 
amyleno, partly into amylene dichloride. The excess of ainylene is at the same time 
converted into polymeric modifications (Bauer a. Klein, Zcitschr. f. Chem. [2] iv. 


380). 

8. Amylene unites with hydrochloric and hydrobroniic acids less readily than 
propylene (Berthelot, Compt. rend. xliv. 1350) ; also with hydriodic acid (Wurtz). 
According to Morkownikoff {Zeitschr. f. Chem. [2] ii. 602), it absorbs hydrobromic 
and hydriodic acids as rapidly as water, hydrochloric acid less quickly; unites also 
with hydrocyanic acid. 

9. It combines readily with hypochlorom acid, CIOII, forming amylenic chlorhydrin, 

C“H'®.C1(01I) (Carius, p. 121). On agitating it with iodine, mercuric oxide, and 
Water, hypoiodous acid is produced, which converts the amylene, into amylenic 
iodhydrin, C*H'®.I(OII) (Lippmann, p. 121). ^ ' 

10. With carbonyl chloride (phosgene) amylene becomes hot and forms whit© 
fumes, condensing to a pungent liquid, which is not decomposed by contact with water 
for several days. This liquid yields by distillation amylene and dichloramylene, 
formed by the free chlorine in the phosgene gas, and between 90® and 100® a very 
strong-smelli ng product, consisting of 1 e u c i c chloride, C®H*®OCl*, formed by direct 
addition of carbonyl chloride : C*H*® + COCl* C®H*®OCl* (Lippmann, Ann. Ch. 
Pharm. cxxix. 81). 

1 1 . With phosphorus penlachloride, amylene becomes heated, and converted, without 
evolution of hydrochloric acid, into a nearly dry mass containing phosphorous acid, 
hydrochloric acid, and dichloramylene (Guthrie, Ann. Ch. Pharm. cxxi. 108). With 
cfdorine bisulphide it unites directly, forming the compound (C*H‘®)'S*Cl* ; with hrown 
chloride of sulphur, (S*C1* + SCl^), it forms C»H>®SCP (Guthrie, i. 209). 

12. Cyanogen iodide heated with excess of amylene, decomposes it, forming brown 
products (Erienmeyor, Zeitschr. Ch, Pharm. 1866, p. 545). 
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Compounds or amtlens. 


The Additive compounds of am^lene may be divided into two groups, 
a. Those formed by addition of 1 molecule of a haloid acid, HCl, HBr, &c., and 
others formed therefrom by substitution of hydrojtyl, OH, acetyl, 0C*H*0, &c., for 
the haloid element These are the secondary amylic compounds, discovered by Wurts, 


e-g» 

Amylene Hydrochloride, or Methyl-isopropyl-carbinyl Chloride . C*H*®.HC1 

Amylene Monohydrate, or Methyl-isopropyl Carbinol . , 

Amylene Mono-acetate or Methyl-isopropyl-carbinyl Acetate . C*H*®.H0C*H*0 

They have already been described, toother with the corresponding methvl-propyl 
compounds derived from iso-amylene or ethyl-allyl, under Amx Alcohols ana li^UBBS 

(pp. 111-116). 

/3. Compounds formed by addition of 2 at bromine, chlorine, or other univalent 
radicles, or 1 at. oxygen, sulphur, or other bivalent radicles, to 1 mol. amylene : these 
are the amylene-glycolic compounds, e.g,, 

Amylene Dichloride C*H*®C1* 




(Cl 

joH 


Amylene Hydrato-chloride or ) 

Amylenic Chlorhydrin { • . . 

Amylene Dihydrate orf 

Amylenic Glycol ( . . • . 

Amylene Acotato-chloride orf 
Amylenic Acetochlorhydrin J • • • • 

Amylene Diacetato . C“H'®(OC*H*0)* 

Amylene Oxide ....... C®H*®0 


C'‘n'«(OH)* 
(Cl 


C‘H‘® 


0CaH*0 


Several of these compounds are described in vol. i. pp. 208, 209; the following have 
been more recently discovered, or further investigated. 


Amylene Xllbromlde. C®H'®Br®. — Produced by the action of bromine on 
amylene (Cahours, Compt, rend. xxxi. 291), or on amylene monohydrste (Wurtz), 
To prepare it, bromine is added in a fine stream to amylene till the colour remains 
constant. The product, after washing with dilute potash, then with water, and drying, 
passes over on distillation, mostly between 170® and 180®, but not without loss of 
nydrobromic acid, so that it is best to interrupt the distillation at 160° ; the residual 
impure bromide may then bo used for the preparation of amylene glycol (Wurtz, Ann. 
Ch. Phys, [3] Iv. 458j). 

Amylene bromide is converted by alcoholic potsish, chiefly into monobromamylene 
(Cahours), but a very small portion is convertwl by loss of Br* into amylene, and 
another small portion by loss of H-'Br* into valoryleno, C*H" (Reboul, Ann. Ch. 
Pharm. cxxxiii. 84). With sUver-cuc'^ate it forms amylene diacetato (Wurtz). An 
alcoholic solution of poiaseium acetate acte upon it at 100® only after addition of 
glacial acetic acid, and even then but slowly, forming chiefly bromamylene, C*H®Br, 
with a small quantity of amylene diacetato (Bauer, Bull. 8oc. Chim. 1860, p. 148). 
With a^ium ethylate it yields bromamylene and amyl alcohol ; with zinCy sodiumy or 
po/oMttem, bromamylene, amylene, and hydrogen (Bauer). Trea^ with silver oxalate 
under petroleum, it yields amylene, carbon dioxide, and silver bromide : 

+ C*Ag»0« C*n** + 2CO* + 2AgBr 

(Golowkinsky, Ann. Ch. Pharm. cxi. 252). 


Derivatives of Amylene Dibromide. 

Mon ohroma my lene^ C*H*Br, formed by heating amylene dibromide with alcoholic 
potash, la a colourless mobile liquid turning brown on exposure to the air, boiling at 
(Bauer, Ann. Ch. Pharm. cxx. 167 ; Zeitschr. Ch, Pharm. 1861,p. 590) ; 

-118° ; sp. gr. 1*22 at 19® (Linnemann, Ann. Ch. Pharm. cxliii. 861). It unites 
forming C*H*Br.Br*, and with chlorine, forming the oompotsnd 
t> H Br.CI* in white crystals, but many other products are formed at the same time 
potash et 140® abstracts HBr, and forms ralervlene, 
(Rwoul). Jfoomamylene distilled with silver eyan^e yields a commoona which fomis 
with aiwonia crrstals of a my 1-u r e a (Cahours a. Hofmann, Ann. dh. Pharm. eiv, 809k 
heated with broman^lene to 180° for 96 hours forms a small quantity ojf 
s^c bntnnide, a gas, and a few drops of a liquid boiling below 40°, probably atnyMM 
cmil. 202). Olevinsky {Zeitschr. Ch. Pharm. 1861, p. 674) obUdiM A 
light liquid having an alliaceous odour and boiling at 70°-80°. 
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l^romamylene Dihromide. « C*H*Br.Br*. — On dropping bromine 

intobromamylene, the liquid soldifies, with hissing and evolution of heat, to a red-brown 
mass, which may be purified by pressure and recrystallisation from eih&t (Bauer, ho, 
cit). This compound is also formed, together with amylene dibromide, on treating 
amylene with bromine (Reboul, Compt. rend. l^ii. 1058). It forms white needies 
having the odour and taste of camphor. When heated it sublimes, with partial 
decomposition, but without fusion. 

Treated with alcoholic potash, it yields bromamylene, C*H®Br. dibrom- 
amylene, C“II*Br^ and an ethylate, ^ 1 0, which boils at 1 770-1 80°, and is 

capable of taking up 2 at. bromine. The body thus formed, 0, is converted 

by alcoholic potash into another ethylate, ^ lighter than water, 

boiling at 126°-130°, and uniting with bromine, iodine, and concentrated haloid acids 


The alcoholic solution of bromamylene dibromide heated with silver acetate yields 
the di acetate 1 0, which when saponified by fused and pulverised 

^H^Br™ yields bromamylene dihydrate, or bromamylene glycol, 

and this last body heated to 100° in a sealed tube with potash yields 

amylic glycerin, (Bauer, Zeitschr. Ch. Pharm. 1861, p. 673). 

Amrlene Dibenzoate, C^H“».(C’IPO*)^ produced by the action of silver 
benroate on amylono di bromide, forms large colourless shining laminae, soluble in 
alcohol and ether, molting at 123° (Meyer, Compt. rend. lix. 444). 

„ C»II'®CP (Guthrie, Chem. Soc. Qu. J. xiv. 128 ; Bauer, 

Zeitschr. f Chem. [2] iv. 380, 667).— 1. A mixture of phosphorus pentachloride and 
amylene forms a nearly dry mass, from which water, after twelve hours’ standing, 
separates amylene dichlonde as an oily layer, while hydrochloric and phosphorous 
acids remain m solution. The amylene dichlorido is purified by washing, drying, and 
rectification (Guthrie). 2. The dichloride may also bo prepared by passing chlorine 
through amylene, cooled at first to -15°, and then gradually heated to the boiling 
point of the resulting liquid. The product, washed with alkaline water, dried, and 
subjected to fractional distillation, gives off between 90° and 95°, monochloramylene, 
and at about 146 amylene dichloride, which at higher temperatures becomes mixed 
^tii more highly chlorinated products (Bauer, p. 118).-3. It is formed, together 
with polymerides of amylene, by the action of stannic chloride on amylene and on 
amyl alcohol (Bauer a, Klein, p. 118). 

Amylene dichloride is a liquid of sp. gr. 1 058 at 9° (Guthrie): 1-2219 at 0° 
at 141°-147° (Guthrie) ; at 146° (Bauer). ^ 

When valoraldehydo is heated with rather more than an equivalent quantity of 
phosphorus pentachloride, and the product is mixed with water, washed, dried, and 
distilled there passes over a light mobile oil consisting of an isomeride of amylene 
inli fi - . compound has a sp. gr. of 1*05 at 24°, and boila at 130°. It is 

(Ebcrlb^hVrr’^ PW“ ***"’ alcoholic potaah 

together with other chlorine-oompounds 
“tion of chlonnc on amylene. It boils at 90°-96e, has a sp. gr. of 
0 9992 at 0° ; v.apour^lcnsity = 3 82 (calc. 3-62) (Bauer). f 8 • “ 

anf is prodneed, together with chloramylene 

Tiortinn of tlm niYvlirS- chlorine upon amylene, and constitutes the 
‘ ® ’’‘■•'reen ISOe and igO”. This distillate yields on 

.^yetals, whicli may bo pnrifled by pressure and sublimation. 

jgsrijsrsraxte 

JS( w.*ss? -1 a.. hUu, i. 

A compound isomeric or identical with this is formed, together with tunyten* 
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diehloride and other products, by the acUon of chlonne on amylene, and pasM orer 
on fractional distillation between 220° and 280°. It .w. .» fjiansparont <»lonrleas 
liquid of sp. gr. 1*4292 at 0® ; decomposes partially on distillation. Alcoholic potash 
separates from it a large quantity of potassium chloride, but not form a non- 

chlorinated and distillable product oven at 130® (Bauer. J, pr, Chem. c. 43); 

Trichloramylene, C*H*C1*, is produced by treating dichloramyleno dichlorido 
vith alcoholic potash, and boils at about 200® (Bauer), 

AmpUnie Chlorhydrin, described at p. 208, vol. i., as produced by 

the action of hydrochloric acid on amylene glycol, is also readily formed by direct addition 
of hypochlorous acid, ClOH, to amylene. A solution of hypochlorous acid of 1 or 2 
p. c. ClHO (containing also mercuric oxychloride and excess of mercuric oxide) is 
gradually mixed in a glass vessel having a ground stopper, with amylene in the pro- 
^rtion of rather more than 1 molecule of the latter to 2 at. chlorine. As soon m 
the odour of the acid ceases to be perceptible, the aqueous solution of the amylenic 
chlorhydrin is filtered, freed from dissolved moremy by hydrogen sulphide, then 
neutralised with sodium carbonate, and shaken up with other. The ethereal solution 
dehydrated with potassium carbonate, and freed from ether by evaporation over the 
water-bath, leaves the amylenic chlorhydrin as a colourless liquid, which may be 
further purified by standing over oil of vitriol, and one subsequent distillation. It 
has a powerful odour, like that of valeric acid, is heavier than water, and soluble 
therein, and is precipitated from the aqueous solution by salta. It distils easily with 
aqueous vapour, boils, when quite pure at 165®, and has a vapour density of 4 218 
(civlc. 4*246). It dissolves mercuric chloride in considerable quantity, and cannot bo 
separated by distillation from this solution without decomposition, inasmuch as 
moicurfius chloride is produced on heating the liquid (also from the aqueous solution V 
By potash it is resolved into potassium clilorido and amylene oxide (Carius, Ann, C% 
Pharm. exxvi. 196). 

Amylenic lodhydrins , — 'When amvlon© is shaken up with i(^ine and mercuric 
oxide, mercuric iodide and hypoiofloas acid, SIO, are formed, which latter combines 
directly with the amylene, forming an iodhydrin, which is heavier than water, is 
decomposed by distillation, and when treated with silver acetate yields acetic acid, 
silver iodide, and amylene oxide. 'WTion iodine, mercuric oxide, and amylene are 
introduced into absolute alcohol, the iodine disappears, forming mercuric iodide and 
several iodhydrins which cannot bo distilled except in a vacuum. An iodhydrin thus 

prepared was found to contain which could not be distilled, 

gave, with silver acetate, a mixture of amylenic acetates, from which, by fractional 
distillation, tlie following compounds were separated : 

A ; boiling at 160®, B ; boiling at 106®. 

C'H'MO 

C«H»0 . C»H» JC*H*0 

The body B, which was formed in the largest quantity, yielded, by heating with 
hydriodic acid to 160®, the iodides of ethyl and amyl (Lippmann, Zeitdchr, Ch, Pharm, 
1867, p. 17). 

Amylene lodoeyanide, C*H>MCv, is obtained in an impure state, by adding 
amylene drop by drop to cyanogen iodide. It is a brown liquia, which distils over 
with water, and mav be decolorised by acid sodium sulphite. With alcoholic potash 
at the boiling heat it yields ammonia and leucic acid, or an isomer thereof : 

C*H»*JCN + 2KOH + H*0 - KI + KH* + 

Amylene Pofeerinm 

lodocysnide. lencate. 

(Erlenmeyer, ZexUckr, Ch. Pharm. vi. 646). • 

Amylene Sieulphide, is pi^uced b^boilli^ diamylene sulphochlorids 

for some hours with sine-granules in a flask provided with a reflex conoenser. On 
dUtillii^ off the greater part of the alcohol, and Washing the residue^ with water, the 
bisulphide rises to the stmaee as an oil, which may be &ed and recUfle^ The port 
oompound is a oolonrless oil, having a sp. gr. of 0*907 at 18®, and boiliqg at wmt 
200® (Guthrie, Chem. 9oc. Qu. J. xiv. 128J. 

Amylene Sulphoearhonate, obtained bp the action of an alcohdUe 

solution of amylene hioiitide on eodiunf sulphocarbonate, is a somewhat visod Urndfl 
of mote or lese yellow*hxown eoloiir, and sp. gr. sp 1*078 (Hnsemaiiii, llil, 

p.484). 
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JLlCyijanul, 1^01iT»miC. DiamyUm, (Balard, An%. €him. I%«. 
[81 xii. 820 ; Bauer, Bh- Chim.pwre^ 1862, p. 3 ; Bull. 8oc. Chm. 1863, p. 832 ; 1867, 
^11. 841 ; Berthelot, ^imie (yrganique fondle eur la Synthlee, ii. 700 ; and ComjA. 
rend. Ivi. 1242). — This body, representing a double molecule of amylene, was 
discovered by Balard, who named it paramylene. It is produced, together with 
other hydrocarbons, by the action of strong sulphuric acid or zinc chloride on amyl 
alcohol, or on amylene. It also occurs amongst the products of the action of zinc- 
ethyl on allyl iodide. It is a liquid having a sp. gr. of 0 7777 at 0°, and boiling at 
165° . , . 

When bromine is added to a cooled ethereal solution of diamylene, a bromide, 
C’®H*®Br®, is obtained, very easily decomposed by heat. On adding the ethereal 
solution of this bromide by small portions to dry silver acetate mixed with acetic 
acid, and heating the mixture in the water-bath, a mixture of the acetin and diacetin 
of diamylenic glycol is obtained, viz., 

Acetin. Diacetin. 


When the acetate thus obtained by distillation is heated with pulverised potassium 
hydrate, it ^elds diamylene oxide, (isomeric with capric aldehyde), in the form 

of a light liquid boiling at 170°-180°, and having a vapour-density of 5*361 (calc. 
6*401). This oxide is insoluble in water, soluble in alcohol and ether, reduces 
amraoniacal silver nitrate, and has an odour of rue (Bauer). When diamylene cooled to 
— 17® is treated with a current of chlorine, the temperature being gradually raised to 
11° and ultimately to 140°, the liquid, which had at first turned brown, becomes 
colourless, and when washed with alkaline water and distilled, yields at 240°-260° 
chlorinated diamylene chloride, C'®H‘®CI.C1*, soluble in alcohol and ether, and having 
a density of 1*1638 at 0°. This chloride heated in closed vessels with alcoholic potash 
yields chlororutylene, C‘®H*^C1, and if the action of the potash be repeated on this 
body, potassium chloride is again separated, indicating the formation of the com- 
pound (Bauer). 

Diamylene directly treated with bromine forms an unstable oil, C*®H‘®Br.Br*. By 
oxidation with potassium dichromate and sulphuric acid, it yields a ^een oxygenated 
non-acid oil, boiling between 130° and 200°, an acid product containing acetic acid 
and an oily acid, and a tarry residue, which appears to contain an acid boiling 
between 216° and 225° (Walz, Zeit^hrff. Chem. [2J iv. 315). 

Diamylene disulpho'dichloride, — This compound, obtained by 

treating chlorine disulphide with excess of amylene, was discovered by Guthrie, and 
is described in vol. i. p. 209 as dUtdphocMoride of amylene. The formula there given 
contains an uneven number of univalent atoms, and should therefore be doubled. 


The compound chars when heated, giving off hydrochloric acid, sulphydric acid, 
and other sulphuretted products. The alcoholic solution heated with zinc forms 
amy lene bisulphide, if an acid is present, sulphur is likewise removed. 

Fuming nitric acid attacks it violently, forming sulphuric, hydrochloric, oxalic, and a 
sulpho-acid ; and by incomplete action, a heavy green oil agreeing approximately with 
the formula C*®H*•S(NO*)^ 

With potassium acetate, diamylene sulphochloride appears to form the compound 
C'*H*.(0*H*0)*.S*. With zinc-ethyl it forms a compound wlibse composition is 
apj^ximately represented by the formula (C»H**)“S* (? I 



Trtamylene, (C**H*®)'', is produced, together with several other products, by 
heafang ^yl alwhol or amylene with zinc ^loride (p. 117). On removing the pro- 
ducts which distil below 160°, and dissolving the resiaue in water, an oil Ses to the 
surface which when distilled yields triiamylene between 240° and 250°, and tetramylene 
between 390° and 400°. Both these pr^ucts must be rectified over sodium, 
Tnamylene is a colourless oil having an odour of turpentine, a sp. gr. of 0*81 89» 
and boiling at 248°. Vapour-density - 7*6 (calc. 7’4). It is insoluble in water, 
soluble lu alcohol, but not in all proportions, insoluble in ether. Bums with a white 
swty flame. Reacts with bromine like diamylene. The bromide, (^‘H^Br*, acts 
violently on silver acetate even at - 15°, producing triamyleno acetate, 
whjA 18 decom^ed by potash, yielding potassium acetate, water, and benyleBS^ 
(Bauer, Wten, Ber. xliv. [2J 87; Jahresb. 1861, p. 658; A^. tX 

^arm. cxxxvii. 249), Triamylene bromide is also converted into benylene by hSfttSfig 
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tx> 100® wiih aleoholic potash : + 2KOH « 2Mr + 2H*0 + The^ 

formation of benjiene from triamylene is similar to that of rutjlene diamyleno 
(Bauer a. Verson, Zeitechr.f. Chem. [2] iv. 601). 

Tetram^lene, (C*•H•®)^~Discove^©d by Balard (Ann. CK Phys. [3] xii. 820), 
\rho named it metampl^ne. It is formed simultaneously with triamylene in the re- 
actions above mentioned, and purified by rectification in a vacuum. It is a thick 
brownish oil, having a sp. gr. of 0*871 at 0®, and boiling between 390® and 400®, 
Dissolves with difficulty in alcohol, more easily in ether (Bauer). 

BTTLFBZSB. Amyl mlphethylate or Ethyl sulpha 

amylate . — This compound, prepared by the action of amyl alcohol on ethyl disulpho- 
phosphate (ii . 648), was found by Carius to boil at 1 32®-l 32*6®. Linnemann prepared it 
by the Mtion of amyl iodide on potassium sulphide in alcoholic solution, and mund it 
to boil between 130° and 140®. According to Saytzeff (Zeitschr.f. Chem. [2] vi. 106), 
it boils at 168®-169®, whether prepared by the heating amyl chloride with sodium 
sulphethylato (mercaptide) or ethyl iodide with sodium sulphamylate. It is oxidised 
by nitric cwjid to amyl-ethyl sulphoxide, (C®H'*)(C*H*)SO, a thick, yellowish, 
oily liquid, which is not distillable without decomposition, and solidifies in a freezing 
mixture to a crystalline mass, melting even below 0®. By zinc and dilute sulphuric 
acid the sulphoxide is reduced to amyl-ethyl sulphide (SaytzefT, Atm. Ch. Fharm, 
xxxix. 354). 

AJMnrZiinUttZC A.CZ3>. See MRTRxn:.Mic Acn>, iii. 984. 

ABKTIiZir. A constituent of arbol-a-brea resin (i. 364), and probably also of 
clemi resin (ii. 483). 

ASTACAKirZTA. A wood of unknown botanical origin, lately imported into 
Kurope from Mexico, and said to yield preparations useful in pulmonary disorders. 
The bark and wood yield to alcoiiol and cold water only a small quantity of extractive 
iiiatUr, together with iron-greening tannin. The aqueous decoction yields on standing 
a large quantity of calcium oxalate, which is deposited in the parenchyma cells, and 
may likewise be isolated by agitating the bast with ether. The wood leaves 2’9 p. c,, 
tlio bast about 20 p. c. ash, consisting almost wholly of calcium carbonate (A. Buchner, 
Chnn. Centr. 1861, p. 447). The wood is said also to contain a volatile oil which 
unites with acid sodium sulphite, a tannic acid resembling catechutannic acid, gallic 
acid, a yellowish resin, arabin, uncrystallisable sugar, grape-sugar, a tasteless volatile 
body wnich crystallises in warty masses, and a bitter substance crystallising in white 
needles which does not precipitate platinic chloride or phosphomolybdic acid (Jaheeth. 
1861, p. 771). 

ABAUtOBZaa. Pasteur's name for those infusoria which live, or at least act 
08 ferments, only when excluded from the air: they are also called zymic ferments 
(from CiJfitj, yeast) ; on the other hand, those which, like Monas and iacteriumf require 
the presence of oxygen, are called A6r obi 08 or Azyraic ferments. 

AJTAXiTSZBt ZirOBOAJnc« Disintegration of Insoluble Substanoea . — The 
ordinary method of treating substances insoluble in water and acids, by fusion with 
an alkaline carbonate in a platinum or porcelain crucible, involves the risk eitW of 
destroying the platinum vessel by the action of reducible metals which may possibly 
be present, or of contaminating ^e fused mass with silica and alumina denved from^ 
the porcelain crucible ; moreover, with an ordinary gas-burner or blowpipe it Is not 
^y to raise a porcelain crucible to the high temperature required for the ^ion. 
^ese inconveniences may be avoided by a method introduced by Bloxam (Chem, Boo* 
e ^hich consists in eausii^ the heat to be applied inaide the mass to be 

fused. For this purpose the substance under examination is intimately mixed wi^ 

2 pts. sodium carbonate and 14 pta. of a mixture composed of 1 pt. finely polretised 
charcoal and 6 pts. saltpetre ; the mixture is placed in a thin porcelain dish or demi 
iron tray, and set on fire with a glowing slip of wood. The deflagratimi is oompieted 
m two or UiM seconds, and a well-fused mass remains, which is easily detached from 
cooled dish, and may then be boiled, first with water, and then with adds for the 
rxtraetiQn of the soluble constituents. This method is efiEeetual for the disinUgntioael 
^uarU-sand, pipoH^lay, fluor-spar, and indeed of all insoluble sabstaoese, exeepiehfcm^ 
iron ore. Barium sulphate (heavy spar) is so completely deeempoeed ^ it that Ihe > 
process may be advantageously applied to the ptrepamtton of soluble httvitmi eahti. 
Histone, flint^laea, aown-glaes, diver chloride, leed anlphatei and emltfo M# tim i 
Pmec^ydecornpoe^ felspar only partial^. la eaasa when Ui Is not deeded to jaatth 
lor sulphates, the dismte|pratiou may also oe advmtageoBsly eSbeted ^ 
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Jnixtuie of 1 pt. of the insoluble substance with 4 pte. sodium carbonate, 4 jia. salt- 

^ToMarch*fOT^lk8li^*ft^®*^nsol^la*s^stance is deflagrated with seren times its 
of a mixture of 1 pt. sulphur and 6 pts. barium mtrate in a porcelain crucible ; 
the TOoW mass is well boiled with water; and the filtrate, after being freed from the 
disBolred baryta, is examined for alkalis in the usual way. Flint-glass, felspar and 
cryolite thus treated give up the whole of their aikah. ^ 

W Clarke (Sill. Am. J. [2] xlr. 173) disintegrates refractoiy minerals, such as 
chrome-iron ore, rutile, &c., by mixing thorn, finely pulverised, with 3 pts. sodium 
fiuorido in a platinum crucible, covering the mixture with a layer of acid potassium 
sulphate (12 pts') and heating the crucible over a Bunsen s lamp till the mixture 
attains a state of tranquil fusion. The fused product is almost always perfectly 
soluble in water, especially if it be moistened after cooling with sulphuric acid, and 
heated again. When the presence of alumina does not interfere with the analysis, 
cryolite may be us^ instead of sodium fluoride. The author prepares sodium fluoride 
by boiling cryolite with caustic so<la in an iron vessel, washes the gelatinous sodium 
fluoride thereby separated with cold water, and purifies it by crystallisation. 

Schonn (ZeiUchr. f. Chem. [2] v. 664 ; vi. 279) decomposes insoluble substances by 
fusing thorn in a steel crucible with potassium or sodium. For the detection of iron, 
however, a separate portion must be fused in a glass tube. 

Qualitative Analysis of Metallic Solutions containing only the more ordinary metals 
without the use of Hydrogen Sulphide or Ammonimn Sulphide (Zettnow, Pogg. Ann. 
exxx. 324). — 1. Load, si Ivor, and mercurosum are precipitated by hye^roch/on'c 
acidf and the chlorides are separated in the usual way. 

2. The filtrate is treated with sulphuric acid^ which throws down load, calcium 
(in part), strontium, and bari um. Calcium sulphate is extracted from the precipitate 
by water ; the small quantity of lead sulphate may be dissolv'cd out by ammonium 
tartrate; and the strontium and barium sulphates may be separated by known 
methods. 

3. One-fourth of the liquid filtered from the precipitated sulphates is treated with 


barium hydrate^ the liquid boiled, and the vapour tested for ammonia; on 
precipitating the excess of barium by ammonium carbonate, then evaporating the 
filtered solution, and calcining, a residue is obtained confining the fixed alkalis. 

4, The remaining portion of the liquid filtered from the sulphates is treated with 
eino in a flask fitted with a gas-delivery-tube, drawn out at the end, and the evolved 
hyilrogon is tested for arsenic and antimony. The zinc at the same time 
precipitates tin, antimony, mercury, copper, cadmium, and bismuth [also 
gold, platinum, and the allied metals], in the metallic state; this precipitation is 
much facilitated by placing a piece of platinum foil in contact with the zinc. The 
precipitated metals, after being washed, are treated with nitric acid, which dissolves 


thorn all, except tin and antimony, which are converted into stannic and antimonic 
acids [and gold, platinum, &c., which remain in the metallic state]. One portion of 
the resulting solution is tested for mercury with stannous chloride ; the rest is boiled 
with soda; and the resulting precipitate is treated, after washing, with ammonia and 
sal-ammoniac, which dissolves copper and cadmium, and leaves bismuth in the state 
of hydrate. The ammoniacal filtrate contains copper and cadmium, wlfich are easily 
recognised, the former by potassium ferrocyanide, the latter by causti6 soda. 

6. The solution containing the motals not precipitated by zinc i» oxidised with 
nitric acid. Iron may then be recognised by treating one portion of the liquid with 
potassium sulphocyanute. Another portion is neutralised by ammonia, and shaken up 
with barium carbonate^ which precipitates chromium and aluminium as hydrates: 
the precipitate is boiled with soda, a small quantity of potassium permanganate being 
add^ to oxidise the chromic hydrate ; and the iiltered solution is examined for 
chromic acid and alumina in the usual way. (If the liquid contains phosphoric or 
boric acid, ferric chloride is added before precipitating with barium carbonate.) 

6. The solution filtered from the barium carbonate is treated with sulphuric acid to 
remove dissolved barium, tlion treated with ammonium carbonate^ whicn precipitates 
manganese, toother with any remaining portion of lime; the filtrate still retains 
magnesium, nickel, and cobalt. The magnesium is precipitated by sodium 
phosphate ; the filtrate is evaporated to dryness ; the residue dissolved in hydro* 
chloric add ; the cobalt precipitated by potassium nitrite and acetic acid ; and the 
nickel from the filtrate by soda. 

7. To search for zinc, tlie solution separated from the chlorides and sulphates 
(1, 2) is boiled with caustic soda ; the filtrate is treated with ammonium chloriw an^ 
carbonate as long ^ ammonia continues to escape ; and the liquid again filtered Is 
examined for zinc with potassium ferrocyanide. 
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J. Thomson {ZeUtckr. anal, Chem. vi. 188) recommends the following method for 
the qualitative separation of the metals which are not precipitatodby hydrogen 
sulphide from solution in hydrochloric acid (iron, aluminium, chromium, sine, nickeh 
coimlt, tnanganese, barium, strontium, calcium, and magnesium). The solution, 
containing excess of hydiwhloric acid, and heated with nitric acid or jxjtassium 
chlorate, is first mixed with dilute sulphuric acid, which sopiiratos barium and 
strontium as sulphates. The filtrate, mixed with a large quantity of sodium acetiite, 
yields, on addition of sodium phosphate (containing free acetic acid) in the cold, a 
precipitate containing nothing but ferric and aluminic phosphates. From the filtrate, 
hydrogen sulphide throws down the zinc, and after approximate saturation with 
swium carbonate, also the cobalt and nickel. The solution, again filtered, is boiled 
with sodium hypochlorite, Whereby manganeao dioxide is pnfcipitjiteil (together with 
lime and magnesia), while chromic acit! roniaiiis dissolvcsl. The precipitated 
manganese dioxide is freed from lime and magnesia by dilute acetic acid. 

Influence of Fixed Organic Substances on the Precipitation of Metallic OxuUs from 
Saline Solutions by Alkalis. — The following results have been obtained by H. (li*othe 
{J.pr. Chem. xcil. 175): — 1. The alterations prixlucod in the reactions of diftoront 
metallic solutions with alkalis by the presence of fi.vod organic bodies exhibit groat 
diversities, scarcely any two metallic bodies being similarly aifee.ted, so that these 
alterations do not afford properties characteristic of groups of metallic oxides, but 
rather of individual oxides. — 2. Of non-volatile organic substances, citric acid acts 
most strongly in modifying these reactions ; then follows tartaric acid ; then sugar, 
starch, and gum, which, however, act but feebly, and ro<iuiro to bo added in largo 
excess. — 3. The precipibiting action of ammonia is diminished by these bodies much 
more than tliat of sodium carbonate. — 4. Solutions which are not precipitjited in 
presence of fixed organic bodies by alkaline h^'dratos or carbonates are for the most 
part pnicipitated by alkaline orthophospliates, pyrophosphates, arsenates, and borates. 
— 6. Sodium orthophosphate may bo used as a migont in nearly all cases in which 
tlio precipitation of a metallic oxide is hindered by the presence of non- volatile 
organic substances. 

The table on the following page exhibits the reactions of the more important 
metallic salts with ammonia, and with carbonate, borate, phosphate, pyrophosphate, 
arsenate, and borate of sodium, in presence of tarhiric acid, citric acid, and sugar: 

* p.' denotes perfect precipitation; ‘ i.* imperfect precipitation; a dash, no precipi- 
tation. 

AVAXYSZS. nrOJtOAJTXC, BY 7XA.MB BBA-CTZOITS. (Bunsen, Ann, 
C%. Pharni. cxxxviii. 257; Phil. Mag. [4] xxxii. 81.) — Almost all the reactions which 
can bo performed by means of the blowpipe may be accomplished with far greater 
ease and precision in the flame of the non-luminous gas-lamp. This flame, moreover, 
possesses several peculiarities which render it available fc^r reactions by wliich the 
smallest traces of many substances occurring mixed together can be detected with 
certainty when the blowpipe and even still more delicate methods fail. 

I. Thk Strxjctubb of the Non-luminous Gas-flams. 

The gas-lamp with non-luminous flame used for these reactions is represented in 
fig. 1, and must be made, exactly to scale, 3^ times as large as the drawing. 
It must be furnished with a cap at a for closing and opening the draught-holes, so as 
U) regulate tlio supply of air for every dimension of the flame. The conical chimney 
d d d d (fig. 2) must also be made of such a sixe that the flame bums TOrfsctly 
steady. Fig. 2 repreeonts this flame of half its natural size. It is composed of the 
following thm chief divisions : — A. The dark cone, a a a, containing the cold unbnmt 
^ mixed with about 62 per cent, of atmospheric air. B. The flame-mantle, ae a 6, 
formed of the burning coal-gas mixed with air. C, The Iwninoue point, aba, not 
seen when the lamp is burning with Uie draught-holes open, but obtained of the sizs 
retired for the reactions by closing these holes up to a certain point. 

six points in the flame are used in the reactions : — 

of the flame lies at « ; its temperature is comparatively very low. as her* 
TO burning gas is cooled by the upward current of cold air, and much heat ifl 
abs«H>od by the cold end of the metal tube. If mixtures of flame-eolouring substances 
ere held in this part of the flame, it is often possible to vaporise the most rc^atils 
eoi^^ient, and thus in the first few momente to obtain tinte which cannot be observed 
at hij^er ^peratuxee, because they then become masked by eolomm pxodiioe 4 by the 
votatiiisatiou 01 Um lematiiing snbstaiiees* 
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Table of Pncipitatian referred to on p. 126, 


Nickel salts 


Cobaltoua salts 


Uranic salts 



Ferrous salts 


Ferric salts 


Cupric salts 


Cadmium salts 


Lead salts 


Bismuth salts 


Chromic salts 
(green solution) 

Cluomic salts 
(violet solution) 


( Tartaric acid 
Citric acid . 
Sugar . . 

{ Tartaric acid 
Citric acid , 
Sugar , , 

( Tartaric acid 
Citric acid , 
Sugar . . 

( Tartaric acid 
Citric acid . 
Sugar * * 

[ Tartaric acid 

(Sugar • . 

( Tartaric acid 
Citric acid • 
Sugar • • 

Tartaric acid 
Citric acid . 
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2. The eone of fusion lies at somewhat above the first third of the fiame in height, 
and midway between the inner and outer limits of the mantle at the point where the 
fiame is thickest. This is the point in the flame whi<di possesses the highest tem- 
perature, and it is therefore used in testing substances as r^ards their melting-point, 
their volatility, their emissive power, as well as for all processes of fhsion at high 
temperatures. 

3. The lower oxidising fiame lies at % in the outer ma^n of the sons of fusion, 
and is especially suitable for the oxidation of substances dissolved in beads of fused 
salts. 

4. The upper oxidising fiame at c is formed by the highest point of the non-luminous 
flame, and acts most powerfully when the draught-holes of the lamp are ^de open. 

Fiq. 2. 


e 



This ^me is i^ted for the oxidation of lasger portions of substance, for toasting oflT 
volatile oxidation-products, and general^ for all those cases of oxidation in whi^ an 
excessivelv high temperature is not nee^^ 

6. The loi^ reducing fiame Ues at 3, on the interior edgaof the mantle next to the 
centml sone. As the reducing gases at this point are mixed with nnbunit 
a^osphene oxy^n, many substances remain here unaltered which become deo xidised 
^ w upper ^ucibg fiame. This point of the flame gives, therefino, 
rw^ions which cannot be obtained with the blowpipe. It is espedally 
reductions on charcoal, and in beads of fhsed salts.*^ ^ espemany 

dark ^***^5^ ^ formed by the lummons point n, prodneed over tha 

admission of mr is lessened by tlie gradual closing of tha 
huninons point is made took^ it wiu\e fyupdi 
eold water and haldtLie beeomee eovered^th afilm cif lam^ 
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II. Method of Ejcaminatioh in the tabious parts op thb Elaub. 


A. Behaviour of the ElemonU at High Tempe/raturea . — This is one of the most im- 
portant reactions which can be employed for the detection and separation of substances. 
The possibilitv of producing, with the flame of the lamp alone, a temperature as high 
as or higher than that of the blowpipe, depends upon the condition that the radiating 
surfaw of the heated body be made as small as possible. The arrangement ^ 
bringing the substances into the flame must therefore be on a very small scale. The 
platinum wire upon which the substance is heated must scarcely exceed the thiplrnAsg 
of a horsoluiir, and one decimetre in length of the wire must not weigh more than 
£034 grm. It is impossible to obtain the results hereafter detailed if a thicker wire 
than this is employed. Substances which act upon platinum, or which will not adhere 
to the moistened surface of the metal, are hold in the flame upon a thin thread of 
asbestos, of which a hundred may be obtained from one splinter of the mineral. 
These threads must not exceed in thickness one-fourth of that of an ordinary lucifer- 
match. Decrepibiting substances are ground to the finest powder on a porcelain plate 
with an elastic knife-blade, and drawn up on to a moistened strip of one square 
centimetre of filter-paper. If the paper is then burnt, being held with the platinum 
forceps, or, better, between two rings of fine platinum wire, the sample remains as a 
coherent crust, which now may without difficulty be heated in the flame. 

If the Bubstanco requires to be heated in the flame for a long time, the holder 
(fig. 3) is used. The arm a is fastened to the carrier A, so fixed on the stand by a 
soring (as seen at B) that it can be moved both horizontally and vertically. The 
ass tube (fig. 4) is hold on this arm a, and the fine platinum wire fused on to the 
be ^us held in the flame. Tlie splinters of asbestos are stuck into the glass tube 
which slips into the holder, and may then be moved with the carrier A. The carrier 
carries a spring-clamp for holding test-tubes which have to bo heated for a con- 
dcrablo time in a particular part of the flame. The little turntable C contains nine 
>right supports to hold tlio wire tubes (fig. 4) employed in the experiments. By 
cans of these arrangements a particle of the subsbinco under examination is brought 
to the flame, and its behaviour in tlie coldest and hottest parts of the flame is 
icortainod, the substance being examined with a lens after each change of tom- 
jrature. 

The following six different temperatures can he obtained in the flame, and these 
>int8 may be judged of by observing the tints attained by the thin platinum 
ire : — 


1. Below a red heat. 2. Commencing red heat. 3, Red heat. 4, Commencing 
hito heat, h. White heat. 6. Strong white heat. 

It is scarcely necessary to remark that these different temperatures must not be 
scertained by the glow of the .subsUinccs themselves, as the luminosity of different 
odics depends not only upon the temperature, but also mainly upon their specific 
owor of omission. ^ 


The following phenomena are observed when a sample of a substance is heated : 

1. Emission oj The emissive power of substances is ascertained by placing 

hem on the platinum wire in the hottest part of the flame. The sample is of weak 
missive power wlion it is less luminous than the platinum wire/of a mean emissive 
lower wlien both appear about equally luminous, and of strong e^pTssive power when 
he intensity of the light which it emits is greater than that from the platinum. Most 
©lid bodies emit a white light, others (as, for instance, erbia) coloured light 
^me bothes, such as many osmium, carbon, and molybdenum compounds, volatilise 
^ separate out finely divided solid matter, which renders the flame luminous. 
31^68 and vapou^ always exhibit a smaller power of emission than fused substances, 
ind these generally less than solid bodies. The form of the substance under examina- 
tion must always bo noted, as the emissive power depends upon the nature of the 
mrface; thus compact alumina, obtained by slowly heating the hydrate, possesses 
mly a moderate emissive power, whereas the porous oxide prepared by quick umitibll 
)f the sulphate possesses a high power of emission ^ ^ ** 

fating points determined by using the six different temperatures alnady 
mcr^e of temperature the bead is examined with the lens & 
iw whether the volume is docked or increased, whether bubbles are given off on 
tnelting, whether, on ooolmg, the bead is transparent, and what changes of ooknir 
onders^s during the action of the heat or on afterwards cooling ^ 

8. volaiim is ascertained by allowing equally heavy b^ of the sabsteM 
placed on a platinum wire, to evaporate in the sooe of fusion^ and observing the 
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ty means of a metatjnome, which the bead takes to volatilise. The point at which the 
whole of the substance is converted into vapour can be ascertained with great accuracy, 
often to a fraction of a second, by the sudden disappeaniuce of the coloration of the 
flame. The platinum wire upon which the substance is weighed is protected from the 
moisture of ^e air by insertion in a tube. If wo know the weight of the tube and 
wire, the right weight of substance win easily bo attached, either by volatilising a 
portion or by fusing some more substance on to the bead, and thus making it lighter or 
heavier. Ihe experiments are best made with one centigramme of substance. The 
position in the flame where the highest constant toraperuturo exists can be found 


Fia. 3. 



moving a fine platinum unre, flxed on a stand and bent at its point at a nght angle, 
slowly about the zone of fusion, and noting the point where it glows most intensely. The 
beads to be volatilised are then most carefully brought into the flame at the same 
distance from the point of this wire. Cere must also be taken that the dimensions of 
the flame do not undergo change from alterations in the pressure of the gae whilst the 
experiments are going on. As a measure of volatilitj, it is convenient to take the 
time needed to evapotate one centigramme of sodinm-ehloride. If we call this ti 
f*, and the time of volatilisation of the same weight of another subertance I 
volatility of this substance, compared with that of common salt, ia 

<• 

<1- gl- 


The fonowuig examples are taken ibmi eacperinwiits of Dr. HntUiff, to wklch OfO 
added the dUondes of desiiiiB and ntlndliim 
^«p. K 
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Sodium chloride . 

Time of oraporation 
. . . 84-25 

VolatlUi^F 

1*000 

Sodium sulphate 


1267 0 

0-066 

Lithium carbonate 

• « * 

736*5 

#124 

Potassium sulphate . 

• » • 

665-2 

Pl27 

ScKlium carbonate 


632 0 

0*133 

Potassium carbonate . 


272 0 

0 310 

Lithium chloride 


1140 

0-739 

Potassium chloride 


65-4 

1-288 

Sodium chloride . 


48-8 

1-727 

P<jt{issium bromide , 


41-0 

2*055 

Knbiclium chloride 


38'6 

2-183 

Sodium iodide 


35-7 

2*360 

Caesium chloride 


31-3 

2-717 

Potassium iodide 


29-8 

2-828 


It must not be 1Vn‘gotton that the relations of these numbers are altered if the 
temperature of evaporation and the weight of the substance are changed. 

4. Flame Coloration . — Many substances which volatilise in the flame may bo 
defected by the peculiar kinds of light which their glowing gases emit. These 
colorations appear in the upy)er oxidising flame when the substance causing them is 
placed in the upper reducing flame. Mixtures of various flame-colouring substances 
are tested in the lowest and coldest part of the flame; and here it is oft/cn possible to 
obtain for a few moments the peculiar luminosity of the most volatile of the substances 
unaccompanied by that of the less volatile constituents. 

B. Oxidation and lieduction of Substances . — In order to recognise substances by the 
phenomena exhibited in their oxidation and reduction, and to obtain them in a fit 
state for further examination, the following methods are employed : — 

1 . . Reduction in glass tubes is especially employed for the detection of mercury, and 
for the separation of sulphur, selenium, phospln^rus, &c., when in combination with 
Bcxlmm or magnesium. A stock of very thin glass tubes is prepared, each 2 to 4 
millims. in width and a centime, in length: forty of these are easily made out of one 
ordinary-sized test-tube, by softening- the glass before the blowpipe, and then drawing 
it out until the requisite size of tube is obtained. This long tube is then cut up with 
a diamond into pieces 6 to 8 contims. long, each of which is again divided into two 
over the lamp, and the ch)sed ends are neatly rounded. The sample having been finely 
powdered witli a knife-blade on a porcelain plate, is treated in a tube either by itself, 
or with a mixture of carbon and soda, or with sodium or magnesium. A piece of 
magnesium wire a few millims. in length is for this pur]^e 'pushed down into the 
powdered sample contjiined in the glass tube ; and the sodium iS carefully freed from 
rock-oil and rolled out between the fingeiu to a small cylinder, which is then 
surrounded by the powdered substance. The best forai of carbon is the soot from 
Uirpentine, which has boon deposited upon the outside of a basin filled with cold 
water. As soon as the small tube containing the perfectly dry sample has been 
heated to the point of fusion of the glass, when generally an ignition inside the tube 
is noticed, it is allowed to ct>ol and then placed upon the porcelain plifte, covered with 
a piece of paper, and crushed to powder with the knife, for tho/purpose of further 
examining the pitxlucts of reduction. 

2. Reduction on Splinters of Charcoal . — In this way the metal can be obtained in 
small globxiles, or as a porous mass, from quantities often loss than a milligramme of 
the sample. 

A transparent crystal of sodium carbonate is brought near to the outside of the 
flame, and a common wooden lucifer-match is rubbed over two-thirds of its length 
with tlie drops of fused salt. If the match is then turned upon its axis through l^e 
flame, the carbonised wootl becomes surrounded with a crust of solid sodium car&nate, 
which, on heating in the zone of fusiim, melts and is absorbed by the carbon. A 
splinter of charcoal is thus obtained, which is prevented from burning by its glase 
of soda. A mixture of the substance is then made with the knife upon the hand with 
one drop of the melted soda-crystal, and a portion of this, of the size of a mustard- 
seed. is placed upon the point of the splinter. As soon as this has been melted in the 
lower oxidising flame, it is passed through a part of the dark interior zone to the 
hotter portion of the lower reducing flame. The point at which the reduction occurs 
is easily seen by the violent effervescence of the soda ; and this is after a time stopped 
by brining the splinter into the dark zone. In order to isolate the roduced metal, the 
and of the splinter is broken off and rubbed up with a few drops of water in a smaU 
agate mortar, when the metallic particles are generally visible without rerao'val of tllil 
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earbon. For further examination, the carbon and soda can be easily remored by 
several careful washings, and the particles transferred to a small piece of curved glass 
cutout from 4 ^ old flask,* in which they are again washed by decantation, the last 
dropw of waii^ removed by suction with a piece of filter-paper, and the metallic 
pvrticleB drira at a moderate heat. A few tenths of a milligramme of the metal is 
generally sufficient to yield a solution with wliich nil the characteristic precipitations 
can be accomplished, the reagents being contained in capillary glass threads, dropped 
into the solution by the milligrfimmo, and the effect thus produced ascertainea by 
examination with a lens. Iron, cobalt, and nickel, which do not fuse to globules on 
the splinter, are withdrawn from tijo ap^to mortar by means of the point of a magnetised 
Idade, washed with water, and dried high above the flame on the point of the knife. 
If the blade be then tightly drawn between the upper part of tlio thumb and the lower 
])art of the first finger, and if the point of the blade be then approached to the 
metallic particles on the finger, they jump from the hand to the blade, forming a 
brush-like bundle which cim be conveniently examincnl by the lens, and by touching 
with a melteil borax-bead can be t ninsforrod in suitable quantities. The portion of 
metal remaining on the knife is rubbed on to a small piece of filter-paper, a drop of 
acid added, and the paper warmoil over the flume s ) as to allow the motal to dissolve; 
this solution can then ho further oxaminiMl with various reagents. 

3. Films ujnm Porcelain.~li\\oii(^ volatile elements which are reduced by carbon and 
hydrogen can be deposited from their compounds as films on porcelain either in the 
elementary state or as oxides. Such films can be very easily converted into iodides, 
sulphides, and other compounds, and thus may bo made to servo us most valualde 
atuj characteristic teste. The films are composed in the centre of a thicker layer, 
w'hich groflually b6c<)mos thinner on all sides until the merest tinge is reached; it is 
therefore necessary to distinguish between ‘ thick ’ and ‘ thin ’ parts of the films. 
Jlotli exhibit in their variation of thickness all the tints of colour characteristic of the 
substance under different circumstances of division. One-tonth up to one milligramme 
is in many cases sufficient for these reactions. Many surpass Marsh's arsenic tost in 
delicacy and certainty, and approach in this respect the spectrum-analytical methods. 

The following films can be obtnineil : — 

a. Metallic Jtlms are preparotl by holding in one hand a particle of the substance on 
an asbostos-throad in the upper reducing fiamo, which must not bo too large, whilst 
with the f)thcr hand a glazed porcelain basin, 1 to 2 decimetres in diameter, filled 
with cold water, is held close above the asbestos-thread in the upper reducing flame. 
The metals separate out as dead black or brilliantly black films of varying thickness. 
Even load, tin, carlmium, and zinc yield in this way films of reduced metal which by 
mere inspection cannot be distinguished from the soot separated out on the porcelain 
by a smoky fiame. Sy lhe^s of a glass rod, those films can bo touched with a drop 
of diluto nitric acid containing about 20 per cent, of real acid ; and the various degrees 
of solubility of the films serves as a distinguishing cliaractorislic. 

b. Oxide films are obtained by holding the porcelain basin filled with water in tha 
Mjtper oxidising fiame ^ the rest of the operation being the same as in the production of 
the mebillic films. If only a very itnall quantity of the sample can bo employed, care 
must be taken to lesson the size of the flame, in order that the volatile products may 
not bo spread over too large a surface of porcelain. 

The film of oxide is examined as follows : a. The colour of the thick lipd thin film 
observed. — fi. The reducing action or otherwise of a drop of stannous 
chlorido is noted. — y. If no reduction occurs, caustic soda is added to the stannous 
cljloride until the precipitated hydrate redissolves, and then it is to be observed 
whether a reduction occurs. — 5. A drop 6f perfectly neutral silver nitrate is rubbed 
over the film with a glass rod, and a current of ammoniacal air is blown over the * 
surface from a small wash-botUe containing ammonia solution, and having the moutii- 
tube dipping under the liquid and the exit-tube cut off close below the cork. If a 
precipitate is formed, the cohrar is observed, and the solubility or alteration, if any, 
noticed which occurs when the current of alkaline air is continued, or when a drop of 
ammonia liquor is added. 

r. are obtained ffom the oxide films by breathing on the latter upoh 

the <^ld basin, which is then placed upon a wide-monthod well-stoppered 
^ntaining fuming hydriodic acid and phosphorous acid derived from the gr«<!^l 
oel^ue^nce of phosphorous iodide. Wiien the mixture no longer fumes, owing to 
»t»o^ion of moisture, it is easy to render it again Aiming by adding a iTttHe 
phosphoric acid Other films, often containing both i^ides oi a metal, 
wia therefore fir^uently less regular in colour and appeamnee, may be eaefiy obtaitied 

o Wsteii glsiSM rnnsh toe iwidfiv to t« used tor ssph 
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by amoking the oxide film with allame of alcohol containing iodide in solution, placed 
upon a bundle of asbeatos-throads and held under the basin. If any iodine be 
condensed on the T):isin with the hydriodic acid, it can eiisily be removed by gentle 
warming and blowing. ‘ , 

The examination of the film is conducted as follows; a. The solubility of the film 
is examined simply by breathing upon it when the basin is cooled ; the colour then 
either changes or entirely disappoars, the film being dissolved in the moisture of the 
breath. If the basin bo gently wai-mcd, or if it be blown upon for some distance, the 
film again becomes visible by the evaiwration of the moisture in the current of air. — 
jS. The ammonia compound of the iodide is formed by blowing ammoniacal air upon 
it and noticing whether the colour of the thick and thin films alters quickly, slowly, 
or not at all. The different colours reappear at once if the basin be held for a few 
TOomonts over an open bottle containing fuming hydrochloric acid. — 7. The iodide 
films generally give the same reactions as the oxide films with silver nitrate and 
ammonia, with st.anno\is chloride, and with caustic soda. 

d. The sulphide Jihn. is most e;isily obtained from the iodide film by blowing uppn 
it a current of air saturated witli ammonium sulphide, and removing the excess of 
sulphide by gently warming the porcelain. It is advisable to breathe on the film 
from time to time whilst tlui current of sulphuretted air is being blown on the basin. 
The experiments to bo rnado with this film are; a. The solubility or insolubility 
in water is ascertained by breathing on it, or by adding a drop of water. The 
sulphides often possess the same colour as the iodide films ; they may, however, 
generally bo distinguished by their insolubility on breathing. — i8. The solubility of 
the sulphide in ammonium sulphide is ascertained by blowing or dropping, 

4. Films on Test-tubes . — Under certain circumstances it is advisable not to collect 
the film on porcelain, but upon the outside of a large test-tube ; this method is 
especially used when it is needed to collect larger quantities of the reduction film for 
the purposes of further examination- The fine asbestos-thread with the sample of 
mibstance is hold on the glass tube before the lamp so that it is placed at the height 
of the middle of the upper reducing flame, and the test-tube fixed so that the lowest 

S int is just above the end of the asbestos-thread. If the lamp be now pushed under 
a test-tube, the substance and the asbestos-thread are in the reducing flame. By 
Seating this operation the film can bo obtained of any wished-for thickness ; some 
of marble are in this (uiso placed in the test-tube, to prevent the water from 
IBeing tlirown out of the tube by percussive bf>iling. 


III. The Reactions of the Elements. 

The elements, which can easily be recognised by their flame reactions, are arranged 
in the following groups and subgroups according to their behaviour in the reducing 
and oxidising flames *■ 

A. Elements reducible to metal and deposited in films ; 

1. Films scarcely soluble in cold dilute nitric acid — tellurium, selenium, 
antimony, arsenic. 

2. Films slowly and difficultly soluble in cold dilute nitric 'acid — bismuth, 

mercury, thallium. f 

8. Films instivntly soluble in cold dilute nitric acid — cadmium, zinc, indium. 

B. Elements reducible to the m^^Hic State, giving no film : 

1. Not fusible to a metallic b^d. 

a. Magnetic— iron, nickel, cobalt. 

h. Non-raagnetic— palladium, platinum, rhodium, iridium. 

2. Fusible to metallic beads — copper, tin, silver, gold. 

C. Elements most easily separated and recognisi as compounds — tungsten, 
titanium, tantalum and niobium, silicon, chromium, vanadium, manganese, uranium, 
sulphur, phosphorus. 

In the sp^al descriptions of the flame-reactions, the following abbreviations will 
be us^: Fl. c., flame-coloration; VI., volatilisation; R. f., reduction-film; M. f., 
metallic-film ; O. f., oxide-film ; I. f., iodide-film ; S. f., sulphur film : Ch. sp., 
charcoal splinter with soda. 

1. TeUurmmo^pounds . — FL c.: In the upper reducing flame pale blue, whilst 
the 'ipper oxidising flame appears green. VI. unaccompanied by any smell. R. f. 
bla(^, winnest part blackish brown, dead or bright; heated with concentrated 
Bulphuno acid ^ives splendid carmine-red colour. 0. f. white, invisible or nearly so ; 
e^rmuB chlonde colours it black from reduce^l tellurium; silver nitrate, after 
blowing with ammoniacal air, yellowish-white. I. f. blackish-biown, thinnest part 
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brown ; disappears momentarily on breathing on it^bnt not when slightly warmed ; 
reappears on exposure to hydrochloric acid ; blackened by stannous diloride. S. f. 
blackish-brown to black ; does not disappear by breathing ; soluble in sulphuretted 
air ; reappears on warming or by dry blowing. Ch. sp. yields a sodium-telliiride, 
which, when moistened, leaves a black mark on a silver coin ; and if the sample 
contains much tellurium, gives off a smell of tellurotted hydrogen when moistened 
with hydrochloric acid, 

2. Selmium compounds. — FI, c. the bright blue of the corn-flower. VI, bums, 
giving off the peculiar putrid smell of selenium. R. f. brick-red to cherry-rod, 
sometimes dead, sometimes bright ; heated with strong sulphuric* acid, gives an 
oUvo-green solution. O. f, white; on addition of stannous chloride, brick-red ftom 
liberated selenium ; the red colour becomes darker on addition of caustic froda ; 
eilvor-iiitrate gives a white not eiisily visible coloration, which disappears in a 
current of ammoniacal air. I. f. brown, contiiins some reduced selenium, and hence 
cannot be completely removes! either by blowing with ammoniacal air or by brejvthing, 
S. f. yellow to orange-red, insoluble in water, soluble in ammonium-sulphide. As 
the sulphide is prepared from the iodide, it also contains free selenium, and dpos not 
give very clear reactions. Ch, sp. gives sodium-selenide, producing a black mark on 
a silver coin when moistened, and giving rise, if the quantity be not too small, when 
t^)ucbcd with hydrochloric acid, to red selenium and a smell of seleniurettod hydrogen, 

3. Antimony compounds, — FI. c. by treatment in the upper retiucing flame, pale 
green, unaccompanied by smell. VI. black, sometimes doj^id, sometimes bright. 
O. f, white; moistened with perfectly neutral silver- nitrate solution and then blown 
on by ammoniaciil air, it gives a black sptjt which does not disappear in ammonia. 
It is unaltereKl by stannous chloride, either with or without ciiustic soda. I. f, 
oriinge-red, disappearing by brt^thing, and reappearing by blowing or warming; 
blown on with ammoniacal air it disappciirs, but does not return ; generally it gives 
the same reactions as the oxide. 8. f. omnge-red ; the film is diflicult to blow away 
with sulphide of ammonium; returns on blowing with <iir; insoluble in watetv 
Cli. sp. gives no black stain on silver, l>ut yields a white brittle metallic bead. 

4. Arsenic compounds. — Fl. c. in upper reducing flame pale l>hie, giving tlMi» 
known arsenical smell. VI. black, dead or bril Hunt, thin film brown. O. f, whhjiM 
triuchod with perfectly neutral silver-nitrate and then blown with ummonii^w 
air, it gives a canary-yellow precipitate, soluble in ammonia. Together with 
lemon-yellow precipitate, a brick-rod one of silvor-ursciiato occurs when the flUll 
liiis previously been treated with bromine vapour. Stannous chloride With o* 
without soda protluccs no change, I. f. deep yellow ; disappears tviAeiently on 
breathing, permanently in ammoniacal air; reappears unaltered after 
liydrochlonc acid. 8. f. lemon-yellow, disappears easily on blowing 

.sulphide, and reappears on warming or blowing; insoluble in water, aha doe# lio|^ 
disappear on breathing. Ch. sp. yields no motaliic beiid. 

- 5. Bismuth compounds. — Fl. c. bluish, not characteristic. R. fl’- black, dfigd or 
brilliant; thin p>rtion of film brownish black. O. f. light yellow; unaltered by 
Hilver-nitmte with or without ammonia; gives no reaction with stannous chloride, 
yields bbick precipitate of bismuth suboxido on addition of caustic soda. I. f. very 
characteristic, and remarkable for the number of tints which it assumes ; the thick 
part is of a brown or blackish -brown colour, with a shade of lavendor-blue ; the thin 
film varies from flesh-coloured to light pink ; it easily disappears on breathing, and 
a})j>ear8 again on blowing ; in a stream of amm^ia^ air it passes from pink to 
orange, and on blowing or warming it again attwps a chestnnt-brown cofourj it 
resembles the oxido-fiim in its behaviour to stannous chloride and caustic soda, 
8. f. of a bumt-umber colour, the thin parts of a lighter coffee-brown colour ; does 
not disappear on blowing, and is not soluble in ammonium-sulphide. Ch. «p. 
metallic bead, yielding, when rubbed in the mortar, bright shining yellowish splinters 
of metal soluble in nitric acid. The solution gives, with stannous chlori^ and 
caustic soda, black bismuth suboxide. 

6. Mercury compounds. — M. f. mouse-grey, non-coherent, and spreUds over fllS 
whole basin. To obtain small traces of mercury in the reduced state, the sample ia 
mixed with soda and saltpetre and filled into a thin test-tube 5 to 6 millime. widd 
and 10 to 20 millinis. long. This is held by a platinum wire in Uie flame, whilst fha 
of the basin filled with cold water is placed close above the open eUd'nf the 
^ quantity of mercury is considerable, the metal collects in the fona of 

small gU^ules which can be seen with a lens, and coUeeted into laafger dropi W 
the basin with a piece of moistened filter-paper. Ch A 
A- f. obtoined by breathing on the mctallie film and tnen placuig it 
^ntaining moist bzomitie* It first beeomes black and then disappean^ 
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after some time, as merciiric bromide is formed. If the basin be now placed above 
a vessel of faming hydriodic acid, a very characteristic carmine-coloured film of 
mercuric iodide is produced; this is often accomimniod by mercurous iodide; but 
neither of these disappears on breathing, or when blown with ammoniacal air. 
S. f. black, not altorerf by breathing or by blowing with ammonium-sulphide. 
Ch. sp no reaction. 

7. Thallivm compounds. — F. c. bright grass-green. f. black.; thin parts 

coffoo-colourcd. 0. f. colourless ; with stannous chloride and soda, as well as with 
silver-nitrate with or without ammonia, no alteration. I. f. lemon-yellow, does not 
disappear on breathing, or on blowing with ammoniacal air, or on addition of liquid 
ammonia. S.f. formed from the oxide, black, and tlie thin parts bluish-grey; 
insoluble in liquid ammonium-sulphide. Ch. sp. reduced to a white ductile bead, 
which quickly oxidises in the air, and is acted upon by hydrochloric acid with 
difficulty. In addition to the foregoing, there are two mcitals, viz. tin and molybdenum, 
which may be classed under the group A 2. These two metals, however, cannot be 
reduced from all thoir compounds, and the reduction never takes place easily, owing 
to their slight volatility ; so that it will be better to class them under the groups B 2, 
B 1, 6, as they can be best distinguished by the reactions which are characteristic of 
these groups. 

8. Lead comfminda. — FI. c. pale blue. K. f. black, dead or brilliant. 0. f, 
bright yellow-ocliro coloured ; «i(> coloration with stannous chloride and caustic soda, 
or with silver-nitrate or ammonia. I. f. orange- to lemon-yellow, insoluble on 
breathing or on moistening ; disappears on blowing with ammoniacal air, and 
appears again on warming. S. f. brownish-red to black; not altered by blowing or 
moistening with ammonium-sulphide. Ch. sp. grey, very soft ductile metallic bead, 
soon tarnishing, and slowly but completely soluble in nitric acid. 

9. Cadmium compounds. — M. f. black ; the thin parts brown. O. f. brownish- 
black, shading off through brown to a white invisible film of suboxide, which is not 
filtered by stannous chloride either alone or with soda, but gives with silver-nitrate a 
characteristic blackish-blue coloration of reduced metal ; does not alter by ammonia. 
1. f. wnite, not changed by ammonia. S. f. lemon-yellow, insoluble in sulphide 
ammonium. Ch. sp., imperfect reduction to a silver-white ductile bead. 

10. Zinc compounds. — li. f. black, in the thin parts brown. 0. f. white, and 
therefore invisible. To test it, a square centimetre of filter-paper moistened with 
nitric acid is rubbed over the surface and then rolled up on two rings of fine platinum 
wire, 8 millims, in diameter, and burnt. If the paper is burnt in the upper oxidising 
flame at as low a temperature as possible, the nsh forms a small solid mass about a 
square millimetre in area, which can bo ignited without fusion, and becomes yellow 
on gently heating, appearing, however, white on cooling. If this be moistened with 

few milligrammes of a very dilute cobalt solution and ignited, it appears of a 
'beautiful green colour on cooling. I. f. white, not easily recognisable either by 
itself or after blowing with ammoniacal air, S. f. also white, not easily recognised 
with or without blowing with ammonium-sulphide. T7ie reduction of the metal 
cannot be accompliBhcd, owing to the volatility of zinc. 

11. Indium compounds. — FI. c. intense, and pure indigo-colour. f. black, the 
thill parts brown, either dead or brilliant; instantly disappears ir^ presence of nitric 
acid. O. f. yellowish-white, scarcely Visible; gives no reaction with stannous 
chloride and silver Bi)l\ition. I. f. also yellowish-white, not visible either with or 
without ammonia, it' present in small quantities only. S. f. also yellowish-white, 
difficult to see; unaltere*d by ammonium-sulphide. Ch. sp. ; reduction difficult; 
gives silver-white ductile, globules slowly soluble in hydrochloric acid. 

12. Iron compounds. — ('h, sp., no metallic bead or ductile lustrous particles; the 
finely divided metal forms a black brush on the end of the magnetisea knife-blade ; 
this, when rubbed off bn paper and dissolved in a drop of aqua regia, yields a 
yellow spot when warmed over the flame, which, when moisten^ with potassium- 
forrocyanide, gives a dIBep coloration of prussian-blue. The yellow spot moistened 
with caustic soda and then held for a few moments in a vessel with bromine- vapour 
gives, on a second addition of soda, no coloration of a higher oxide. Borax bee^. — 
In the oxidising flame, when hot, yellow to brownish-^; when cold, yellow to 
brownish-yellow ; reducing flame bottJe-grecu. 

13. Nickel compounde.—Ch, sp, ! On pulverising the charcoal the metal is obtained 
in white, lustrous, dxictilo particles, forming a brush on the magnetised blade. The 
metal dissolved in nitric acid on paper gives a green solution, which on moistening 
with soda, exposure to bromine-vapour, and subsequent addition of sbda, ^ves a 
blackish-brown spot of nickel-sesquioxide. The ash of the psiper, flrom which the 
cijceesa of soda has been washed out, can be used for the borax-bead test. 
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Borax head , — Oxidising flame greyish-brown or dirty-violet. Upper reducing 
flame grey from reduced nickel, which often collects to a spongy mass of metal, ren- 
dering the bead colourless. 

14. C<d>alt compounds. — ^By pulverising the charcoal, as with nickel, white ductile 
lustrous metallic particles are obtained, which form a brush on the magnetic blade. 
The metal, ru^ed off on paper, gives a red solution when moistened ndth nitric 
acid ; this yields a green colour on addition of hydrochloric acid and drying, wdiich 
disappears again on moistening. The paper moiste»o<i with soda, brought into 
bromine-vapour and again moistened with soda, yields a blackish-brown spot of 
cobalt-sesquioxide. This reaction is plainly seen with a few tenths of a milligramme 
of metal. The paper c,an also be us^, after washing out the soda and burning, for 
the coloration of the borax bead. 

Borax bead. — In the oxidising flame a bright-blue bead, unaltered in the lower 
rcfhicing flame. The bead when held for some time in the most wworful upper 
reducing flame, becomes colourless, owing to the separation of metallic cobalt : this 
separation takes place more rapidly in presence of platinum-ammonium-chloride, 
w hen an alloy of nickel and platinum is formofl. 

15. Palladium compounds. — In the ujmer oxidising fiame those compounds, heated 
on a fine platinum wire with soda, yield a grey mass roscmbling spongy platinum ; 
this yields on trituration silver-white lustrous particles, the red solution of which 
in nitric acid forms, with a drop of mercuric cyanide, when blown upon by ammoniacal 
air, a white precipitate soluble in excess of ammonia. The solution is coloured blue, 
green, and brown by stannous chloride, according to the qua.ntity of the reagent added. 

16. Platinum compounds yield in the oxidising flame with soda a grey spongy mass, 
giving on trituration white, ductile, lustrous pjirticles. These are insoluble in either 
nitric or hydrochloric acid alone, but dissolve in a mixture of those acids, forming, if 
tile platinum is pure, a ligUt-yollow solution, which is of a darker colour if rhodium, 
iridium, or pall^ium is present. The solution in nitro-muriatic acid gives with 
mercuric cyanide and ammonia, not a white precipitate, but a light-yellow cryatallind: 
precipitate of platinum-ammonium-chlorido. Stannous chloride colours platinum 
compounds yellowish-brown. 

17. Indium compounds are likewise reduced to metal when heated with soda in the 
upper reducing flame, yielding a grey non-lustrous jKiwder, which is not the least 
ductile, and is insoluble even in aqua regia. 

18. Rhodium compounds can be distinguished from those of iridium only by th# 
fact that the metallic powder, insoluble in aqua regia, when fused with hydropotaasie 
sulphate, is partially oxidised, giving a rose-colonred solution. 

19. Osmium compounds give, in the oxidising flame, fumes of volatile osmic acid, 
pjssessing an acrid chlorine-like smell and attacking the eyes powerfully, 

20. Gold compounds. — Traces of gold mixed with largo quantities of matrix, can 
be concentrated and detected only by the old gold-test.** In other cases, however, 
few tenths of a milligramme can be detected by rwluction with soda on a charccjid^ 
splinter. The yellow lustrous ductile globules thus obtained can bo fliittenod 
l.^rgor golden articles ; these do not dissolve in nitric or hydrochloric acid, but are ^ 
pretty efisily dissolved in aqua regia, yielding a light-yellow solution, which, if it is 
abs<,)rbed by a small piece of filter-paper, yiehls the purple of Cassius when moistened 
with stannous chloride. 

21. Silver compounds. — If silver occurs only in traces in slags or complex ores, it 
can only be detected by the well-known method of cupellation.f If, however, the silver 
compound is not mix^ with a very large amount of foreign matter, it can be det€»cted 
in very minute quantities by reduction with soda on the charcoal splinter. The white 
ductile beads dissolve easily on warming in dilute nitric acid, and yield silver-chloride 
with hydrochloric acid, which can then rea^lily be recognised by its behaviour with 
nitric ^id and ammonia. Less than one-tenth of a mUligramme of silver can thus 
be easily detected with certainty. 

22. Copper compounds yield on the charcoal splinter itUh Mda n Iturtmus 

met^lie bead, eimily leoogntsable by its red copperr eolour, and by ilie reaction of ito 
nitric acid solution with potassium ferttx^aniae. With Borax on l^atinum Wire.^ 
Blue bead, not altered to cuprous oxide when heated in the lower reducing floiOe 
a^ne, but on addition of very little tin-salt, forms a reddish-brown bead. If this 
b^l be frequently oxidised and reduced in the flmne, a rubjr-red transparent 1>cad is 
^ M ocenrs most readily when the bead is allowed to oxi^^ Very slowly. 

2% Tin compounds, — On the charcoal splinter the tin compounds l^4iuluy reduced 
to white lostrons ductile uietollie beede. flattened particla|j|l|rasfeii uil to the 

; aj^flattaei^sjFVsMWShiiM^beaxMtefrv.TluBlolU^ , 

T iWo* p. SlSu • 
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cuired glass dissolve slowly in hydrochloric acid ; and the solution, Then absorbed 
by paper, gives a red precipitate with selcnious, and n black precipitate with tellurons 
ficiddi^lved in hydrochloric acid. If to the solution a trace of bismutli-nitrate be added, 
an excess of soda gives a black precipitate of bismuthous oxide. The metal on 
by nitric acid yields a white powder of insoluble stannic acid. A borax beadt containing 
enough copper-oxido to render it faintly blue, serves as a delicate test lio ascertain with 
certSnty file presence of a trace of a tin compound, as the bead placed il^e lower re- 
ducing flame, as explained above, turns reddish-brown, or forms a clear r®y-red glass. 

24. Molybdenum compounds. — On a charcoal splinter with soda molybdenum is 
reduced, though with great difficulty, to a grey powder. In the same way ^om© 
molybdenum compounds give in the upper reducing flame a film on porcelain w^ich 
it is very difficult to obtain. Molybdenum is best detected as follows. The sample, 
finely pulverised with the knife on the porcelain plate, is mixed on the hand with 
soda, obtained in a pisty state by melting a crystal. The mixturo is then transferred 
to a spiral of fine platinum wire and fused in the flame ; the liquid fused mass is then 
knocked off the wire and allowtid to fall upon the plate, when it is digested with two 
or three drops of water, and the clear supernatant liquid absorbed by three or four 
strips of filter-paper a few inillinietros in breadth, o. One of these strips, on moist- 
ening with hydrochloric acid, does not change colour, but on addition of a drop of 
potiissium-ferrocyanido it is coloured reddish-brown. / 8 . If one of the strips be 
gradually moistened with a few raillijp'ammes of stannous chloride, it is coloured blue 
either at once or on gently heating ; if the tint be yellow or light brown, a few drops 
of soda solution must be added by a capillary tube until the blue colour appears. 

7 . A drop of ammonium-sulphide added t<) the third strip produces a brown coloration ; 
and on addition of hydrochloric acid a brown precipitate is formed, the paper, at the 
circuraferonco of the drop, often being coloured blue. b. The yellow phosphate 
precipitale produced by the nitric acid solution of ammonium-molybdate can also 
be readily obtained. The borax bead is not very characteristic; in the oxidising 
flame it is colourless, and in presence of much molybdenum it becomes opaque ; in 
the reducing flame it is dark from reduced molybdenum. 

25. Tungsten compounds, — The reduction of t ungsten can likewise be made on the 
ch.arcoal splinter with soda, but this method is not avg^bible for the detection of the 
metal. The tungsten compounds are therefore best examined in the mode described 
under molybdon\im, by absorbitig the liquid obtained by fusion with soda on some 
strips of filter-paper, a. One strip is moistened with hydrochloric acid ; it remains' 
white, but on heating turns yellow ; moistened with forrocyanido it is unaltered, 

/3. A second strip, touched with stannous chloride, is coloured blue in the cold or on 
heating. 7 . A drop of ammonium-sulphide causes no precipitate cither by ita^lf o:r 
after addition of hydrochloric acid ; the paper becomes, however, blue- or greenishit 
coloured, especially on warming. 

26. Titanium compounds give with microcosmic salt in the oxidising ilame a 

Colt)ui*less bead which turns of a pale amethyatino colour in the reducing flame. On 
addition of ferrous sulphate the assumes in the reducing flame the peculiar 

red” colour of venous blood, whi^ ip the oxidising flam© the light-brown colour 
of ferric oxide can be obtained --Kit ^ensure. The titanium compounds form with 
8 (Kla n bead which at first effervesces, and is colourless and transparent while hot, 
but becomes opaque on cooling. If to the hot bead stannous chloride be added, and if 
it then be heated in the lower reducing flame, a grey muss is forni^, which dissolves 
on heating in hydrochloric acid, yielding a pale-amethystine-coloured solution. 

27 & 28. Tantalum, and l^iobium compoutais exhibit the same reactions as 
titanium. 

^ 29. Silica compounds. — a. Trt'ated with soda in the oxidising flame, the silicates 
dissolve with more or less effervescence. Tli© mass treated whilst hot with stannous 
.:hloride and fused does not yield a trace of blue colour on solution in warm hydro- 
chloric acid ; and the silicates may thus be distinguished from the compounds of 
titanic, tantalic, or iiiobic acids. The blood'-rcd colour obhiined with ferric oxide 
from these acids ^also lilot yielded by silicates. Gelatinous silica separates out when 
the fhaed mass is carofxiliy treated with water and acetic acid on the lamp-plate. 
Fine particles of any silicate yield, on fusion in a bead of microcosmic salt, a mass of . 
gelatinotis silica when fused, which on cooling forms a solid opaque mass swimming in 
the transparent bead. 

30. In the t^iral of plaHmim wire wUh soda the 

chromium ^hen fuswl with repeated additions of nitre, a yellow 

mass, which, ^l^nll^jpulveri Bed on the plate and trailed with water, yields a light- 
yellow solution mra{biting the well-known reactions of chromic acid. 

91 , Vane^iuw, eon'^pounds (n) treateil with nitre and soda in the platinum spiral 
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yield a bright yolk»w mass, the solution of which, on addition of silver nitrate and 
licidillcation with acetic acid, yields a yellow precipitate. The fused mass when 
evaporated with aqua regia gives a yellow instead of a green solution, which becomes 
blue on addition of stannous chloride. If the mass contains much vanadium, the 
Bolutidlli gives a yellowish-brown colour or precipitate on addition of an excess of cold 
concenttated hydrochloric acid. • 

32. Manganae compounds give an amethystine-coloured bead in the olddising, 
and a colourl«®S bead in the reducing flame; with soda and a little nitre, a green 
bead, the green aqueous solution of which turns rcxl on addition of acetic acid, and 
then often becomes colourless, with separation of brown llocculi, 

33. Uranium compounds give in the oxidising flame a yellow bead, which 
becomes green in the reducing flame, especially on addition of stannous chloride. 
Those colours closely resomblo those of the iron compounds, but may easily 
bo distinguishetl, at least if no other colouring metiillic oxide is present, by 
the fact that the uranium bead, when incandescent, emits a bluish-green light 
analogous to that which the uranium ' compouiuls exhibit when fluorescing. Beads 
of lead-oxido, sUinnic oxide, and a few other substances exhibit a similar 
phenomenon when incandescent, but they none of them yield, like the uranium 
compounds, a coloured bead on cooling. Insoluble uranium compounds may bo 
tlecomptjsod by gentle heating on the platinum spiral witli acid potjissium flulphato. 
Oil {X3wdering the molted substance with a few particles of sodium carbonate, absorbing 
the iiiuistoued mass with filter-paper, and addling a drop of pobissium ferrocyanide, 
a brown spot is formed. 

31. Phnsphorus compounds . — The presence of phosphorus may easily be detected, 
even when mixed with large quantities of other substances, as follows : — The sample 
having heen ignited, is nibb^ fine on the porcelain plate, and introduced into a 
small glass tube of the thickness of a straw ; into this tube, which is closed at thd. 
hot tom, a piece of magnesium wire, about one-fourth of an inch in length, is placed So 
that It is covered by the pow<lcr. On lioatliig tJio lube, magnesium-phosphide is 
formed with incandescence. The black contonte of the tube powdered on tlio plate 
give, on moistening with water, the highly characteristic smell of phosphurettod 
hydrogen. A piece of sodiu^ can bo cqiuilly well used if magnesium cannot be 
procured. If it has beep ajrtc^jrtained that the sample does not yield any film on 
iK.n^elaiii in the upper oxidising flame, the iihosphates may bo recognised by heating 
on platinum with borax and a tliin piece of iron wire in the hottest part of the reducing 
flame, when a bright molten bead pf iron-pho.sphido is obtained which can be extracted 
with the magnetised knife on crushing the bead under paper. 

35. Sndphur compoumls give with sodii on the charcoal splinter a fused mass, 
which leaves a black stain when brought on to moistened silver. As selenium 
and telluinum ^vo rise to the same reaction, the absence of these substances must 
flr.^it bo ascertained by seeing that no film of selenium or tellurium is deposited on 
IK.rcelain. In the case of metallic sulphides, and not of sulphates, the simple 
Ignition of the sample in the flame is sufficient to Produce the peculiar smcU of buna* 
ing sulphur. V ^ ^ 

The following examples ere given to illustmfe tKo value of these methods in 
analysis ; — 

1. mixture of the Sxilpkides of Arsenic, Anthnony, and Tin . — If in n mixture of 
tiifse three sulphides containing only traces of antimony and tin, they arc soparatM 
to the ordinary rules of qualitative analysis, by dissolving in alkaline 
Milphtdes and rtiprecipitation with m-ids, the detection of these two inoUls by the 
regular tcHts IS extremely uncertain and tnmblesomo. By the following method, 
low. ver their detection is rondereil easy and certain when the proptjrtion of tin is only 
ti tew thousandths, and that of the antimony only a few hundredths, of the tot5 
Weight ol the mixture. 


Inrec d^igrammes of the sulphides are roastcnl on a curved piece of glass, small 
enough to be altogether surrounded l.y the flame, and tlio residui, weighing only a few 
m:Uigramra<», is 8crape<l together with a knife. The rnoisten^ma^ll eoUented 
on the emi of a threjid of asliestos, and a strong metallic film obtained on the tesUtulm 
ij prevent the deposition of any carbon with the metals^ 

1 would injuriously in the subsequent operations, the upper reducing flame i# 
i» « luminous point is only just 'idsible. The film is next di»»oJvf4 

w ^ nitwc acid, and the solution is evaporated 

n 1 blowing, so as to obtain the s<^id re04ua a spaco 

»« L - I ^ neutral silver solution is now brought on tdSHBSSiie nt the 

b£^lf beeom^i«lid ; and oh blowing with 
lack stain is formed, whilst the reaction of areome is also gefi^by notS^ ^iti 
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TahU of VbUttue Elements which 



Metallic film. 

Oxido-filtn, 

Oxide-film 
' with siiuinous 
chloride. 

Oxide-film with 
stannous chlo- 
ride and soda. 

Oxide-film with 
silver-nitrate and 
ammonia. 

Te 

Black ; thin 
part brown. 

White. 

Black. 

Black. 

Yellowish whi^e. 

Se 

Cherry -red ; 
thin part 
brick-rod. 

White. 

Brick-red. 

Black. 

White. 

Sb 

Black ; thin 
part brown. 

White. 

White. 

White. 

Blflck ; insoluble 
in ammonia. 

As 

Black ; thin 
part brown. 

White, 

White. 

White, 

Lemon -yellow or 
reddish brown ; 
soluble in am- 
monia. 

Bi 

Black ; thin 
part brown. 

Yellowish 

white. 

White. 

Black. 

White. 

Hg 

Grey non-co- 
horont thin 
film. 





T1 

' Black ; thin 
part browm. 

White. 

White. 

White. 

White. 

Pb 

Black ; thin 
part brown. 

YoUow-oclire 

colour. 

White. 

1 

1 

1 

White. 

White. 

Cd 

Black ; thin 
part brown. 

Blackish 
brown ; thin 
part white. 

White. 

White. 

Wliite; in the thin 
parts turns bluish 
black. 

Zn 

Block; thin 
part brown. 

■■ 

White. 

White. 

White. 

White. 

Sn 

Black; thin 
part brown. 

Yellowish 

white. 

White. 

White. 

White, 













flame JtBiOT 


can he redneed as Films, 


Iodide-film. 

Iodide-film 
with ammonia. 

Sulphide-film. 

Sulphide-film 
with ammo- 
nium-sulphide. 

Brown ; dii|i^i|)ears 
for a Ume on 
breathing. 

Disappears 
altogether 
on blowing. 

Black to 
blackish 
brown. 

Disappears 
for a time. 

Brown ; does not 
wholly disappear 
on breathing. 

Does not dis- 
appear on 
blowing. 

Yellow to 
orange. 

Orange, and 
then disap- 
pears for a 
time. 

Orange-red to yel- 
low ; disappears 
on breathing. 

Disappears 
altogether 
on blowing. 

Orange, 

Disappears 
for a time. 


Orango-yellow ; dis- Disappears 
appears for a time altogether 

on breathing. on blowingi 


Lemon-co- 

loured, 


Does not 
disappear. 


Elotnents whose 
reduction- fUms 
are scarcely dis- 
solved in dilate 
nitric acid. 


Bluish-brown ; thin ^ 

parts pink ; isap- 5 

pears for a time on 
Loathing. 


does not disappear 
on breathing. 


on blowing. 


Burnt - um- 
ber - colour 
to coffee- 
coloured. 


.arm me - coiourea 
and lemon-yellow ; 

- for a time 


Does not 
disappear. 


Does not 
disappear. 


Elements whose 
reduction -films 
are with difil^ 
culty dissolved 
in dilute nitric 
acid. 


Lomon-yellow; does Does not dis- Black; thin 
not disappear on appea r on parts bluish 
breathing, blowing. grey. 


Does not 
“disappear. 


Orange - yellow to 

Imon-colour; doe, Brownish red 

not dimppoar on . f *1™® to black, 

breathing. blowing. 


Does not 
disappear. 


White. 

Lemon- 

ooloured. 

Does not 
disappear; 

White. 

WhitSb 

Does not 
disaj^peer. 

Yellowish 

white. 

White. 

1 

Doss not 
[ disappear. . 


Elements whoss 
redaction- films 
ere instantly^ 
dissolved in di- 
lute nitric acid. 
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lASBS. 


the roasted sulphides are tueed 
glS^inted with cupric oxide. If the 
» it assumes a ruby-red colour from 
“ j large a quantity, the bead can 

■» - Tl- - ^-P +V.A 


order to detect tin, a few scarcely nMble W 
on a borax bead which ^ 
bead is now brwJght into the lower redoan* 

x^ced.cu J.lde Ifth^ox.^^^ 

be obtain^ Z Ktoiffinl|i«-the lower reducing dame of the 

Z-Cmfnous?^ ^ i" the ^nary Mowpipe-flame the cupne ox.de .a reduced 

to cuprous oiddewithdftt the delenium. Antimony, Lead' Gold, and 

2. on noting, the metallic 

jSidpAar.— Affer the su^hu o placed inside a wider and shorter tube 

dim IS obtain^ oil a sulnhuric acid, so that the metallic dim is 

r,5SS‘by®^e^rd If the tempoltnre be now gradual^rmsed, the present of 
ascertained by tL formation of a bright’ carame-colour. If the 
^pm-her raised. 

‘®SitoX bl^k p^iipit^to of tellurium, but is coloured 

Tf this substance is present in small traces only, it can ho best detect^ 

-down 

detected e^ctly ^^Jhiter^tho beads of the alloy are woshed into a 

nitric acid 4s long as anything ^ t two of water. The solution 

and tested with stannous chloride. 


AJr/LlbTSZB OF OASSS. 


Williamson a. Russell {Chem, Soc, J.\2\ ii. 238) 
. a. r»«0-ona1vaia (y. 274^. m whlCll 


ra OF O-ASISS. wiiiianiauu ». ivtxoox.xa ^ 


5 from 


Sriginil method. The transference of the £S betwren fffility and 

Sty^kag^whlh^^^^^ 

"With the complicjitiou t>f the laboratory-Uibo. ^^is nppara ^ P , form of it is 

The form of the well in which these tubes are raised or lowered ®P . ^ ^ * 

it is 2i inches long, U broad. The well for the pressure-tube is U inches deep 
roensuiwifrora the bottom of tbo trough, and that for the ^u’ 

TWO ^ sh^n in fig. 6, a and f. T1^ sides of the trough a^ inches high. The 

smaller part of the trough which is without the glass cylinder is shown in g. * 
Alonff the bottom of this part there is a channel | inch wide, which rans into the 
The depth of this channel starting from the^ end of the ^ ^ ^bB 

gradually incroasea till it reaches the well where it is U ^ A B 

&ar part, of the trough is 3| inches in diameter, and total UnghU^^ 

6| inches. The above dimensions are all inside moasuremente. The thickness oi wp» 

•^^S^^re^ni^-tlTs l^ply.a straight piece of tubing of .boot the «im. diamd«: 



ns tKe eudiometer. .Fig. 7 The J^lass cylinder is 

omiUod for the sake of (dearness, hu%j^e damp ii^teaded to hold 

it is shown in the figu^ ^ ' %'S* * 

The liquid reagent is intiH)dn<ied^||to tlBi |g i^ bymeans^qf s^small syringe^ 

roiuiily mode from a piece of lon^, |U|d^ inch internal 

diiimctor ; one end of it is bent rcAidd so as to giye^k die fan^^^j^look, and drown 
out ; into the other end a piston fits, made from a of stc^m^ilril^e, one end of it 
being roughened orascrew turned on it; and roand*this (sotton^w^t is ^htly wrappkl 


Fto. 6. 


Fio. 7. 



till It just fits the tubs. In order to hare a measure of the quantity of liquid to Ixi 
^tpwuced into the eudiometer, it is oonyenient to make fire or m inanrs on the 
weight end of the syringe with a file, a quarter of an indi apart Whan^tha Uqttid 




i4g 

of gai in the eudiometer. For thiy^unw, H ,i# to find some body which, 

can absorb a certain omouot of SfwpM not ea^ m with it when introduced 
intf> the eudiometer, or abstract witludrSWlt. Wet cotton wool is found 

to have the reqUired prop^ties. It*^^ w used In thiil, way : a piece of steel wire, size 
No. 9 or 10, has oHO end bent into a wool is twisted tightly 

round it ; this mass of wool should,, be in' diamotor and 5 inch long. It 

is placed in a basin of water, and thorbughly kneaded and squeezed for some time ; 
this treatment vets the vhble 'mass of cotton wool and expels all the air adhering 
-to it. 

This, hall of cotton on the steel wire might of course b4 introduced into the eudio- 
meter in the same way as llunsen introduces his solid reagents ; but it is found much 
>. more convenient, especially whore it is important to have the ' mCreury-trough small, 
4i3bO use what may bo cjilled a guide-tube. Tliis is merely a piece of fine glass tubing 
"" about 8 or 9 inches in length, and bent into a ciir\'e at Ojyie end. The . steel wire is 
mtnKluced at this end and pulled through till the cotton ball prevents its going 
^ further. jSeid in this way the ball is easily itktroduced or withdrawn from the 
eudioiUBitSft and that without dipping the fingers into the mercury. The ball being 
. now held m the tube and thoroughly saturated with water, is lifted from the basin 
and plutoiCil^ow the surface of the mercury in the trough; it is then squeezed 
belW^U Iil4-fiugcr and thumb, so as to expel a considerable portion of water, but still 
to leave^t Irery wet. The guide tube is ikjw intrtKlucixl into the canal », fig. .1, of the 
troqgh, and pushed down it scf that the curvcxl end with tlie ball comes within the 
tali' cylinder. In order to introduce the hull into the eudiometer, the eudiometer 
is raised so that the open end of it is a lit tie above the well in the trough ; a mark on 
^the cylinder, or on one of the supports, will indicate the point to which the U)p of the 
eudiometer must be raised in order that the open end of it may beifln the right 
■ position. When it is thus raised, it is easy to hook the cotton ball projikcting from 
the guide-tube intx) the eudiometer; then on pushing the wire, the ball rises in the 
^ tube and is completely under control. It is well to apply a ve^ little grease to the 
wire, and if by any chance it should become bent, it must of course be discarded. To 
withdraw the reagent, the eudiometer is raised and the cotton ball introduced os above 
chiscribed’^^ it is pushed up till the top of it comas in contact with th© |feagent, which 
is then quickly taken un by the cotton wool and the meniscus loft freer from liquid. 
The, ball is now pulled oelow the surface of the mercury : this should bo done with a 
jerk, to prevent any gas atlhering to it, and withdrawn from the trough. Tlie other 
manipulations with this apporfitus are the same ns with that of Williamson and 
flussell, described in vol. i. p. 274. 

Russell has also describe* a method of accurately determining, by means of the 
apparatus just described, the ^lumo of gas given on in any chemical reaction, and 
consequently of applying such measurements to various cases of quantitative analysis, 
such as the analysis of carbonates, the valuation of manganese peroxide and cerUiin 
other oxides, by treatment with a mixture of sulphuric and oxalic aci^, &c. 

The measuring tube used in those determinations is about 29 inches long, and 
rather more than three-quarters of an inch in internal diamstdl'r It is bent tit right 
angles near the upper end, which is left open, and connected by k caoutchouc tube 
with a small flask, into which the reacting substances are introduced.'' ^he connection 
between the tube and the fitvsk ctm bo closod at plotisure by pressingdihe flexible tube 
with a spring cltimp. The difference between the volume of air in the tube and flask 
before and after the retiction, gives, after proper correction, the" quantity of gas 
produced. For details of manipulation wo must refer to the original memoir (Chem, 
&>c. J. [2] vi. 310). 

Another apparatus for quanlitotive analysis by measuromont of tho gases evolved 
in reactions, * Gos-volumotrisehe Analyse,’ chiefly in agricultural and techno-<Aomical 
investigations, is described by Fr. Schulze iZeit&yhv',, anal, CJiefn, ii. 289; Jahresb. 
1863, p. 661). 

Apparatus for measuring tho gasos absorbed in water, and given off on mixing 
with alcohol and hojvting, aro doscribe<i by Bobierre {Compt, rend, Ivi. 313; and 
Robinet, Ann, Ch. Phys, [3] Ixviii. 177 ; Jahresh, 1863, p. 663). 

' ikiarAXTSZS, OmOAirZC. Clooz {Ann, Ch. BAys. [3] Ixviii. 394) describes 
an apparatus for the analysis of organic bodies, differing from that in general us© 
chiefly by the substitution of iron combustion-tubes for those of glass. The iron 
tube, I 13 metre long and 0*020 to 0*222 in diameter, is lined throughout with a layer 
of oxide by heating it to redness and passing steam through it, and is laid in a 
tonaoe of such a length that about 0 2 metre of the tube projects at each end. Iji 
TOO middle part of the tube is placed granulated cupric oxide, kept in its place by 
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copper foil; and into ^aclT andh ls tray of iron plate,* 

attached to a wire for drand&g; $t at tl^ antenor end, which le 0-2 

metre long, serines for the re^^puo|i of taKjiMiimitan tO the nature of 

the body to be analysed ; thus, wr aifotisecT^bafti^^^^ is filled with metallic copper ; 
for BubsUnces containing chloid)^^0»*«ulph^^ udUi lead chroutate; for dijhcultLy 
combustible substances, with cupjde chridej* diljpeiised with. The 

posterior tray, 0 3 metre long, is filled to three^fourths with cupric, oxide or lead 
chromate. The tube thus fitted lip is heated to redu^S f^iWow' stream of dry air is 
passed through it so as completely to desiccate ite contents ; and tl^ cupric oxide im 
tlie hinder tray Tafter coolmg, either in the tube itself, or in a separate arrang^ientj 
is quickly mixed in an iron aipsule with the substiiiico to be analysed. The iVont > 
end of the tube is ^noxt connected by corks with the apparatus for ^sorbing.lpUir^;,. 
and carbonic acid; the tray containing the substance is put into its' place, 
combustion is completed Jis usual, a slow stream of air, previously vdw 

utmost care from water and carbonic acid, being passed through the tubs dlt|dng i|ts ' 
whole of the combustion. The end of the combustion is aBeertaiued;:.l;^^^b^parillg^. 
the numbers of air-lnibblcs which enter and leuvo the potash-bulh^^l^^^n Sams , 
apparatus, with a pirticular arrangement for passing carbonic acid tubci.. ' ' 

may Hor\^e also for the estimation of nitrj)gen. 

A method of orgiinic analysis founded on gas-moasurementa, and 4 
originally employed by Oay-Ivussjic and Thonard (i. 226), is describedrbjy'^ 

(Zeit.<ichr. a>ial. Chem. v. 289 ; Bull. Boc. Chim. [2] viii. 268). The 
(weighing at most 0 010 to 0‘012 grm.), mixed w'ith a known weight c 
chlorate, is burnt at a low red heat in a vacuous combustion- tube, and tti 
prmiucts of Jj^e combustion are transferred to a eudiometer and analysed, the 
vt»lumo being drat measured, and the carbon dioxide then determined by abiOVp^nu 
The carbon dioxide occupies the same volume as the os^gen contained in' it j' 
cnnsoqueiitly after .^he combustion of carbohydrates (OHV'O"*) with potassium 
chlorate the volume; of oxygen in the eudiometer corresponds exactly to the 
oxygen contained in the chlorate ; if the measured volume of gas is laiger than 
this, the organic substance must have contained a quantity of oxygen than 

that required burn the hydrogen contained in it; if smaller, the substance analysed 
must be richer in hydrcigen than a carbohydrate. ' 

Ljuionburg (.ifwn. Ch. Pharm cxxxv. 1) has described a method of oiganic antUysis 
in which, as in the method of Gay-Lussac and Th6nard, the carbon is bstimatod 
diri!ctly by the quantity of carbon dioxide produce^l, and the total quantity of oxygen 
consumed in the combustion is likewise dctormined| so that the difference between 
this and the quantity roquiretl for the combustion of „the carbon gives the quanti^ 
which has combined with hydrogen, whence also the fimount.of the hydrogen iiseff 
may bo calculated. Tbe oxidising agent Is a mixture of ijdate with strong 

sulphuric acid. This mixture, when heated alone, even to 300^, does not give on 
either itxline 6r oxygen ; but when it is heated in contact with an oiganic substance, 
carlxui dioxide* auBtt .WAf®*’ are formed by reduction of the iodic acid, whilst the 
hydriodic acid formed at the same time, together with free iodine, reacts on the iodio 
acid, iieccs^rily present in laige excess as silver salt, in such a mannner as 
pHKluce iodine and water (without formation of sulphurous acid) ; 

IHO* + 6HI » 3P + 3U*0. 


The process is as follows : — The substance to be analysed is weighed in a small glass 
bulb, which is introduced, together with concentrated sulphuric acid and a known 
quantity (excesn) of silver ifxlate, into a strong glass tul>©, which is drawn out and 
sealed. The bulb having been broken by a slight blow, the tube is heated for an 
hour or two in an air-bath to 170°-200®, and weighed aAor cooling. The tube is 
then r}pened by heating its apex to redness, and the carbon dioxide resulting from 
the reason is completely removed by wanning the tube to 60® at most, then 
exhausting with % syringe, and pissing a stream of dry air through it. On again 
weighing th© tube the loss of weight gives the amount of carbon dioxide. The tube 
la then cut into small pieces, and the contents, having been carefully rinsed out, ave 
digested with water in a closed fiask, till the bla^sh colour of the precipitate 
(arising from a little free iodine) has passed into a yellowish-white* The mixture 
• iodide and iodate, having been thoroughly washed by repeated decantation 

with water, is dissolved in potassium iodide, and the liberated iodine is detennined 
voIuxnetricaUy in the dilute liquid by means of sulphurous acid, starch, mkI normal 
solution of iodine, after the wash-water of Uie silver salt diluted with sul^unnig 
wid (and containing a little iodic acid) has been added to it. From the quantity of 
loctiue thus determined, the weight of silver iodate still present is eaknlatod, 
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thenee also the amount which has teen r^ucod ; and this finally pros the quantity 
of oiygen which has been consumed in the oxidation <*f the substance. LasUy, the 


equation 


BA >= s JD ^ ^ 


in which /f denotes the weight of substsDce burned, D the oxygen consumed, &ndj 
the airhon dioxide produced, gives the quantity A of the hydrogen. 

a Q, Wheeler {SUL Am. J [2] xli. 3S) Me described a process for the 
eimultaneoua determination of nitrogen, carbon, and hydrogen, consisting 
essentially of a combination of the process of ultimate analysis in a current of 
oxygen with Maxwell Simpson’s method of estimating nitrogen (i. 243). Tlio 
W)mbustion-tube, from 2 to 2^ feet long, is filled with the following substances : — 
i. A mixture of potassium chlorate and cupric oxide. — 2. A layer of pure cupric 
oxide. — 3* A mixture of cupric oxide with an exactly weighed quantity (about 0’5 grm.) 
of pure lead oxalate.— 4. Pure cupric oxide. — 5. The mixture of the organic 
pubstance with cupric oxide. — 6. Pure cupric oxide. — 7. Mohillic copper. The 
combustion-tube is connected in the u.sual manner with a calcium chloride tube and a 
polish apparatus (terminating in a tube which contains solid potash), and the latter 
with a Bunsen’s mercurial gasometer (ii. 808). The process is commenced by heating 
the potassium chlorate before connecting the apparatus with the gasometer, so as to 
the air by oxygon ; the oxygon is then expelled by heating the load oxiilato, 
tnlich evolves carbon dioxide, and then the nuitallic copper is heated, tlie gas- 
delivoiy tube being at the same time counected with the gasometer. The conibnstion 
is. then carried on in the usual way, and when it is completed, oxygen is again 
evolved by heating the rest of tho potassium chlorate. The nitrogen in the gaseous 
mixture collected in tho giisomcter is then determined eudiometriciUly. The quantity 
of carbon dioxide evolved from tho lead oxalate is of course deducted from the 
weight of the potash apparatus after combustion. A series of experiments made 
with all sorts of nitrogen compounds for tho purpose of testing this process gave 
Very exact results. 


Baumhauor (Archives n^erlandaiscs, i. 179; Zcitschr. anal. Chem. v. 141) has 
perfect^* the apparatus formerly described by him (i. 239) for the simultaneous 
determination of carbon, hydrogen, and oxygon, as follows ; — A combustion-tube 
70 to 80 centim. long and open at both ends is fillotl with tlie following substances, 
boginnifig from* the anterior extremity: 1. A layer of copper- turnings 20 c^ontim. 
long. — 2. A layer 20 contim. long of fragments of porcelain previously washed witli 
hydrocliloric acid and ignited. — 3. A layer 25 contim. long of strongly ignited coarse- 
grained cupric oxide (between plugs of asbestos). — 4. The substance to be analysed, 
contained in a boat of porcelain or platinum, or, in tho case of volatile sub.stances, in a 
glass bulb, which is pushed into tho tube by hieans of a ghiss rod, to within 6 centim. 
of the cupric oxide ; difficultly combustible substances are previously mixed in the boat 
with the cupric oxide, — 5. At a distance of 6 or 7 centim. behind the substance is 
placed a second boat, containing a weighed quantity (a few grms.) of silver iodate. 
The posterior end of tho combustion-tube (containing tho silver iodate) cora- 
nuinicates — by moans of a tube containing ignited copper-turnings, a U-tube filled with 
pumice-stone soaked in sulphuric acid, and a sec-tuid U-tube coutatniug calcium 
chloride and soila-limo — with two gasometers, one containing pure nitregen, the other 
hydrogen. Before attaching the apparatus for absorbingtho water aftd, carbon dioxide, 
the anterior part of tho tube containing the copper-turnings is heated, and a slow 
stream of hytlrogen is passed through it, till tho surface of the metal is completely- 
deoxidised. The hydrogen is then displaced by nitrogen, and the part of, the tube 
containing tho porcelain boat and tho cupric oxide is heated in a continuous slow 
Stream of the gas, the calcium chloride tube and the potash apparatus being at the 
same time attjichod. When tho whole apparatus is filled with nitrogen, and the 
potash-ley is also saturated with that gas, the absorption apparatus are detached 
and weighed, then again attached, and the substance is carefully heated, the stream 
of gas being continually kept up. As soon as tho organic substance is completely 
burned, or at le^t completoly carbonised, the silver iodato is gradually heated, whereby 
the still remaining carbon is burncil, and the copper reduced from the cupric oxide is 
reoxidised, the excess of oxygon being retained by tho copper-turnings. After the 
complete decomposition of the silver iodate, the stream of nitrogen is kept up for some 
time, and tlien the absorption apparatus are weighed. In the next place, still without 
interrupting the stream of nitrogen, tho copper-turnings alone are heated to redness 
Jtho fire being removed from the other parts of the tube), and when the cupric oxide 
IB quite cold, a weighed calcium chloride tube is attached, and a stream of hydrogen 
ia passed through the apparatus. The excess of oxygon of tho silver iodate, which 
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had been taken up by Uie copper-turnings, is theifeby converted into water (b), and the 
weight of this water ^res the quantity of oxygen contained in the silver iodate beyond 
that which was required for the complete combustion of the organic substance. If 
the boat be now removed from the combustion-tube, the latter is ready for another 
analysis. 

As an axample of the calculation and of the degree of exactness attained, we may 
take an analysis of oxalic acid. 

Sitbstancee used: Oxalic acid 0A32 grm. ; silver iodate V256 grm. (yielding oa 
the average 16 92 per cent, oxygen), therefor© 1’25 grm. yielding 0 2126 grm. 


Quantities obtained. 


Carbon dioxide 0*443 containing C 01 208 and O 0*3222 


Water (a) 0090 

Water (h) 01495 

„ H 0*010 „ 

0 0*0800 

0 0*1330 

06362 


Deduct for 0 from lAgO* 

Kemains for O from the oxalic acid 
Hence in 100 parts 

• • 

0*2125 

03227 


Carbon. 

Hydrogen. 

Oxygen. 

Total. 


Found . . . 26-73 

2 21 

71*39 

100*83 

Calculated C^H^O^ 26*66 

2*23 

71*11 

100*00 



For the simultaneous determination of nitrogen, there is attached to 
apparatus a tube a, open above and below, and divided into centimetres: this if 
connectod by a strong caoutchouc tube with a second glass tube b, of as nearlv as 
jx).ssible the same dimensions. On pouring mercury through the latter, it is possiblSi 
by raising or depressing b, to bring the mercury in the tube into any required position. 
The whole being prepared for the analysis as in the former case, the tube a is Con- 
nected with the potash apparatus, after it has been raised to such a height that a to 
completely filled with mercury. The supply of nitrogen gas is then cut off, an^ the 
tube b is depressed so far that the mercury in it stands about 200 mm. lowsr tlian in 
a ; the whole is then left to cool, and the height of the mercury is observed, as iniU as 
the pressure and temperature. The mercury is then brought to the same in a 
and b, and this level is road off. The combustion is now carried on in the manner 
above described, excepting that no nitrogen is passed through the tube, and, when 
the evolution of nitrogen from the substance has ceased, the apparatus is left to fool, 
the lieight of the mercury is read off, and in this way the amount of nitrogen is 
ascertained. The gas apparatus are then removed, and the combustion is terminated, 
as above described, by heating the silver iodate. Baumhauor recommends, however, 
that the nitrogen shall when possible bo determined in a separate portion of the 
substance. • 

For Maumen^’s method of determining the oxygen in organic compounds, see 
ZcUschr. anal. Chem. i. 487. 

According to Wanklyn] a. Frank (Phil. Mag. [4] xx\t. 664), organic substancee 
when ignited in a stream of hydrogen give up part (if not the whole) of their oxygen 
in the form of water, a reaction which afford a means of detecting the presence of 
oxygen in organic compounds. 

A. Mitscherlich (Pogg. Ann. exxx. 536 ; Zeitschr. anal, Chem. vi. 136) lias devised a 
new method of organic analysis, which serves, amongst other purposes, for the direct 
estimation of oxygen. Two forms of process are employed, the combustion being 
made in a current of chlorine, or of oxygen, acconling to the elements to be 
determined. 

1. When any organic substance is heated to redness in an atmosphere of chlorine 
free from oxygen, the hydrogen is wholly converted into hydrf>chloric acid, and may 
be estimated in that form, while the oxygen of the organic body unites with ita 
carbon, or with charcoal added thereto, forming monoxide and dioxide of carbon, from 
the weight of which the oxygen in the organic substance may be calculated. 

The combustion is performed in a porcelain tube 0'6 met. long and 9 mm. in 
internal diameter, half filled with charcoal. If the substance to be analjved ie not 
volatile below 160®, it is enclosed in a glass tube open at both ends and introduced 
into the jiorcelaia tube; if volatile below 150®, it is placed in a g^aee appazatoe of 
peculiar construction. Gaseous substances are enclosed in a graduated jar immened in . 
water, and are passed into the combustion-tube by a tube attached laterally to that 
which convey e Vhe chlorine. 

Sup, 


Jj 
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t- r^aRsed into absorption-bulbs of peculiar 

The gwee produced by the ^ ^he hydrochloric acid resulting from the 

construrtion,Wled ‘ Mitscherhch e b^ hy a concentrated solution of lead nitnvte, 

combmtion of the free chlorine The carbon dioxide rs 

S-*" ‘ * 

nitrogen, ^odv or its product of decomposition, is burnt in a current 

attached a tube, filled half ^JLjen is 0011 ™^^^^ the 

iJrfSf tJi6r^i?’intu'.''.ft"r hZefroJ tr„m the excc rf oiyge. by yussirg thwugb 

Sr 

“I'n a eubeequent communication (Deutsohf Chem. ^cMafi u 45; 

/rr ^w,, roi Y ‘ 478 'i IVIitficlierlich describes a Biniplincd mot , y , . , 

?^fchiokeT"uSeTOo^^^^ 

chlorine when heated With o^nic bodies. T>orcelain tube filled with a 

Tr r. 

still remaining in the tube are driven into the “I’®?’"''' ® v ^^ighed 

nitrogen ; the whole is left to cool ; and the absorption „,„™n is 

The porcelain tube is then again heated to redness, and ® “^^on 

passed through it, whereby the remainder of the carlwn is carbon 

dioxide, which is absorbed in the same apparatus. .To a'oid any 1 ^ ot ra 
arising from the formation of a solid “'‘’y, 

containing cupric oxide is introduced into the porcelain tube, a „™^„tplv 
chlorinated body are passed over this oxide, which burns the car on P ' .-ii:. 

Finally, there remains in the combustion-tube a mixture of , ’ fregi, 

platinmn, and potassium chloride ; and the tube may be rendered fit for a fresh 

•"t'?a.S'‘K=“ S ■S.T-J.TAIIm ab, ,h. .ja a a. ~ 

described in connection with the earlier form of the process, by the aid o 

of nitrogen. /ijr;/ T'ls.y**** 

Eitimaiion o/ A’ifroffCB.— Frankland found some years (iArf. rr<^. 

cxlvii. 68) that in ^timating nitrogen by Ihiraas’ method, a 

nitrogen sometimes passes off as nitrogen dioxide, even when a J 

»f metallic copper is placed in the anterior part of the combust ion -tube, so that it 
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becomes necessary to estimate the Tohime of the dioxide by means of solution of 
ferrous sulphate, and to deduct half its volume from the observed amount of the 
mixed gases. But from experiments recently made by W. Thorp {Ckeni, Soc, [2] 
iv, S59) in Frankland^s laboratory, it appears that when the metallic copper is heated 
to bright redness, and the gaseous products of combustion are passed orer it at a 
moderate rate, the whole of the nitregen is evolved in the free state / whereas if the 
copper is heated only to dall redness, or if the gases pass over it too quickly, part of 
the nitrogen will escape as dioxide. The presence of a largo quantity of aqueous 
vapour appears to interfere with the complete reduction of tlio oxides of nitrogen, so 
that in the analysis of azotised btxlies conbiining much hydrogen, part of the 
nitrogen may escape reduction, even under conditions otherwise tho most favourable ; 
but the proportion of tho nitrogen which thus escapes reduction does not exceed 
3‘76 p. c. ; and in an actual analysis, even if tho substance burned contained 20 p. c. 
of nitrogen, the error would be only 0*75 p. c., which would not very materially 
affect the results. 

As tho metallic copper used in the analysis of azotised bodies becomes oxidised 
when the combustion is porformo<l in n stream of oxygon, Stein recommends the 
use of silver in place of it, that metal having also tho advantjvgo of retaining any 
chlorine that the organic substance may contain. Itceent experiments by K. Calborla 
liavo shown tliat the silver completely reduces tho nitrogen dioxide to free nitrogen, 
and does not exert tho slightest decomposing action on carbon dioxide {Bxdl. 8oc. 
Chim. [2] X. 382). 

J. T. Brown {^Chem. Soc. J. [2] iil. 211) has given a table to facilitate the 
calculation of the results of nitrogen determinations by Dumas^ method. It gives 

tho values of tho fraction . values of T from 0® to 30®, 

(1 + 0*00367T)760 

tho numerator being tho weight of a cubic centimetre of nitrogen at 0° and 760®. 
For example, to find the weight of 63 c.c. nitrogen at 16°, and under a pressure of 
743 3 mm., we should have 

0 00000166665 x 63 x 743‘3 = 0*061718 grra. 


Table for the calcidation of ‘ 

(4 + 0*003C7T)7CO 


T 


T 


0® 

000000166289 

16® 

0 000001 561 21 

1 

164686 

17 

155582 

2 

164085 

18 

155047 

3 

163489 

19 

164515 

4 

1G2898 

20 

163986 

5 

162311 

21 

153462 

6 

161728 

22 

152941 

7 

101149 

23 

152423 

8 

160574 

24 

151909 

9 

160004 

25 

161308 

10 

169438 

26 

350891 

11 

158876 

27 

160387 

12 

158317 

28 

149887 

13 

157762 

29 

149389 

14 

167211 

80 

148896 

15 

166665 




For the estimation of nitrogen in substances (manures, for example) of which at 
least 25 to 30 grms. may bo uscxl, Ch. M^ne {Zeitechr. anal, Ckem. vi. 461) uses an 
earthen retort filed with lumps of potassium hydrate, and provided with a safety- 
tube. The substance, moistened with strong soda-ley, is introduced into the retort in 
the form of small pellets, and the retort is heated to low redness, beginning at the 
upper part. The ammonia must be collected in hydrochloric acid and weighed as 
ammonium plati nochloride, inasmuch as the empyreumatic products would interfere 
with the volumetric estimation. 

Respecting Schloosing’s method of determining the nitron of organic compounds 
in the same operation with the carbon and oxygen, see ZeUichr. anal, Chsm, tu. 26d ; 
Jahresb, 1867, p. 869. 

1,2 
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Anaivsis of Compounds containing Chlorine or ^rowinc.—Gorup-Besanee 
(ZeitscAr anal. CAem. L 438) finds that in the combustion of brominated organic 
impounds by the ordinary method, the quantity of earbdn may come out considerahly 
too low (as much as 10 p. c.). This result he attributes to the formation of a fusible 
copper bromide, which envelops portions of unburnt carbon and protects them from 
oxidation. To ensure the perfect combustion of the carbon in such bodies, he 
recommends the following process. At the posterior end of the combustion-tube, 
which is drawn out to a long bayonet-point, is placed a layer of cupric oxide 
3 inches long; then an asbestos plug; next follows a porcelain boat containing a 
mixture of the organic substance with ignited lead oxide, and separated by a second 
asbestos plug from the granulated cupric oxide with which the rest of the tube is 
nearly filled, the anterior extremity being however occupied as usual by a layer of 
load chromate or copper-turnings. The anterior portions of cupric oxide are heated 
first, then the posterior portions ; afterwards heat is applied very gradually and 
carefully to the boat ; and when the dry distillation is finished the combustion is 
completed in a stream of oxygon, care being taken not to heat the boat too strongly or 
to continue the stream of oxygen too long, as otherwise bromide of copper (or of 
lead) may be carried over into tlio calcium chloride tube. 

Kraut (TkUschr. anal. Chem. ii. 242) recommends that, in the analysis of organic 
compounds containing chlorine, bromine, or iodine, by means of cupric oxide 
and oxygen, a roll of silver leaf 6 inches long should bo placed in front of the 
metallic copper. The silver will retain the whole of the chlorine, bromine, or iodine, 
even when oxygen is passed over it, and may bo used many times before its surface 
requires to be renewed by reduction in a stream of hydrogen. 

Por the detection of iodine, bromine, or chlorine in organic compounds, 
Erlenmoyer {Zeitschr. Ch. Pharm. 1864, p. 638) decomposes a small quantity of the 
compound in a test-tube, the bottom of which is heated to low redness ; the presence 
of either of those elements may then bo recognised by the colour and reaction of its 
vapour. Liquid compounds may he conveniently examined for these elements by 
introducing a few drops of the liquid into the long nock of a glass bulb ; on gently 
warming the bulb, and holding it with its neck directed downwaids, the liquid is 
driven out, and may be directed on to the heated portion of the test-tube, where it 
will be decomposed. 

Tor the estimation of chlorine (simultaneously with curbon and hydrogen), 

C. M. Warren (Sill, Am. J. [2] xlii. 156) j>laces in the anterior part of the 
combustion- tube n mixture of cupric oxide (precipitated and ignited) with asbestos, 
to moderate the rapidity of the combustion. To prevent the volatilisation of cupric 
chloride, the part of the tube where this mixture is placed is heated to only 250°, in 
an air-bath of iron plate. When the combustion is completed, the cupric oxide is 
dissolved in dilute nitric acid, and the chlorine precipitated with silver nitrate. 

In organic compounds containing a considerable proportion of hydrogen, the 
amount of chlorine, bromine, or iodine, may, according to Garius {Ann, Ch, Pharm, 
cxxxvi. 129), ho very exactly determined by heating the compound with nitric acid 
and silver nitrate in a sealed tube (i. 247), in the manner described below in the 
case of sulphur compounds ; but the chlorine compounds of the aromatic bodies, 
chlorobenzene for example, are but slowly and incompletely decomposed by this 
treatment. An exact estimation of chlorine in such compounds may however be 
obtained by heating them to about 200° with a mixture of potassium dichromatc, 
silver nitrate, and nitric acid. The silver chromate usually mixed with the resulting 
silver chloride may bo removed by diluting the contents of the tube with a 
considerable quantity of water and digesting with alcohol. In iodine compounds the 
resulting iodic acid must he reduced by^ sulphurous acid. 

Estimation of Sulphur and Phosphorus. — Carius (loc. cit,') in 1860 described 
a method of estimating sulphur in organic compounds by heating them in sealed 
tubes with nitric acid (i. 247). This method ho has now modified (Ann. Ch. Pharm. 
cxxxvi. 129) by using, instead of pure nitric acid (which often renders it necessary 
to evaj^rate the liquid after neutnilisation with sodium carbonate, and fuse the 
residue^ a mixture of nitric acid with potassium dichromate, in such proportion 
thiit the chromate — wliich, in oxidising the oi^nic substance, forms pottissium 
nitrate and chromic nitrate — shall be present only in slight excess. Krom 3 to 4 
pts. nitric acid of sp. gr. 1'4 are sufficient for every 1 pt. of the required potassium 
chromate. The mode of conducting the process is as follows. From 016 to 0 40 
grm. of the organic substance .is sealed up tc^ethcr with the smallest possible quan- 
tity of air in a small gloss bulb, the two ends of which are about a millimetre wide, 
T©iy thin in the glass, and bent sideways. The bulb thus prepared is introduced into 
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a tube of glass, 10 to 12 millim. wide, roundly sealed at one end, and about half filled 

w/tli the mixture of nitric acid and potassium chromaU, The glass tube is then 
drawn out at the upper end to a thick-walled capillary tube ; the liquid is heated 
to the boiling point ; and when all the air is expoll^ the capillary tube ia sealed. 
After cooling, it is shaken till the ends of the bulb are so far brtiken as to form at 
each end an aperture about a mi 1 1 ini. wide, by which the acid liquid can eiisily enter 
into the tube. The glass tube is tlien introduced into an iron tube, which is closed 
at one end, laid in an inclined position in an iron bojc serving as an air-bath, and 
heated therein by a gas-flame to 120°-140®. To open the tube at the end of the 
operation, it is left to cool complctel}’ ; the liquid collected near tJie point is driven 
back by careful heating ; and the extreme jwiiit is heatwl to redness, whereupon the 
gases escape quietly. The tube is then cut off below tlio narrow part, and tlie liquid 
containing all the iion-gaseous products of the reaction is collected. 

The resulting blue-green liquid is dilute<l with H or 10 volumes of water, and heated 
for an hour with 5 to 10 c.c. alcohol to reduce the chromic acid, after which the sulphuric 
acid ia precipitated by barium chloride. 

R. Otto (ZeitscAr. f, Cheni. [2] iii. 604) estimates sulphur in organic compounds 
by combustion with precipitated cupric chromate. The fore part of the tube must 
not be too strongly heated ; the combustion should be made slowly ; and the tube 
must bo wide enough to prevent the cupric chromate from being driven out of it by 
the escaping gases. When the combustion is finisluKl, the contents of the tube are 
digested with hydrochloric acid mixed with alcohol to reduce the chromic acid ; the 
liquid is filtered ; and the sulphuric acid contained in it is precipitated by barium 
chloride. 

For the estimation of phosphorus in comjxjunds which, like oxide of triothyl- 
phosphino, are not completely oxidised by nitric acid alone, Carius (toe. cU.) heats the 
subsUinco to 180°, with a slight excess (about 1th more than is reqiiired for cromploto 
oxidation) of silver iodate and pure hydrogen sulphate (abi>ut 2 vol. to 1 vol. of the 
i<Kiate). The contents of the tube are then diffused through cold wjiter; the filtrate 
i.s heated with a little sulphurous acid ; and in the liquid, again filtered and 
evaporated, the phosphoric acid is precipitated in the ordinary way as ammonio- 
magnesian phosphate. 

Salts of Organic Acids. — For the analysis of the potassium, so<linm, and 
barium salts of organic acids, the following prrjccss is recom mended by ( Moe/. (Hull. 
Son. Chim. [2] i. 2*00). A known weight of the salt is mixed with at least 3 pts. of 
recently ignited tungsiic oxide* and the mixture is biinied in a tared porcelain boat, 
by means of the previously described apparatus of Cloez for org.anic analysis with 
cupric oxide and a stream of air (p. 142j, In this manner the carbon and hydrogen 
arc determined as usual, and the increase in weight of the porcelain boat after the 
combustion gives at the same time the quantity of the base (as oxide). Trial oxpori- 
inerits made with sodium acetate, potassium tartrate, and barium myristato yielded 
fairly accurate results. 

For the more exact determination of the carbon in tbo alkaline salts of organic 
acids, C. Schaller (Bull. Soc. Chim. [2] ii. 93) mixes the salt with an equal weiglit of 
silica, and then with cupric oxide. Antimonic oxide was long ago recommended for 
tlie same purpose by Dumas a. Piria. Schaller estimates the nmcjunt of alkali in tho 
salts of organic acids by igniting tho salt with half its weight of silica, aad weighing 
the residual alkaline silicate. 

Mercury -compounds. — For the analysis of organic mercury-compounds, and of 
other mercury' salts, F’rankland a. Duppa recommend the following process. The com- 
bustion is made with cupric oxide, air, and oxygen, in a tube which is drawn out in two 
places near the anterior extremity, bent in a U-shapo to receive mercury and water, 
and then connected with a sulphuric acid tube and a potash -apparatus. When the 
combustion is finished, and sir is being passed through the tube, the mercury collected 
in the drawn-out part is driven by heat into tho U-tube ; the latter is then melted 
off, and connected, instead of the potash-apparatus, with a second sulphuric acid tube ; 
and the water is transferred to the first sulphuric acid tube by means of a vacuum 
formed by the air-pump. The separation of water from mercury by means of a stream 
of air at ordinary temperatures is tedious and inexact ; and if heat is applied, a 
portion of the mercury is always driven over into the sulphuric acid tube. 

Vrozlmate Analjrals of Orgmnio eompomiao by Zdnltod Ozidottoii* 
Chapman a. Thorp (CAcm. Soc. J. [2] iv, 477) have shown that the products formed 

V??®* P'^*^**^***® tongstlc oxide, fWO*), by mixing the hot squeouf sotutioiis erf 100 pts. com* 
mercy ctystallised sodiam tungstate and 00 eal-ammoniao, wiohing the seciarsted aumtoiitmtt 
tungstate with cold water, and igntiing it In an open resseL 
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by a regulated oxidation of organic compounds may yield important data for'the 
determination of their molecular structure, and therefore for the investigation and 
characterisation of cases of isomerism. From experiments on bodies of the fatty 
series they conclude that complex organic molecules may be separated, by oxidation 
restrained within determinate limits, into molecules of simpler structure and mucli 
more difficult to oxidise, which may be regarded as the proximate constituents of the 
original more complex molecules. 

The oxidising agents used consist of solutions of potassium dichromate mixed with 
tlie quantity of sulphuric acid required to produce acid potassium sulphate and chromic 
sulphate, and coiitjiining 3, 5, or 8 p. e. potassium dichromate. The substances to be 
oxidised are heated with these solutions in sealed tubes ; the contonta of the tubes 
are afterwiirds diluted with water and distilled; and the acid contained in the dis- 
tillate is either immediately converted into a barium salt (for the saturation of the 
higher members of the fatty acid series, barium h 3 ^dvate i.s better than the carbonate), 
or (to separate different acids that may be present) it is saturated with potash-ley, 
and the volatile acid is distilled off fractionally, after tlio sviccessive addition of a 
quantity of titrated sulphuric acid sufficient to saturate one-third of the potash present 
(i. 260). 

To remove all doubt as to the appliaibility of this method, Chapman a. Thorp have 
demonstrated, in the first instance, that acetic acid, propionic acid (prepared from 
ethyl-cyanido), valeric acid, and caproic acid (whether prepared from amyl cyanide 
or from the kotono obtained in the distillatioji of potassium ricinoloate), are not at all 
attacked, or only in traces (with formation of a small quantity of Ciirl^n dioxide), by 
subjection for twenty-four hours to the action of the 3, o, or 8 p. c. chromic acid mix- 
Uiro at 100'^; and consequently that these acids, when they occur as products of 
oxidation, remain unaltered in the mixture. At 130®, however, they undergo, more 
or less easily, a more thorough oxidation, which may bo facilitated by the use of a 
larger excess of strong sulphuric acid, by the presence of free chromic acid, or of a 
small quantity of manganese dioxide, but never takes place if phosphoric acid is 
added instead of sulplmric. Dilute solutions of permanganic acid appear te act like 
the chromic acid mixture, inasmuch as tlioy do not act on acetic or propionic acid 
even at the boiling heat (and but slowly on formic acid at ordinary temperatures in 
presence of sulphuric acid) ; concentrated solutions, however, decompose these acids 
with facility. 

Those oxidation-protlucts which are formed under the influence of a sufficient 
quantity of the oxidising mixture, and of exhaustive action, are designated as 
niate ; those .obtained with an insufficient quantity of the oxidising agent, or when it 
is not allowed to act for a sufficient time, are called mediate products. 

The results obtiviued with certain compounds by the above process, when the oxida- 
tion was normal and complete (the mixture of the substance with the chromic acid 
solution being usually heated to SO® or 90®, never above 100®), may he represented 
by the following equations ; 

Alcohols. 

Ethyl Alcohol, C’H"0 O’ = C’lDO’ + IPO 
Amyl Alcohol, C®H>’0 + O’ = C"ll««0’ + IPO ' 

Compound Ethers, obtained by the action of an Iodide on ike cd^esponding 
Potassium-salt. 

Ethyl Acetate, C:’HXC’1P)0’ + O’ = 2C’n*0«» 

Methyl AceUite, C’1P(C1P)0’ + 0» = + CO’ -t- H’Of 

Amyl Acetate, C’IP(C'H")0’ + O’ = C^H'^O’ + C’H'O’J 

Amyl Valerate, C^IPlC'H'ijO’ -f O’ = 2C"iP®0’J 

Amyl Nitrite, G»H“NO’ -f- O’ = C^1P*0’ + HNO’ 

Ethyl Nitrate, C’lI'^NO’ + O’ = C’H'O’ + HNO’ 

Methyl Nitrate, CH’NO’ + O’ = CO’ + HNO’ + H’O 


Iodides. 

Ethyl todide, -t O’ = 2C’H*0* + H’O + I» 

Amyl Lxlido, 2C’IP'l -f O’ = 2C»H>*0« -f- H’O + P 

Isopropyl todido, 2CH(CH’)’I + O'* « 2C’H*0’ + 2CO’ + SH’O + I* 

• Tbe aamo products were likewiso obtained with permanganic acid, both at ordinary and at 

higher temperuturea. 

t Pormlc acid in small quantity was detected in the distillate. 

■ i The ojcidation takes place slowly, but completely, with a suflBcient excess of the dilute (8 p. c.) 
rJifomio acid solution ; with a very conceutratwl solution of chromic acid the oxidation goes further. 
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Amines. 


Ktliylamino, 
Propylamine, 
Amylamine, 
I'lthylamylami ne, 


C»H«.NfP + = cnvo^ 4 - NH» 

C^H^NIP + O* = C»IP02 ^ 

C*II”.NH* + O® = O'H*®0* + Nn»» 

+ O* = + Cm*0^ + NH*. 


Hydrocarbons^ 

Ethylene, C^ll* + 0* - 200'^ + 2lP0t 

Amylene, + O" - 2C‘Il^0^ + CtP + 1V0\ 

$ Hexylene, C^H** + 0» - + CHPO® + CO'^ + n*0(. 

From ethyl alcoln'l there were ol)tiine<l, as iiitorinoiliato produets, aldehyde and 

ethyl acotiito ; from amyl alcohol, valeraldohydo and amyl valerate ; from arnyl ace- 
tate, valoraldehydo. 

Mannite and glycori n , when heated with potuHsium hydrltto, yield the same products 
as the hydrocjirbons obtiiincd by acting upon (hem with hydriodic acid and decompos- 
ing the resulting iodides with alcoholic potjish. (Mannito yields propionic, acetic, and 
f<3i*mic acids ; glycerin yields acetic and formic acids.) It therefore appears remark- 
able that the chromic acid mixture oxidises both these bodies with violent reaction, 
to iioetic aiul carbonic acids, and that mannito is decomposed by an aci<lulatod solution 
of potassium permanganate at a gentle heat, according to the equation : 

mV*0^ + 0» = 6CiP02 ^ IPO. 

Respecting the products of oxidation of the diatottiic hydrocarbons^ results different 
from those above detailed have been obtaiueil by Trucht^t {Compt, rend. Ixiii. 274). 
According bo this chemist, othylono and its homologues yield by oxidation with potos* 
sium pormanganate.tho fatty su'id immediately low'or in the series than the hydrocarbon 
itself. Thus when a solution of pobissium permanganate is poured into a bottle filled 
with ethylene and standing in cold water (the solution containing 12 to 14 grms. of tho 
crystallis'd salt U) 1 litre of etliyleno gas) the liquid is compictoly decolorised, and 
yields — after the manganic oxide hasbex'ai removed by filtration, and tho concentrated 
scarcely alkiilino filtrate distilkni with tartaric acid — nothing but formic acid with more 
ttr less carbon dioxide — no acetic acid. Propylene similarly treated is converted into 
formic and acetic acids ; amylene yields acetic, propionic, and butyric, together with 
a small quantity of formic acid. 

These results have to a certain extent boon confirmed by Chapman a. Thorp. They 
find, however, that tho higher acids are produced only when an alkaline oxidisinar 
agent is employed, and that oven in this cuho they may bo resolved by prolonged 
oxidation into carbonic and acetic acids. Hence they reganl TnielHit’s results as 
relating only bo imperfect oxidation, or perhaps as obhiined by operating on mixtures 
of isomeric hydrocarbons. 

Tho reactions alx)vo described are sufficiently exact for tho quantitative esti- 
mation of the several groups of carbon-compounds intx) which a complex molecule is 
t’nereby resolved. For this application of the process of limite<l oxidation, which has 
been worked out by Chapman a. Smith {Chem. Soc. J. [2] v. 173 ; Jakreab. 1867, p. 
338), it is sufficient to know — 

1 . The quantity of carbon dioxide produced. 

2. That of tho organic acids or neutral volatile bodies formal, 

3. Tho quantity of oxygen required for the oxidation. 

Tho methods adopted in these determinations are as follows : 

1. Carbon Dioxide. — The substance to be oxidised (0*2 to 0 5 grm.) is introduce 
into a flask Iiaving a tube soldered laterally to its neck, whereby it is connected with 
a Will and Varrentrapp’s bulb-apparatus (containing strong sulphuric acid for 
absorbing tho vapours), and then with a potash-apparatus and jK>tAsh-tube, Into the 
stopper of the flask is fixed a bulb-pipette provide*! with a stopcock and containing*’ 
the required quantity of the chromic acid solution (100 grms. potassium dichromato 
and 126 grros. concontmted sulphuric acid in 1,000 c.c., 150 c.c. of this solution being 

• The oxidation succeeded best when the substance was drat heated to 70®-®0® for half an hour 
with concentrated chromic acid eolntion, and ibis mixture after dilution was heated In the wat«r- 
twth. 

t Tliis oompound was oxidised only by a concentrated solution of chromic acid ; ferxnfc acid WM 
not foxnd among the products. 

^ rapid evolution of carbon dioxide rendered it necessary to open the tube and dose it agdElf’ 

ourtng the experiment. 
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sufficient for the purpoBo). The weight of the filled potash-apparatus having been 
determined, the chromic acid solution is allowed to run into the flask ; the ffiuik is 
heated in the water-bath after the pipette has been closed ; and the evolution of car- 
bon dioxide and the termination of the experiment are regulated as in a combustion 
analysis, the vessel, containing the sulphuric acid being at the same time carefiilly 
kept cool. The carbon dioxide may also be estimated, though less conveniently, by 
loss. 

2. Volatile Acids or Neutral Compounds, — The weighed substance is heated in a 
closed tube to 100° for about an hour and a half, with a 10 p. c. dichromate solution ; 
the contents of the tube are emptied out into a flask, treated with zinc to reduce the 
chromic acid still present, and distilled several times to dryness, with repeated addition 
of water ; the united distillates are saturated with barium carbonate ; the solution is 
evaporat©<l; and the weight of the barium salt dried at 150° is determined. The 
nature of the acid is indicated by the determination of the barium, and, after the 
separation of that clement, by partial saturation and distillation. Neutral volatile 
substances insoluble in water and in saline solutions may be separated by distillation, 
receiving the distillate in potash-ley, and saturating it with ciirbonic acid. 

3. To determine the oxi/gcn consuined^ the oxidised liquid is heated to boiling with 
excess of pc.tash-ley ; tho precipitate of chromic oxide (which still retains potash, 
even after careful washing) is dried, ignited, boiled with strong sulphuric acid and a 
little alcohol, and again precipitated by ammonia. 

As, however, the accuracy of this method is somewhat impaired by the uncertainty 
relating to tho atomic weight of chromium, Chapman, in a subsequent communication 
{Chem, Soo. J. [2] v. 227), recommends tho employment of a known weight of 
potassium dichromato, and the determination of the excess of chromic acid still 
remaining after tho oxidation. Two equal portions of the dichromate solution are 
taken. One of them is decomposed directly with excess of oxalic acid and dilute 
sulphuric acid ; and tho carbon dioxide eliminated is estimated in tho manner above 
described, tho liquid being Anally heated to the boiling point and kept there for a few 
seconds. (Percussive ebullition may bo prevented ])y throwing in a few fragments of 
tobacco-pipe stems.) 

A second portion of tho solution is made to act upon a known weight of the organic 
substance, and the mixture is then treated in the same manner with oxalic acid and 
dilute sulphuric acid. Tho difference in the quantities of carbon dioxide in the two 
estimations corresponds to tho oxygon consumed by tho orgaiiic body, which oxygon 
(since tho formation of 88 pts. carbon dioxide from oxalic acid requires 16 pts. oxygen) 
is calculated therefrom by multiplying by A. 

The following examples may servo to exhibit the utility and scope of this method : 

1. Lactic acid is oxidised by chromic acid in such a manner that i of its carbon is 
converted into carbon dioxide, and the remaining first into aldehyde (on heating in 
tho water-batli), then into acetic acid (on heating under pressure) : 

C»H«0» -H O’ = + CO’ + H’O. 


Barium lactate gave 7’76 and 7‘69 p. c. carbon as carbon dioxide, and 80 64 p. c. pure 
barium acetate : 

Found Calc. 

C in form of carboxyl (CHO’) , . . 7‘72 7’62 

C in the acetyl compound . . . . 15*21 -■ 16*24 

2. Liethoxalio acid, C*H^’0’, is resolved by oxidation into carbon dioxide and 
propione, C*H'®0 : 


C«II*’0’ + O = CO’ + C»H“’0 + H’O. 


C in form of carboxyl . 
Propione 


Found Calc. 

. 9093 9091 

. 65*7 66 15 


3. Propione heated in a scaled 
acetic acids : 


C*H*®0 


tube with the oxidising liquid 
+ O* C’n*0’ + C*H«0*. 


yields propionic and 


Found 

100 pts. propionic consumed of oxygon . 67*83 

and yielded barium acetate and propionate 310*6 
The barium in this mixture amount^ to . 60*94 


Calc. 

65*8 pts. 
312*8 „ 

60*93 p. c. 


DiethoMilic acid contains therefore altogether, in accordance with the formula 
qmthetically established by Fmnkland a. Buppa ; 
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Fonnd CWo. 

C in form of carboxyl . . . . 9’ 09 9 09 p. c. 

C in the propylic form .... 27'29 27‘27 

C in the ethylic form ..... 18'20 18’18 

The determination of the quantity of oxygen consumed in such reactions was found 
by Chapman, following the second method, to yield the following results : 

I. For the conversion of butyric other into butyric and acetic acids. — II. Of propione 
into propionic and acetic acids. — 111. Of diothoxalic acid into carbon dioxide, pro- 
pionic acid, and acetic acid : the organic substance being in each case heated in % 
sealed tube with a sulphuric acid solution conUiining 7 P- c. potassium dichroraate : 

I. ir. HI. 

Oxygen found , . . 27*71 65 90 48*66 p. c. 

„ calculated. , . 27*58 56-81 48*48 „ 

Proximate Analyeis of Vegetable Tlseues (Fr^my a. Torreil, Bull. Soo. 
Chim. [2] X. 437). — This branch of analysis presents peculiar difficulties, arising 
partly fmm the groat similarity between the several proximate constituents of 
vegetable tissue, and secondly from the insolubility of tho.se constituents in all tlio 
neutral liquids, such as water, alcohol, ether, &c., which are commonly used in 
proximate analysis. Fr6my and Terroil, however, by the use of more powerful reagents, 
Buoh a.s the mineral acids, alkalis, chlorine, &c., liavo succeeded in obtaining a more 
complete analysis of several vegetable tissues than any that have hitherto been made. 

As an example, they give the analysis of oak-wooil. This they find to consist of 
three parts, viz. (1) The cuticle, which is quite insoluble in hydrated sulphuric 

acid, S0“.2K“0 or insoluble also in potash, but is dissolved by chlorine- 

water and nitric acid, after being first transformed into a yellow acid. This substance, 
which boars considerable resemblance to the cuticle of leaves, appears to form the 
cutaneous covering of the fibres and cells of the wood ; when separated fVom the other 
constituents by means of sulphuric acid, it retains perfectly the structure of the ligneous 
tissue, so that when examined by the micro.scopo it looks like the wood itself, of which 
however it forms only about one-fifth. — (2) The incriisting (PavenJ which probably 

exist s in the interior of the fibres and cells. It is soluble in sulphuric acid, which it 
blackens, but insoluble in chlorine- water. It is not however a definite substance, but 
a mixture of throe others, one of which is soluble in boiling water, a second soluble in 
alkalis, and a third, which becomes soluble in potash, alter being treated with 
chlorine. — (3) The cellulosic enhstance, which, when pure, dissolves without coloration 
in strong sulphuric acid, producing a liquid which is not precipitated by water ; it is 
attacked with difficulty by chlorine-water and nitric acid. 

Quantitative Analysis. — a. To determine the odltdosic euhstanoe, 1 grm. of 
sawdust dried at 130® is placed for 36 hours in a vossol filled with chlorine-water, 
which dissolves the ligneous cuticle and part of the incrusting matter, lojiving 
the cellulosic substance mixed with another part of the incrusting matter, which is 
converted by the chlorine into an acid soluble in potash. Hence by treating the 
residue with an alkaline solution, washing it with acid, then with water, and drying 
at 130*^, the cellulosic substance is obtained quite pure. In this manner it is founa 
that oak-wood contains 40 p. c. and ash-wood 39 p. c. of cellulosic substance. — To 
determine the ligneous cuticle, 1 grm, of sawdust is treated for 36 hours with sulphuric 
acid of strengtn corresponding to the formula SO*II*.3H*0 (or in some cases to 
iSO'n^.H’O), which completely dissolves the cellulosic and incrusting substances, 
while the cuticle remains suspended in the liquid. The residue is washed with pure 
water, and with alkaline water, and dried. Oak-wood is thus found to contain 40 
p. c. of ligneous cuticle, ash-wo^ only 17 p. c. — y. The inermting rmtier is estimated 
by difference, and farther decomposed as above described. 

The total result in the case of oak-wood is os follows : 


Ligneous cuticle 

. 20 



Cellulosic substance 

. 40 

'Hatter soluble in water. • 

10 

Incrusting matter • 

. . 40 

Body soluble in alkalis . 

Body transformed into an acid 

15 



by moist chlorine 

15 


AViLXiTSlS, vo&mianraucc. Addimetry and AlkaHmetry. — For the Tolu- 
metric analysis of acids, Grandeau {J. Pharm, [3] xxxiv. 209) recoipmends tha uxe 
of pure oaUnum carbonate in such a manner as to obviate the necessity of preparing 
a normal solution of potash or soda. A known volume (about 100 c.c.) ht th# 
arid to be tested is diluted to a litre ; 2*5 gmu. of pure dxv calcium carbonate ar« 
Introdueed into a 'wide-necked flask ; dilate arid is added by separate portkmi of 
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10 C.C. till tho calcium carbonate is quito dissolved; and then a few drops of 
litmus tincture are added. In another flask, a TOlume of tho same, and equal to that 
above employed, is also mixed with a few drops of litmus tincture, and the two 
liquids are saturated with dilute soda or potash-ley, the volumes of the alkaline liquid 
used for the purpose being noted. Tho diflerence of the volumes of the alkaline 
liquid added in the two cases contains a quantity of alkali equivalent to the calcium 
carbonate which has saturated a portion of tho acid (tho volume of which is therefore 
known), whence also the quantity of acid equivalent to the lime, and the entire 
quantity of acid, may be cfilcuiated. 

Mohr {IjekrbucJi der Tiirirmethode) recommends the use of oxalic acid, C*H*0*.2H20, 
for the preparation of a normal acid solution instead of sulphuric acid, beciiuse it is 
unalterable in tho air, being neither deliquescent n()r efflorescent ; and may be obtained 
nearly pure in commerce, and completely purified by treating it with a quantity of 
water insufficient to dissolve it entirely, then filtering, crystallising, and draining the 
crystals. To prepare tho standard solution, tak<> — 63 grms, or 1 equivalent in 
grams of the crystallised acid ; place it in a gauged litre bottle filled two-thirds 
with distilled water, giving the vessel a rotatory movement to facilitate the dissolution ; 
and fill it up to the gauge-mark with distilled water. If tho temperature of the air 
is 15°, each cubic centimetre will contain 0 063 grms. or yoOo of an equivalent of the 
crystallised acid. 

Pincus {J. pr. Chem. Ixxvi. 171) recommends normal 7ihfric acid titrated by moans 
of calcium carbonate, nearly in tho manner described by Grandeau. Pure dilute 
nitric acid and potash-ley (free from carbonic acid) are prepared of such strengths 
thjit equal volumes of the two saturate one another completely. A weighed quantity 
(about 1 grm.) of coarsely pulverised Iceland spar is then dissolved at a gentle 
heat in a measured quantity (in excess) of the acid (which has been made of equal 
value with tho potfish), and tho excess of acid is then determined by titrating 
back again with the potash-ley. This gives tho volume of acid equivalent to tlie 
dissolvotl lime, and thence it is easy to calculate how mucli water must bo added to 
tlio original acid, as also to the potash-ley, in order that 1 cubic centimetre of it may 
correspond to of an equivalent of any other acid or base. When the nitric acid 
has once been tnus correctly titrated, and tho potash-solution accordingly, it is easy, 
by moans of the latter, to titrate sulphuric, oxalic, or any other acid with perfect accuracy. 

Livngcr and Wawnikiowicz (Afin. Ck. Pharm. cxvii. 236) have teste<l a process, 
suggested by Bunsen, for applying the stsindard solutions commonly used for tho 
titration of free acids and alkalis, to tho estimation of all acids when in combination 
with bases which are separable completely and without contamination by wiustic or 
curbonated alkalis. If tho salt which is to bo examined for its amount of acid bo 
mixed with an excess of titrated alkali -solution till tho base is completely precipitated, 
and the amount of alkali in the liquid filtered from tho precipitate bo then determined, 
tho (piaiitity of acitl which was united with tho base in the salt under examination 
may thence bo found. A weighed quantity of tho salt is dissolved in water, mixed 
with tho titrated alkali, till a strong alkaline reaction is pro<lucod, and, after stirring, 
a definite volume is filtered off from tho known total volume, and tho filtrate is titrated 
for its amount of free alkali. At a proper degree of dilution, tho uncertainty arising 
from the circunustaneo that the liquids do not occupy exactly the same, volume before 
and after mixUire falls within tho limits of tho other errors of observation. Kxperi- 
monts with various pure nitrates and sulphates gave very exact results. With some 
salts it was found necessary to heat tho alkaline liquid; in the Case of bismuth 
nitrate, exact results are obtainetl only when sodium carbonate is used, and the liquid 
supersaturato'l therewith is boiled for half an hour. 

Wolcott Gibbs {Sdl. Am. *7. [2] xliv. 207) has generalised tho method proposed by 
II. Rose for tho estimation of nitric acid in certain nitrates, which consists in preci- 
pitating the metal by hydrogen sulphide and titrating the acid thus set free. All 
salts containing non-volatile acids and metals easily pCocipitable by hydrogen sulphide 
may be analyseii in the same manner. The precipitivtion should be made at boiling 
heat, and when it is complete, the precipitate is washed on a filter, and a determinate 
quantity of the filtrate is titrated by means of a normal alkaline solution. 

TUratioti. of Comp^tnd Ethers.— Bcriholot and P6an do St. Gilles (Instit. 1862, 
p. 110) test tho purity of compound ethers by heating them in sealed tubes for 
21 hours with a known volume (in excess) of standard baryta-water. The quantity 
of acid in the ether is then determined by titration of tho excess of baryta with 
standard sulphuric acid. 

Wanklyn (CA<wn. J. [2] v. 170) decomposes compound ethers with a Standard^ 
wlution of alcoholic potash, containing about 6 per cent, potassium hy^te, pi^paxed 
by dissolving potash in pure alcohol of about 8o per cent. The digestion oitlia 
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ether with the alcoholic potash ie performed in a long-necked flask, and is for tha 
most part accomplished with groat ease and rapidity. The complete disappearance of 
the smell of the compound ether is in many cases a good criterion of the completion of 
the reaction, Tlie quantity of acid in the other is then determined as in Borthelot's 
method, by titrating the residual potosli with standard sulphuric acid. This method 
gives very exact results, as the following experiments will show : 

100 pts. neutralise of potassluiu : 





Exp. 

Theory. 

Ethyl Bouzoato 

• . , 

25*77 

25-78 

26-06 

Ethyl Butyrate 

. 

34*10 

33*98 

33*70 

Ethyl Valerate 

c(G“ii»)^oii 

8015 

30*77 

80-08 

Ethyl Diothoxalate 

Looc*h» 

24-20 

— 

24-44 


Titration of Atkaloida. — F. F. Mayer {Rirp, Chim. app. v. 102) describes a process 
for the volumetric estimation of organic bases fouiulo*! on their procipitability by 
potnssio-mcrcuric iodide. The stfindard solution contains in the litre 13’t>46 grms. 
(i\> ) i^it>rcuric chloride and 49-8 grms. potJiBsium iodide ; it is to bo added to the 

solution to bo tested (not the reverse), and yields distinct precipitates with various 


buses to the degrees of dilution shown in the following Piblo : 


Morphine 
Atropine . 
(\)nine 
Ts^icotino . 


2.000 

7.000 

800 

25,000 


Narcotino . 
Brucine 
Qiiinidino . 
Cinchonine 


60,000 

75.000 


Quinine . 
Strychnine 


125.000 

150.000 


The formation of the precipitates is hindered by the prosonco of alcohol, ammonia, 
or acetic acid, but not by extractive matters. For greater accuracy, the excess of. the 
precipitant added should bo determined by a normal silver solution. 

Volumetric Analysis depending on Absorption of Oxygen . — Mittenzwoy {J. pr, Chem. 
xoi. 81) describes a process for the volumetric estimation of tannic acid, gallic acid, 
inin, manganese, and other substances, depending on the measurement of the quantity 
of oxygon absorbe<l by those sub-staiices in presence of alkalis. The vessel used for 
the purpose is a half-litre bottle, having a stopper of cork or civoutchouc, through 
which passes a glass tube bent towards the inner surface of the bottle. With this 
tube is connected, by a caoutchouc tube which can bo closed by a spring clamp, a 
second glass tube, bout in the same direction as the first, and somewhat narrowed 
towards the end. In performing an analysis, the bottle, filled with 160 to 200 c.c. of 
the alLiline liquid and with renewed air, is shaken for a minute or two — avoiding 
all change of temperature — and the point of the outer tube is then immersed in 
water (contained in a beaker glass ainl standing at the same level as the liquid in 
the bottle), till on opening the spring clamp, no more water passes over into the 
bottle. The weight of water which thus passe siA'er gives, with duo regard to pressure 
arid temperature, the volume of oxygen absorbed : 1 grm, of tannic acid or 0*7 grm. of 
gallic acid dissolved in 200 c.c. of 3 to 5 per cent, pcjtash-loy (or of 2 to 3 per cent, 
so<la-ley) absorbs 175 c.c. oxygen; with more concentrated solutions the absorption 
is los.s complete. Gallic acid* absorbs oxygen much more rapidly than tannic acid. 
Iron and manganese compounds (for which latter, however, the particular oxide 
formed has not been determined) are introduced into the vessel in the forms of 
dissolved ferrous or manganous salt, together with a little solid caustic potash. 

Volumetric Analysis without Weighing . — The problem proposed by Mohr {Ann. Ch. 
Pharm. cxvi, 128), ‘ To carry out analytical weight-determination, without the use 
of weiyhtSt with solutions of unknown strength, and the strength of which is moreover 
not to bo determined,* has been solved by Pauli, Hillier, and Dietrich {il/id. cxvii, 
386 ; Jahresb. 1860, p. 012). The general principle of the solution is as follows : 

Eijual quantities of the pure and impure substance to be titrated are weighed out, 
and measured volumetrically with the same liquid, any ^ven number of cubic 
centimetres of which will of course give 100 per cent, for the pure substance, and a 
pr<jportionally smaller quantity for the impure snbstance. The pure su1>stonM may 
also be replaced by another of similar chemical activity (e.^. manganese dioxide 
potassium dichromate or iodine, sodium carbonate by calcium carbonate, &c.). It 
then only remains to compare by calculation the (known) quantitative difference of 
action exerted .by the two substances to be titrated on the measoring liquid, 

^ AW4IJHnB8Xm. A variety of dolerite occurring at Steinheimf near KannW/- 
intermediate in character between crystalline dolerite and compact basalt. For 
analyses see Jahresb. 1865, p. 921 ; 1866, p. 973. 
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AirAMXBSS* This name is applied by Baeyer {Ann. Ch. Pharm. Suppl. r. 79) 

" s anhydrides are 

C(NH*)M 
C(NH*)*NH 
C(NH)* 
or 

CN(NH») 

AMT AT A***- This form of titanic oxide has been found to occur in an oolitic 
iron ore from the coal-beds of Cleveland (Wohler, Jahresb. 1867, p- 980). 

AlfCBZliTXXfS. A substance obtained from the rOot-bark of Anchieta salutaris^ 
and supposed to be the medicinal principle of that bark. It is extracted by leaving 
the crushed bark in contact with the air till it is completely fermented, then exhausting 
with hydrochloric acid, and precipitating with ammonia from the filtered solution. It 
crystallises in straw-yellow needles without odour, having a nauseous taste, insoluble 
in ether and in cold water, slightly soluble in boiling water, easily in alcohol, forming 
a slightly alkaline liquid. Dilute acids neutrjiliso it, forming salts, some of which are 
ciystallisable (Peckolt, Arch. Pharm. [2] xcvii. 271). 

ABBBSZBr. This mineral is found accompanying the emeries of Chester 
County, Pennsylvania. Structure fine-grained. Fracture conchoidal. Hard ness 
«=» 7*6. Sp. gr. — 2'586. Colour, greenish-white. Contains 62 00 p. c. SiO*, 
24'40 APO®, 3 60 CaO, 0*70 MgO, 8*07 Na^O, and 1*00 water (= 99*67) (F. Jackson, 
mi. Am, J. [2] xlii. 107; Bull. Soc. Chim. [2] viii. 420). 

AIVBROPOOOZI'. A genus of grasses, the leaves of which yield several 
fragnint volatile oils. Citronella oil, from the leaves of A. Schfcnanthus, consists 
almost wholly of an oxygenated oil boiling at 200°, and having a sp. gr. of 0*8741 at 
20°. liomon-grass oil, from A. Nar^-us, has very nearly the same properties. 
Indian geranium oil (probably identical with Fast In<lian grass oil, from 
A. Iwarancuaa, ii. 942) contains several bodies saircely separable by distillation. 
Ilespecting the optical properties of those oils, see Oils, Voi^atile, iv. 186. 

AXamXMCONZXr and AKTSlMIOirZO ACZX> are produced, according to O. L. 
Erdmann {Jahreab. 1858, p. 612), from the acrid liquid obt.siined by distillation of 
Itanunculus scderatiis, S. Dobraschinsky {Jr. Phar7n. [4] i. 319) prepares anomoniri 
by distilling the fresh flowering herb of Anemone praten^-^is with water, agitating the 
distillate with ^th pt. of chloroform, and dissolving the residue of tlie chloroform 
extract in hot alcohol ; the anemonin then separates in crysttils. 

ABIITKOZIZ. See the next article. 

ANBTBOXi or AZrZSB-CAMPBOlt. Kraut and Schlun {Zeitschr. 

Ch. Pharm. 1863, p. 359 ; Jahresb. 1863, p. 661) have examined the liquid and solid 
modifications of ancthol from oil of anise and oil of fennel, and have found that this 
bmly is optically inactive in both modifications, from whichever source it may bo 
obtained ; further, that anise and fennel oils are mixtures of liquid and solid anethol 
in various proportions, but that fennel oil likewise contains a hydrocarbon, C'®H*®, 
which turns the plane of polarisation to the right ; anise-oil, which , does not contain 
this hydrocarbon, is optically inactive. Solid anethol melts at 21**1°, boils at 232°, 
and has a sp. gr. of 0*989 at 28°. Anisoin (i. 298), better called anethoin, 
may be obtained by the action of stannic chloride or of strong sulphuric acid, either 
on solid or on liquid anethol, also from metiinethol (most conveniently by distilling 
anise-oil with strong sulphuric acid). Anisoin is resolved by dry distillation into 
liquid metanethol, which passes over, and a solid modification, isanethol^ which 
remains behind. 

Metanethol boils at 232*5°, has a sp. gr. of 0*9708 at 18°, may be converted, 
as above mentioned, into anethoi'n, and by hating for several hours to 320°, partially 
into isanethol. 

Isauetholisa light-yellow, viscid mass, resembling Venice turpentine; it does 
not alter at 380°, dissolves easily in other, less easily in alcohol, and in contact 
with oil of vitriol is converted into anethoin. 

Anethol heated with 2 pts. of strong hydriodic acid in a flask with upright 
condensing tube, gives oflF methyl -iotlide amounting to about 60 p. c. of the anethol 
used. Hence it is probable that anethol is the methylic ether of an allyl-phenol, and 

that its rational formula is (Ladenburg a. Leverkus, Ann, Ch, Pharm, 

cxli. 260). This phenol, C*H[**0, has lately been obtained by Iiadenburg by prolonged 
beating of purified anise-oil with potassium hydrate. (See Aifou) 


to compounds derived from amides by abstraction oi ammonia, just a 
formed from acids by abstraction of water ; thus : 

Orthocarbonic acid, C(HO)« Carbotetramide, 

First Anhydride, C(H0)20 First Anamide (Guanidine), 


Second Anhydride, CO^ 


Second Anamide (Cyanide), 
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When oil of anise» op the compound form^ by direct addition of 

hydrochloric acid to aiiethol (i. 298), is treated with scK^um amalgam, and the 
product is subjected to fractional distillation, a liquid is obtained which boils between 
220® and 224®, and is intermediate in composition between anethol and the compound 
containing 2 at. hydrogen more (Ladonburg, Deut, CHem, ^esellsch, 1869, 
p. 371 ; Zeitschr. /. Ckem. [2] v. 576). 

Anethol BromidCy is protluced by adding bromine to anethol dissolved 

in ether, and remains, on evaporating the ether, as a crysUilline very deliquescent 
mass, which gives off hydrobromic acid. By recrysUiUisation it is obtained in 
needles melting at about 16° (Ladonburg, loc. cif.). 

Compound of Anethol with Quinine. C’®H''0.2C*‘*H^^N®0^2H^0, — Crystallises 
from a hot alcoholic solution of 6 pts. quinine and 1 pt. anise-oil, and may bo 
rendered colourless by rocvystallisatioii, with addition of animal charcoal. The dry 
compound, which scarcely smells of anise-oil, gives off the whole of its water and 
alcohol at 100°-110° w'ithout fusion; it is decomposed by hydrochloric acid, but not 
bv cold water ; crystallises from ether in monoclinic prisms and Uvbles, from alcohol 
mostly in acute four-sided double pyramids, having all their summits truncated 
(O. Hesse, Ann. Ch. Pharm. cxxiii. 382). 

Chlor anethol^ C'^H'^CIO, is produced by leaving anethol in conUict for some 
hours with phosphorus pentachloride, and treating the resulting granular mass with 
water (Kraut a. Schlun, loc. cit.); also by the action of the pentachloride on oil of 
anise (Ladenburg). It is a somewhat yellowish liquid, which solidifies at low 
tempcratiires, melts at —6®, and boils at 257°, giving off a small quantity of 
hydrochloric acid. Sp. gr. 11 54 at 0°. Heated with potash it gives off HCl, and is 
converted into a liquid, C‘®H“*0, which, liowover, is difficult to obtain quite free 
from chlorine. This liquid has an unpleasant odour, is insoluble in water, boils at 
240°-242°, and gives no precipitate with an ammoniacal solution of silver or c<>p{)er. 
Cliloranethol is not attacked by potassium acetate even at high ttnnpomtures, but 
when heated to 250® with silver acetate, it yields a distillate partly consisting of 
anisic acid (Ladonburg, Zeitschr. f. Chem. [2] v. 575). 

CH(C»H*X' 

ikirasZiZG iLCZn. C^n^O* = 1 (p. 4]). — This acid occurs as a 

COOIl 

glyceride in croton oil, and may be obtained from that oil, together with crotonic acid, 
by sapKinification (ii. 112). It is pnxi need, together with an alctdiolic substance 
Ciillod las erol, by heating lasorpitiu (v. 1091) with strong jK>tash-ley, especially in 
presence of alcohol : 

+ U‘^0 = + 2C"H'‘0» 

Lascrpltln. Laserol. AnKclio 

aeid. 

The angelic acid may bo distilled off from the acidulatotl product with water 
(Foldmann, Ann. Ch. Pharm. cxxxv. 236). 

Angelic acid heated to 180°-200® for eight hours with hydriodic acid and red 
phosphorus is completely converted into valeric acid (Aschor, Zeitschr. f Chem, [2] 
Vi. 217). 

Bromangelie Aoid. C‘H*Br®0* (Jaffd, Ann. Ch. Pharm. cxxxv. 291). — This 
acid is formed on gradually mixing 1 pt. of angelic acid, well co<jlcd under water, 
with 2 pts. of bromine, as a viscid mass which crystallises after a while, and may be 
purified by conversion into a potassium salt and separation with hydrochloric acid. 
It then forms a white crystalline mass, which melts with partial decomposition at 
76®, and dissolves sparingly in water, easily in alcohol and ether. It is inodorous, 
has an acid taste and reaction, decomposes carbonates, and forms with the alkalis 
and alkaline earths easily soluble salts, with the heavy metallic oxides easily 
dccomposible precipitates. The j^tasHum-ealt, C*H'KBr®0®, forms sweet-tasting 
cry stalline laminae, and decomposes in aqueous solution even at ordinary temperatures, 
more quickly at the boiling neat. The lead and silver salts form white precipitates 
which decompose readily, with formation of metallic bromide. The ethylie ether, 
<>H’(C*H*)Br*0*, obtained by distilling an alcoholic solution of the potassium-salt 
with sulphiiric acid, is a yellowish liquid having an odour of peppermint, and 
decomposing partially at about 186 °. 

Bromangelic acid is an addition-prodnet, not a substitution-product, and is isomeric 
with dibromovaieric acid ; in &ct, angelic acid behaves to bromine just in the same 
manner as fmnaric, maleic, and the pyrodtric acids (p- 48). On the other HandU- 
angelie add shows little or no tendency to pass into a saturated add by taking up 
*»®cent h^^dzogan. Its lower isomeride, acrylic acid, 0*H*0*, is converted by soahun 
»®*lgam into proj^onic add, 0“IP0* ; but angelic acid when thus treated does not 
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Yield valeric acid; and Viromangdic acid treated with sodium amalgam is merelr 
resolved jDto sodium hromino nnd angelic acid; when heated with hydriodic add in 
sealed tubes, It fields merely truces of valeric acid, recognisable by its odour. 
Potassium bromangelate heated with water gives off carbon dioxide, and yields a 
brominated oil, C^U'Br, which boi/s with partial decomposition at P/'’; 

C^IPKJlr^O^ = CO* + KBr + C*lVBr. 

This oil has a pungent toar-exciting odour, and (like bromangelic acid itself) yields, 
when treated with excess of potash, a gas, probably qiiartine or crotonyleno, C^IP, 
which smells like allyleno, burns with a bright flame, is absorbed by water and by 
bromine, and is not precipitated by ammoniacal silver solution. The oil C‘‘II’Br is , 
decomposed by silver acetate, yielding silver bromide, and probably also crotyl acetate; 
it unites with bromine, producing rise of temperature, and forming a viscid non- 
distillable oil, G^U^Rr*. Hence the brominated compound C^H'Br behaves on the 
one hand like broinobutylono, and on the other like crotyl bromide, the homologue of 
allyl bromide (Jaflf^). 

AMXltlXSrB. This name is applied sometimes to pure phenylamine, C*H^N or 
sometimes to the mixture of phenylamine and tohndine, which is obtained 
by reduction of commercial iiitrolteiizol, and used for the manufacture of anilino-rcd. 

Wo siiall hero use it in the latter sense, designating the pure base C^H^N, as phenyl- 
amine or amldobonzene. 

Mmiufaoture of Aniline . — Tlie preparation of aniline by the reducing action of 
ferrous acotuto on nitrobenzol is shortly described at p, 421, vob iv. The chief 
alterations that have l»cen made in it consist in the reduction of the proportion of 
acetic ivci»l, and the application of high pressure or superheated steam for the distilla- 
tion. The apparatus us('<I consists of a cast-iron cylinder (tig, 8), having a capacity 
of alKUit. 1,000 litres. In the axis of this cylinder there is a hollow shaft or spindle a 



carrying n stirrtT d, an<l worked by bevelled wheels, to which motion is given by a steam 
engine. The shaft a is ground to an elbow h, connected with the steam-main c, and 
held down by a screw, so that when the steam is turned on, it passes through the 
hollow elbow down the shaft, and then hlow's out at the bottom d among the products. 
In this manner the aniline is volatilised and piisses vrith the steam through the neck e 
into a worm not shown in the figure, by which it is exmdensed. 

To start the operation, 10 kik^ams of acetic acid of 8® Bm. (sp. l*dd0), diluted 
with six times its weight of water— rather with the acid liquid obtained in a 
previous distillation of aniline — are poured into the vessel through an apertiigre at the 
top ; 30 kilogs. of pulverised cast iron and 125 kilogs. of nitrobenzol are added ; apd 
the stirrer is set in motion. The temperature quickly rises, and a brie^ reaction talCea 
placdf accompanied by disengagement of A^apour and the commencement of distillation. , 
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From tiiifl time fresh quantities of the finely divided iron are added till the total 
quantity amounts to 180 kiloga. The stirrer is kept in motion during the x^hole 
operatioDf and should not be stopped till an hour or two after the last additions of 
iron. The heat produced by the reaction giroa rise to a copious distillation of acid 
water and nitrobenzol, together with’ traces of benzol. These products collect in a 
receiver placed below the worm, and are returned to the cylinder from time to time. 
In some manufactories, the nitrobenzol, instead of being introduced all at once, is 
made to flow into the cylinder in a continuous fine stream ; in this case the wliolo of 
the iron is introduced at the commoncomont of the opomtion. 

At the end of the reaction, the cylinder contains a brown-rod mass composed 
essentially of ferric hydrate, aniline, acetic acid, and unaltered iron. To extract the 
aniline, the stirrer having been kept in motion for an hour or two longer, and the 
mass then left at rest for s<mio hours, steam is blown through the shaft, in small 
quantities at first, till the whole mass is raised to the boiling point. The aniline and 
other volatile products are then carried forward by the steam, and, passing out by 
the neck e, are condensed by the worm and collected in a receiver below. 

Some manufacturers, however, prefer distillation over the open fire. In this case, the 
cylinder having been left to cool after the termination of the reaction, the brown semifluid! 
mass is removed by the largo aperture at the bottom, and distilleil without previous 
neutralisation, either in iron cylinders like gas-retxirts, or in small east-iron alembics. 
This mode of distillation is said by some authorities to bo more economical than that 
in which steam is used ; also to give for the most part a more abundant product, 
better adapted for the manufacture of rosanilino. Aniline distilled in this manner 
generally contains acetanilide. 

By the processes above described, 125 kilogs, of nitrobenzol may bo converted into 
aniline in 12 hours in each cylinder of 1,000 litres. 

The crude prcxluct of the distillation contains water, acetic acid, acetone, benzol, 
and aniline. To get rid of the adventitious substances, it is strongly supersaturated 
with alkali, whereby the we ter is completely separated, and the oily mixture is 
decanted and rectified. Acetone then passes over first, then benzol (always a sign of 
bad preparation), and lastly, from 180° to 230°, the aniline. A second rectification, 
generally between 180° and 210°, yields it in the state in which it is found in 
commerce. Some manufacturers mix the aniline before rectification with quicklime, 
which retains all the acetic acid and the water. 

The residues left after the second distillation are called ‘ queues d’anilino ; ' they 
Iiavo been examined by Hofmann, wlio lias obtained from them the bases paranilino, 
tolylene-diamine, and xenylamine or martylamine (iv. 352 ; v. 872, 1054). 

AMTZZiZlfll COZiOITXS. The manufacture and applications of those colours 
have received considerable extensions since the account of them in vol. iv. pp. 465-473, 
was written. We proceed to notice the more important of these extensions. 

A.Bllln« Black. Lauth’s method of obtaining this colour (iv. 466) lias been 
modified by Camille Koechlin, the alteration consisting in replacing the hydrochloride 
of aniline by the tartrate, a salt which does not injure even the most delicate tissues, 
and has also the advantage of not attacking the mordants with which it is mixed for 
printing. The tartrate of anilino by itself would not be culpable of pro<iucing aniline 
black ; but in presence of sal-ammoniac, the proportion of which is considenibly 
increased in this modified process, double decomposition, resulting in the formation of 
aniline hydrochloride, gradually takes place upon the tissue. 

The improved process consists in boiling together 10 litres of water, 2 kilogs. of 
Btawh, 2 kilogs. of roasted starch, 2 kilogs. of aniline, 1 kilog. of sal-ammoniac, and 
1 kilog. of iwtagsium chlorate ; then when the mixture has cooled, and immedlatelv 
Wore printing, abiding 1 kilog. of cupric sulphide and 2 kilogs, of tartaric acid. 
The cupric sulphide may be advantageously prepared by dissolving 1 kilog. of flowers 
of sulphur without the aid of heat in 4 litres of caustic soda of 38° Bm., and adding 
this liquid to a solution of 5 kilogs. of cupric sulphate in 120 litres of water, the 
solution being heated to 120°. 

Various ouer processes have been recently published for the preparation of aniline 
but hitherto they have not practically replaced the process with cupric sulphide. 
Higgin of Manchester recommend the use of the arsenate, tun^tate, or oxide of 
^romium, together with chlorate of potassinm and hydrochloride of aniline (SuUt 
Soc, £2] Tii. 93). There is awo an aniline black called ‘ Lucas blael^’ the 

exposition of whidh is kept secret ; it is sold in the form of a paste containing all 
the elements necessary for the production of the blacky and requiring only to be 
^chened pidiited in order to develop the colour. Duilo (lUustr* Gmoerbezzit, : 

IW) an aniline black in the form of paste, by mixing 100 gnns. of tight 

^uine (hea‘^ aniUiie gives brown instead of black) with 80 gnus, of bydrocfaloria 



160 


AOTLIISTE BLUE. 


acid 


^iid, 10 grms. of manganese dioxide, and 1,000 grms. of water. ^ ^ 

washed by decantation, and then mixed with ammonia, whereupon i4a Coloiir^ainM 
from green to black, and if the absorption of oxygen from the air be assisted by f 
agitation, the colour becomes develop^ throughout the entire mass. 

The composition of aniline black is not known, neither is its mode of fonm^tioit 
thoroughly understood ; but it appears to depend upon oxidation of the aniline b^ 
the potassium chlorate and the cupric sulphide, which being successively reduced hW 
the anilme and reoxklieed by contact with the air, act as carriers between the oxygeifi^ 
of the air and the aniline. The sal-ammoniac, the presence of which is very xmefat i0 
not indispensable, ap^irs to act by dissolving the cuprous compounds as they j ^ 
formed, and thereby facilitating their reoxidation. 

Aniline black is much valued for printing on calico, on account of its brilli^cyt 
permanence. It acquires a greenish hue by long exposure to light and air, but 
bo brought back to its ziormal colour by treatment with alkaline so’ 

It hiis not hitherto been successfully applied in practice to the dyeing 
and wool, but the difficulties which this application of it presents will pei^ 
overcome. Lightfoot, the discoverer of aniline black, has shown that it 
fixed on wool if the wool lias been previously oxidised with chloride o| "Ue; 

News, 1866, p. 69) ; .and, still more recently, Jules Persoz has succeeded is 0^ 
wool with aniline black by mordanting it with a mixture of potasisium bi(dux)mwaiitd 
cupric sulphate, and then passing it through a solution of aniline. 
fixing the black on animal fibres appears to be duo to the fact that it is pi^^t&ted 
in flocks too largo to penetrate into their pores {Biciionnaire de Ckimie, i, 

Aniline Blue. Of all the blue compounds produced by the reaction of th'tf 
different reagents upon aniline, the only one that has come into practical use as qi' dye 
is the ‘bleu do Lyon,’ ortriphenyl-rosanilino, obtained by heating a sMt4>f " 
rosanilino with aniline (iv. 472). To obtain it of flne quality, it is found necessary 
to use a salt of rosanilino containing an organic acid. The mixture which is found 
to answer best consists of 10 kilogs. of crystallised rosaniline acetate, 30 hilogs. of 
anilitie (containing but little toluidino, and therefore boiling at a low tcmperaturo)> 

1-5 kilog. of benzoic acid, and 2 2 litres of caustic soda solution of 38^ Bm. (sp. gr. 
1'333). This mixture is lieatcd in an enamelled cast-iron pot, which is placed oVei 
an oil-bill. h 6(3t in brickwork and closed with a lid, through which passes an escape* 
tube connc'ctod u ith ii condonsing worm. The bath ?s heated for about throe hbuw, 
the temperature being gradually raised from 180^ to 210'^. At first the red colour 
the mixture chaiigos slowly, but afterwards rapidly ; the change is complete when a.- 
drop of th(3 mixture spread out on a glass plate with a little hydrocliloric acid appeals 
ol a pure blue colour without mixture of violet by candle or gas light. 

The following process, communicated by M. Bjirdy to Wurizs IHctionnaire iia 
Chimie, aifords tlie means of preparing at the same time a flue blue and a fiae Tiilet 
dye {violet imperial). 

Rosii nil ine hydrochloride is mixed with 30 p. c. of its weight of sodium aceteto : 
mixture is evaporated to dryness ; free aniline is then added, together with a®iSwifr^^ 
of crystallised potassium acetate equal to 10 p. c. of the rosaniline salt; and me 
ture is heated to 175° till the whole assumes a pure blue colour. The product ill 
rtiinovod from the boiler and dissolved, with aid of heat, in one and a half tiiri^ 
weiglit of strong liydrochloric acid. The blue compound, insoluble under theae ciiCliift- 
s^nces. floats on the surface ; it is collected, washed with water, a’U^ freatra^th * 
tmies its w'eight of caustic soda at 32° ; and the mixture, after hoiliog fiar twenty ' 
minutes, is diluted with 16 parte of boiling water and filtered, llie base 
18 purified from traces of mono- and diphenyl -rosaniline by washing .wH&t teiud 
alcohol, then dissolved in its own weight of sulphuric acid diluted imh toI. of 
^ter ; the liquid is boiled for ton minutes and filtered; and the blue deposit Wfoib 
the filter 18 washed. ^ . 

The hydrochloric acid solution is diluted with a quantity of water equal to 
of the weight of the crude blue, whereby a precipitate is formed itonsistiniir otf v 
p h 0 n y 1 - r o s a n 1 1 1 n 0 ; then again with 23 pts. of water, which throws dcnilii mo 
pfaenyl-rosanilino. Iho mother-liquors of this second precipitate, — ^ 
lime and mixe<l with acetate and chloride of sodium, yield a considr- 
|8ire hydrochloride of rosaniline, 

' l^iMne blue is insoluble in water, and this circumstance fomut A i 
to Its use, inasmuch as when Employed for dyeing, it is throi|iio^4 
dye-bath, and then mechanically adheres to the goo^, ja ^ 

It may indeed be kept in solution by the use of iMge r- ' 

treatmont greatly acids to its cost. 


The precipita^^^Ji ' 
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^ Nicholson has» however, discovered an economical method of rendering this 

htne perfectly soluble in water, namely by the use of strong sulphuric acid, with which 
it ap|>6axs to form sulphocongugat^ acid, analogous to sulphindigotic acid. The 
blue IB first boiled with dilute sulphuric acid, to remove all substances soluble the^rein, 
and the residue, after thorough drying, is treated with strong sulplmric acid of 66® 
Jtto. (sp. gr. 1*842), which dissolves it. The solution is heated to 160® for half an 
V;^ur, then diluted mth 4 volumes of water and filtoreti. That which remains on the 
m is the blue in its soluble modification, but rendered insoluble for the time by the 
^I^Musence of the sulphunc acid. It is wjished sovoml times with water, cautiously 
0rheu acidity of the water hocomca cousidombly reduced, ns the mo^'fied blue, 
Insoluble in the dilute acid, is easily soluble in pure vrator. 
improvement on the mode of preparing the soJubJe blue has been made by Max 
Sloe, Chim, 1866, ii. 263), who hoJite 1 pt. of the insoluble blue to 130® 
hours with 8 pts. of fuming sulphuric acid. Loonhnnlt obtains a peculiar 
n^ll^katioa of aniline blue by dissolving it in alcoliol and precipitating with waters 
Tl^lflippiduct thus formed easily diffuses tlirough water, and remains suspended in a 
afittMii mmute division which gi^tly facilitates the dyeing. It is in fact 

respect with that which is pnsluced by the dyer himself in the 
preparation in a chemical manufact<iry affords the means of recovering 
the j^ibohoi^ W&ch ^uld otherwise be completely lost. A similar result is obtained 
aniline blue, without the aid of heat, in strong sulphuric acid 
bii 4 pMcIhltai^ng with water. Under these circumsbinces no sulpho-acid is formed, 
but xnwuy ^a solution analog<ius to that of alizarin in sulphuric acid (Monnet a. 
Druzy* JHottonnaire de Chimif, i. 323). 

Soluble aniline blue is much used for silk-dyeing, but it is thought not to bo so fast 
aOHtliw normal compound. A modification of it, known commercially as * Nicholson’s 
blue,' 19 now very extensively used in Groat llritain for wool-dyeing, but its applica- 
tion does not appear to bo understood in France and Germany. 

Another soluble aniline bluj, called ‘ bleu <le Paris,* was discovered by Persoz da 
Luynea and SalviStat. It is prepared by heating aniline with stannic chloride to 180® 
for thirty hours. It is generally described os probably idontic4tl with the ‘ bleu do 
Lyon,’ but is in reality quite different, being easily solul^le in water, and crystallising 
freely in blue needles with a copper reflex. It consists of the hydroclorido of an 
oiganic base, which is precipitated fr<.>m its solution by alkiilis as a purplish-blue 
npirder. It dyea silk readily and robiins its blue colour by artificial light ; but it is 
occult to |Hrepflxe in large quantities, an<l has never been iritixsluced commercially. 
Toluidine blue has been already described (iv. 472). 

Diphenylamine blue. — The formation of comp<3unds having a fine blue colour, 
by the action of various reagents on diphenylamine, was first poiiited out by Hofmann 
(lV^63^ but the discovery of a diphenylamine blue adapto<l for use in dyeing is due 
a. De, Iiairo {Bull. Soc. Chini. [2J vii. 360). They prepare it by heating to 
aiKnit {^P®, under pressure or in an ojkjii vessel wiUi continual reo-^iudensjition of the 
mixture of 1 mol. of pure aniline and mol. of aniline hydrochloride. 
The^tM^formation of diphenylamine into a blue dye may bo offect;e<l by heating . 
2 pt«. Ojif the base with 3 pts. of cjirboii trichloride to about 160® for several hours. 
Hydipf^ionc acid and carbon dichlorido are then ovoIvcmI, and the mass is convortcxl 
into a brrase-coloured product, which must bo washed with benzol ami petroleum, 
and theu ojpf^Ved in alpohol or wmxl-Hpirit ; the filterwl endutions, proc.ipitat/e<.i with 
twice their v^luacmf of hydrochloric acid, yield the blue almost pure and amounting to 
40 p. a, diphenylamine employed. Another prcK-ess consists in heating diphenyl - 

unuiMl to S t0®“120® for three to five hours with an ec^ual weight of oxalic acid ; but 
the is not very abundant (Brimmeyr, IHvgl. pol. J. clxxxv. 40^. 

^"‘Waylamine blue yields very pure colours in dyeing. Its composition is 
)Iy the same as that of triphenyl-rosanilino : 

2b^'*N + CWH«N» 

IHpheoylamliie. Dltolylamine. Triphcnyl- 

roaaniline. 

only with a mixture of diphenylamine and ditolylamfi 
mmilarly treated yields a blackish blue, ditolyUmino a 
luidine a bluish-violet. 




^ of. the most important of these colouring i 

green/ was disooTSuedln a remarkable mautier, 
a blue oohnir by the action of aldehyde 
' Thi»;product bad a nagoilkeul 
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blae colonr, but was found to be utterly unstable, and therefore useless Blr a dye. It 
was however experimented upon by Chorpin, a chemist in the dye- worlds of M. Usibe, 
near St. Ouen ; and he, finding himself unable to fix it, mentioned his difficulties to a 
photographic friend, who recommended him to try hyposulphite of sodium, as that 
salt always used for ‘fixing’ ph-xographs ! Chorpin followed this counsel, but 
instead of fixing his blue, ho found that it was changed into a splendid green dye, now 
known as ‘ aldehyde green.' 

To prepare this colouring matter, about U pt. of aldehyde is gi«^ually added to a 
cold solution of magenta, prepared by dissolving 1 pt. of the lattw in 3 pts. of strong 
sulphuric acid and 1 pt. of water. The mixture is then heated in %water-bath till a 
drop of the product diifused in water prfuluces a fine blue coloration, and then poured 
into a large quantity of boiling w'ater containing three or four times as much sodium 
hyposulphite as tlio magenta em])loyod. After boiling for a short time, the liquid is 
filtered off from a greyish insoluble residue which forms. The filtrate contains the 
green. This process being a very simple one, many dyers now prepare the green 
colouring matter as they rccpiire it. It may, liowever, be precipitated by means of 
tannin or sodium acetate, collected on filters, and drained to a paste, or, if necessary, 
dried. It is found in tlio market in both these forms. Jlirzel {JDeut^h^ Indvstris 
Zfitung, 1861, No, 31, p. 307) iirepares this colour by treating a solution of the 
aldehyde blue with amiiionliim sul})hydrato instead of the hyposulphite, heating the 
mixture till it turns green, then filtering and treating the green solution as-above. 

The compoKltion of ablchyde green is not exactly known ; but, according to Lauth, it 
contains sulphur as an essential constituent, and is produced whenever a solution of 
aldehyde blue is brouglit in contact with nascent suljdiur. This view is in accord- ’’ 
anco with results recently obtained Viy Hofmann. Accor<ling to E. Lucius, on the 
contrary, the aldehyde green exi.sts ready fiirmed in an acid solution of a rosafiiline 
salt mixed with aldehyde ; and the sodium hyposulphite acts merely by removing the 
Idiio or violet substances which are always formed at the same timu; the samsy 
separating a<hion is indeed exerted, not only by hydrogen sulphide and sulphurous a<jid, . 
but by animal charcoal, silica, fiowons of sulphur, &c, 1861, Nos. 200 and 301). 

Aldehyde green is undoubtedly the salt of an organic base, and this base may be 
separated from it by decomposing an H.quooua or alooboHc solution with stKla or 
ammonia, most readily ])y operating on the product ]>reci pi tat ed with sodium acetate. 
The base is of a pale green colour, like chromic hydrate ; it is slightly soluble in 
alcohol, and the solution is completely altered by boiling. It dissolves in^acids, 
forming bright green but very unstable salts, and is changed to the normal colour of 
aldeliydo green by absorbing carbonic acid from the air. 

Aniline green is principally employed in silk dyeing. It is a splendid colour, and 
Very brilliant both by day and by artificial light. 


2 . Green produced hy t}ie. ethyhitwn or metkylation of T^osaniline or of MethylaniUno 
violet. — Thi.s green, known commercially as ‘iodine green,’ appears to I^^ve been 
<liHcovore<l by several chemists at nearly the same time. Its prop.irationv wlwch ‘has 
been th'.seribod successiroly by Tillemans of Oofehl, by Lucius iJakr6$b» p. 
818), by Poirrior a. Chappat {Ihdl. Soc. Ckim. [2] vi. «^04), and by Wankl^ lUdParaf 
{d>id. vii. 269), consist.s in subjecting the violets of t.riethyl- or trimathyLroaanilino 
(Hofmann’s violet), or the violets of metliylanilino to the actiou^i?' an eltcess of 
alcoholic i(»dide. The process given by tbo last-mentioned chemistSwiil : A 

mixture of equal parts of rosaiiiline, methyl alcohol, and an \alcohfd|jev^ 
for threo hours to 110° ; and the product of the reaction is 
carbonate, which dissolves a small quantity of green colouring 
greater part of the product in the fi)rmof an insoluble salt, whi(^ is in facf Hofi 
violet. Tliis hitter i.s decomp isod by a caustic alkali, so as to set the base ; 

and this base, after being dried and pulverisov^l, is again subjected to the acfaosi of jdns 
alcoholic iiniide ; a third operation carried out iu the «amo manner convert^ 
the violet into green. Tlie prtxiuct, being soluble in water rendered 8liglM||xtei[^iiie 
with sodium carbonate, may thus be easily separated from tlie fore%n matb^ ,lirliic)l 
accompany it, as well as from the violet salt which remains unaltered. 'f' 

The green thus obtained with methyl iodide has a very fine colour, and* mO tho 
aldeh^e green, preserves its character by artificinl light. It um ifoi* ,e0ttoa 

^atad silk dyeing; its colour is bluer than that of aldehyde, greie^ 

^|:1^^^UBeful, as it yields with picric acid a greater variety of green 
' '^‘Sll^brtant observaticMOi^^a tl^ manufacturer and constitution of* 
lat^ published a, Girard {I>euL 0^. 

Ziktschr. f Chem^ 652). Thd^ followj^ng propoiti 0 n 0 ^« 

result: 1 pt, rosaniline ** .--jijy. i 

Lido might be 


methyl iodide, iuqid; 2^.pt9* 
bromide 3 ' 


meth]^ i< 




ANILINE GEEEN. 


163 


»aoces8 the iodide is preferred.^ Tlie roiiction takes place in large closed boilers 
'autoclaves) of euaipeUed wrought or cast iron, capablo of sustaining a pressure of 26 
atmospheres, and surrounded by jackets in which a stream of boiling water circulates 
for oif^t or ten hours. The operation is then completetl and the boiler is loft to cool. 
It then contains a mixture of violet and green colouring matter dissolved in methyl 
alcohol, together with considerahlo quantities of methyl ncobito and methyl oxide, 
which latter eis^pes with violence on opening the boiler. The volatile products 
having been remo^^^ ^ distillation, the residual pasty mass of colouring matters is 
poured into a lar^ mantity of l)oiling water, whereby the green is complotoly 
dissolved, while ^^ Wolet remaiias undissolved, with the exception of a small quantity 
held in eolutioti hy the acid set free during the reaction. The insoluble violet is 
separated by filtration, and the small quantity diss<»lved is pirecipibited by addition of 
common salt, after the free acid lies been neutralised by sodium carbonate. To hit 
the exact point of saturation in the deep-coloured liquid, a sample is filtered from 
time to time, and, instead of litmus-paper, a thin skein (d' silk is introduced into the 
filteretl liquid : as soon as the silk jicquinss a ]Hire green colour witliout any admixtiu'o 
of violet, the addition of sotlium carbonatt^ maybe discontinued, the precipiltUion of 
the violet colour being then comph'te. The liquid when quite cold is finally passed 
through a sand filter to remove tlie prccipitatc<l violet ; an<l the green is precipibited 
by a cold-saturated solution of picric acid. Tlie picnite i>f iodine green thus obtained, 
being but slightly soluble in water, is rapidly washetl tliorewlth, and, after evaporation, 
sold to the dyers in the form of paste. The vi<»let colouring mailers obtained in tho 
preceding process in the form of iodides are conv(;rted intx> the corres])orKling bases by 
means of sodium hydrate, and from these bases further quantities of iodine green may 
bo obtained by treatment with methyl ioditlc. 

To oht&\n cjysf a flijsrd iodine tho coloiiriMl product of tho reaction is poured 

into a quantity of w'atcr, much smaller than tliat nse<l in the process above described, 
and after addition of common salt, the li«)ni<l is mjx<ul w'ith a larger quantity of 
sodium Ciirbonate, in order to cii-sure the conijilete precipitation of tho violet. Tho 
filtrate on cooling deposits a considmaiblc (plant it y of i<Kiine green in crystals, which 
may bo washed once or twice with cold walcu* ro remove adhering common salt, and 
then dried at the teinpcraturc of tho air. To obtain the compound quite pure and in 
a state fit for analysis, tlio crystals are dissolvaMl in warm absolute alconol, and the 
filtered solution is poured into a luige exc.i'ss of absolutely anhydrous ether, whereby 
a sh^png orystallinc precipitate is formed, which is washed on a filter with cold 
ether, and, after evaporation of the ether, dried ovc'r snlplniric acid. Lastly, tho 
crystalline precipitate i.s dissolved in warm alc.oliol, wdiich on cooling dcjvisiu cnenii- 
cally pure icnline green in splendid prisms, having the peculiar metallic lustre (jf tho 
W'ing-cases of cantlmridcs. When dried over sulphuric acid tlu y consist of 

Methyl-iodide of trimcthyl-rosaniline, C'‘^«II>XC1I’')*N'-' j + II^O. 

If left in a vaenum for fort y-eight hours they give off 1 mol. water, and if left still 
lo ojgg tyy tho. compound undergoes further <leconipo8ition. 

Tna„j^(nrresponding chloride., obtained by docom|Kising the iodide with silver chloride, 
dries t%tOa ^oen transparent brittle vitreous mass. Tho sohition yields with plati- 
nic chloride a^xown amorphous precipitate consisting of the ‘platinochloride’. 


The’jpin-aftr, separatos on adding picric acid to 

the aqniMiu flOlutaon of the iodide, as a dark green precipitate, which, by recrystallisation 
from boiling ^alcohol, yields tlie salt in well defined prisms, yellowish by transmitted 
light, ai^^ming like etched cop|wr in reflected light. 

Tha crystallises in slender needles, the nitrate in prisms. These salts are 

* OOnridsrtoiS thelwmpftinatiyely innnll erjuivalent of bromine, and the low price st whloli It nugr 
now from Stassfurt salt-works, tt Is remarkable that so. few attempts should UtlllrtO 

have biMik aasde to snhstitnte it for iorline In manufacturing processes. 8o far as the p 
of anniue pc^Emrs is the chief di^culty in the use of the bromides of metlnrl 


arises from fItiBir taw 


lints (13° end 14^), in consequence of which large quaniltiei j 



§«. WOK omicalty may« however, be surmounted by uaing, instead of thefts 
lafxttBiEt olimnethyl or rtlgrbll^hol with amyl bromide, a compound easltjy 
“ - “ - * - ^ ^ ^rlonwhi(dithen*ia#|pjj|jUu», ^ 


Dtt the first stage of 
or bromide, thus 

d^*Br4-6B^X 


4 

^ about 



to;'* 



station or 
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obtained by treating the free base with acetic and nitric acid. A. the 

iodide with nine iodide, obtained by precipiUiting the iodide with 
of zinc, crystallises from hot water in prisms not altered ftt of 

tannin precipitates a compound which has not been analysed. 

TVanM/brmations of Iodine green . — The green erysbils of the iodidet' as already 
observed, undergo a gradual change when left in a vacuum. If oi^^i^tals w:h2<^ have 
been thus left for some months are drenched with water, they partly dissolve, laming 
. a green solution, and if this be ponro<l off, the remaining crystals mssolv^ in alcohol 
with a fine violet colour. This tmnsformation intx> a violet compound takes place in a 
few hours at the temperature of boiling water, and instantly at iSO’^-lSO® ; thus the 
green i<xlido dissolves with splendid violet colour in boiling aniline. The violet com- 
pc)und consists of methyfiodide of trimethgl-ro&anUinc, and is formed from the hydrated 
diniethyliodide by loss of water and methyl iodide : 

= C"H'“(CII>)>N>.CH’'I + H*0 + CH*I. 

Green. Violet. 

The formation of the violet colouring matter from the green iodide likewise takes 
placo when a solution of the latter in mtithyl alcohol enclosed in a sealed tube is heated 
for two or throe Imurs in the water-bat h. The liquid then assumes a deep violet-blue 
colour, and deposits long ciintharides-grcen needles of the compound 

which are but sparingly soluble in alcohol even at the Imi ling heat. These are best 
rccrysbillised from methyl ic alcohol, in which they are somewhat more soluble. The 
same compound i.s occasionally formed in the action of methyl iodide on trimethyl- 
rosanilinc. Together with these sparingly soluble crysUils, whoso solution is violet 
with a decided tinge of blue, there is also formed another blue-violet salt, but less 
docideilly inclining to blue. This salt is extremely soluble in alcohol, but may bo 
crystallised by slow evaporation of the alcoholic solution. It is identical with the 
violet salt above mentioned as obtained by the simple action of heat on the green 
iotiide, namely C‘'=‘'lI‘«(CH®)*N».CirT. 

A molecule of the green iodide lioated in methyl -alcoholic solution under pressure 
undergoes the sumo transformation as when heate<l in an open vessel ; but the sepa- 
rjitod molecule of methyl iodide, which would cscjipo into the air if it were not confined, 
fixes itaclf upon a secemd molecule of the green compound, converting it into the 
spiringly soluble violet compound with 3 mol. methyl iodide. 

The green and violet iodides trositod with alkalis are converted into the correspond- 
ing bases (liydratos), whicli are colourless. The base corresponding to the iodine 
green may also bo obtained by decomposing a solution of the picrate in ammoniacal 
alcohol with soda-ley. 

If in the preparation of iodine green, either the proportions of the materials, or the 
tempenvture, or the time of heating, differ considerably from those above described 
(p. 162), a colourless product is likewise obbiiued, which may he separated from the 
coloured products formetl at the same t ime by means of hot alcohol, in which it ia nearly 
insoluble. On dissolving it in water, evaporating, and recrystallising several times 
from dilute alcohol, this compound is oljtained in prismatic crystals, having the composi- 
tion of trbmthylUKlideof jginiamethyUdcdleucanilin^ C2®H‘«(CH=*>*N*.(GH*I)* +H*0. 
(See Lkucanilink.) ' ‘ ^ 

^ 3. A third kind of green, known commercially as ‘Perkin’s green,' resembles the 
iodine green more closely than the aldehyde green, but differs from it in solubility 
and in being precipitated Ijy sodium carbonate. It contains an organic base, whicn 
18 nearly colourless, and is by no means a chemically powerful body. Like the iodine 
green, it is precipitated by picric acid, forming a picrato which crystallises from 
alcohol in ahiall prisms having a golden reflex. 

This colour is now much usofl, chiefly for calico-printing. 

Aatll ne Maroons anO Srowns* Those colours, like the aniline yellows, possess 
only a second-rate industrial importance. Girard a. De X<aire obtain a maroon by 
melting 4 pts. of aniline hydrochloride, projecting into the fused mass I pt. of roeani- 
liM hydrochloride, and heating the mixture to 240° ; it then Quickly conges from 
rm^ taaroon. The colouring matter thus obtained is soluble in water, is pre- 
^pitated therefrom by aUmlfS and alkaline salts. 

^ A, Schultz prepares a fine garnet colour bypassing a current of niteona aapoo^ 
into a solution of soda or ammonia holding rosaniline in “suspension, dye thpa 
produces on wool, mlk, and cotton^ fine shades varying from pnoe to gamehT 
;Soraoe Koechlin utilises the browh substances noticed by in the oxida- 
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tion I ^ fixes these browns on tissues by printing on wool a mixture of 

fuchfl W, And potassium chlorate; and on cotton the same, with addition 
of cnUSHItthtjBtehide. -IWi brown may also be fiietl upon cotton by moans of albumin. 
It \pwpiired in » state fit for this application by acting on fuchsine with 

DotassiaDa dwoiatiB nnd hydrochloric acid. The pro<luct thus obhiin^ is insoluble in 
in alcohol and in strong sulphuric acid, and is precipitated from those 

BolutioM by water 1866, p. 262). , . . 

Jaeobsoft clxxvii . 405) describes two processes for obteining aniline 

brown, tiz. (1) Heating 1 pt. of picric acid 140° with 2 pts. of iinilino as long as 
ammoniacal Yaponrs are disengaged ; dissolving the product in <lilute hydrochloric 
acid, and precipitating with caustic soda. (2) Heating a strong solution of aniinouium 
chromate to 100°, together with aniline formate. 

Wise heats to 140° a mixture of 1 pt. rosaiiilim*. 1 pt. formic acid, and ^ pt. sodium 
acetate, and thereby obtains a substance which dissolves in alcohol with a fine scarlet 
colour.* On heating this substance with three times its weight of aniline, it is trans- 
formed into a product having a rich brown colour (JiulL Sue. Chini. 1866 [2] vi. 431 ; 
JHctionnaire de Chimie^ i. 329). 

Aniline Pink* also known commercially as ‘ safranino,’ is a colouring matter 
much rodder than magenta, proiluced by oxidation of aniline. It ws discovered some 
Years ago by Perkin, and is now employed to a limited extent in the arts. It appears 
to be ail organic base coraposial of It gives erimson H.iliitions with acids, 

forms crystal li sable salts, and its reactions show that it is closely related to mauvoiuo 
(Perkin, Proctiedings of the Royal j7i8tittition, 1869). 

Aniline Red. Fuchsd^ie, Magenta, — The use of arsenic acid for the prepara- 
tion of this colour has nearly superseded all others. In the description of this process 
given in vol. iv, p. 468, it is stated that 12 pts. of the dry acid of commerce are to 
bo heated with 10 pte. of aniline, with or wiihimi addition of water. Experience has 
shown, however, tluit the addition of water is absolutely necessary to llie success of 

the process. ... . .t 

The manufacture of magcnUi is now conductctl in an apparatus similar to that 
represented in fig. 9. This apparatus consists of a large iron pot, «, about 4 ft. in 
diameter, set in a furnace of brickwork, and provided wil h a stirrer worked by hand. 
All the geazKXig for this stirrer is fixed to tlie lid, so that stirrer, lid, and all may be 


Fig. 9. 



lifted awny by means of a crane, or other suitable apparatus. There Is also . 

tube fixed into the lid. and connected with a confionsing worm, d, by mea]t^i#l|>| 
join^ which Oan be made or broken at pleasure, In preparing magenta, a guanqtj^jC " 
aniline oont«i|iing about 25^ per cent. oS toluidine, and a nearly sainratM soltml^ 
of arsenie acid, are intToduow into this ap^mtus, and well mixed by worki|^ llm " 
fctirrer; the y r oporti em of the materials i»/ in about the ratio of 1 of anilmn to 
1*6 of a 76 per cent, When these' are well mixed, the fine ^ 
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lighted After the product has lusen heated for some time, mtei begins to distil 
over, then aniline and water, and, histly, nearly pore aniline. ... 

This operation requires some hours for completion, and tills *is detaiitthied hy 
inserting an iron rod from time to time, and drawing out a jportion of the product 
for examination, as well fis by the amount of aniline which distils over. When the 
heating has been completed, a steam-pipe is introduced into the apparatus, and 
bJown through the fused mass; by this means an additional #antity of 
anilwe is sepnmted. The lid is then libenitod and lifted, with the stirrer, from the 
apparatus, and the product left to cool before it is removed. A more elaborate and 
larger apparatus is sometimes used, which possesses consklorahle advantages over the 
smaller one. The iron pot is larger, and is provided with an outlet at the side, which 
is closed during the operation, and the shaft of the stirrer is hollow (as in the aniline 
apparatus, fig. 8), and worked by steam. Wlien the optTation of heating is concluded, 
steam is blown down the shaft, and, after the addition f)f water, the product is boiled 
and run out of the outlet in the side of the pot ; by this arrangement it is unnecessary 
t-o disconnect the lid of the upparntiLS, and the product does not require to be 
removed by mechanical means, as with the apparatu.s previously described. 

The crude product obtained by heating aniline and arsenic acid is next transferred 
to vats, boiled with water and filtered. Common salt is then added, which 
precipibitos the crude magentii: tliis is collected and dissolved in boiling water, 
again filtered, ami the solution on cooling deposits the colouring matter in the 
crystalline slate. Tins, when recrystullised, constitutes commercial mfigonta (Perkin s 
J,ec.tures on Coal-tar Colours). 

The several varieties of commercial aniline red- have boon shown by Hofmann t/i 
be salts of a colourless base, rosanilitio, derived from 1 mol. of phenylamine 

and 2 mols. of toluidino, by elimination of 3 mols. of hydrogen : 


C2®H‘®N=* = C«n’N + 2CWN - 3U*. 


(C®H7' 

For its rational constitution, Hofmann gives the formula 2(C^U®)" 

H» 


Crystal 


liaed rosaniline is C^”H”'NMI20. 

Rosenstichl has shown {Hull. Soe, industr. de Mullwuse, 18G8, p. 931 ; Bull. Soc. 
Chini. [2] xi. 207) that commercial fuchsine or magenta always contains, in addition 
to rosaniline, another red colouring matter, isomeric therewith. The formation of this 
now colouring matter is due t-o the presence of pseudotoluidine or paratoluidino in 
commercial aniline, a fact previously demonstrated hy Kosenstiehl {Bull. Soc. Ckim. 
[2] X. 192). Koaanili no prepared from a mixture of pure aniline and pure normal 
toluidino, and pararosanifino prepared in like manner from aniline and paratoluidine, 
resemble each other in tinctAH'ial quality and power, and indeed in all their physical 
and chemical properties, excepting that pararosaniline, when precipitated by an 
alkali from a hot solution, remains amorphous, whorc.'is rosaniline under the same 
circumstonces is soon converted into crystalline sciile.s; and that rosaniline when 
subjected to the reducing action of hydriixlic acid yields aniline and toluidino, 
whereas pararosaniline similarly treated yields aniline and paratoluidine. 

Moreover, it appears from recent experiments by Coupier, that rod colouring 
mattcr.s, very closely resembling the rosaniline salts, may bo jprepared without the 
simultaneous lu’tion of aniline and toluidino, in fact, from nearly pure t/duidine or 
xylidine without the aid of aniline at all ; e.g. by heating a mixture of 100 pts. of 
Coupler’s toluidine (which is liquid), 160 pts. of solution of arsenic acid (of 75 p. c.), 
and 35 pts, hydrocldoric acid to 150'^-160° for three or four hours ; or 67 pts. 
crystallised toluidine, 9o pts. n Itrotoluenc, 65 pts. hydrochloric acid, and 7 pts. of 
ferrous chloride to 190° for three hours. Xylidine also yields red colouring matter 
when subjected to similar trositmont. 

Toluidine red po.ssesses properties analogous to those of aniline red, but is 
distinguished from the latter by the bluer tint which it communicates to vegetable or 
animal fibres ; by its more regular transformation into derivatives of other colours, 
especially green ; by its greater depth of colour ; an«l by its much greater solubility in 
water* It is, moreover, obtained in greater abundarthe from a given quantity of 
material, the yield amounting to 40 p. c. of the material employed, whereas that of 
aniline red seldom exceeds 30 p. c. The addition of aniline to the toluidine actually 
diminishes the quantity obtained, the diminution being directly proportionate to the 
quantity of aniline added. Xylidine red yields in dyeing more violet tints than 
toluidine red {BuU. Soc. indust, ds Jdulhouse, acril et nuii 1866 ; Bull. Soc, Chim, 
pl^vi. 600 ; Moniteur scierU. 1866, p. 599 ; Dictionnaire de Chimie, i. 819). 

. Coupier has also devised a process for the manufacture of aniline red in which the 
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use of arsenic acid is aroided. It consisU in boating to about 200" a mixture of 
pure aniline, nitrotoluene, hydrochloric acid, and a small quantity of metalUc Iron. 
The product is pasty and quickly solidifies to a friable mass resembling crnde 
fuchsine {Bxdl. Chim. [2] xi. 269). 

Aniline Violet*. Of these dyes there are seveml varieties. 

1. Mauve or Aniline purple, the first discovered of the aniline dyes. It 
consists df the sulphate or other salt of mauveine, C*“H**NS a base which in the 
free state has a violet colour, and forms violet solutions. The riitionnl formula of 
this base has not been determined ; but it diffiirs from rosnniJino in not re({itiring for 
its formation the presence of tvluidine ; in fact, Forkin hnds that it may he 
prepared by the oxidation of pure aniline (plionylamino) obtained fn>m indigo. The 
same result has been obtoined by Sohiitzeril)erger. 

Aniline purple is almost always prepared by oxidising aniline with potassium 
bichromate and sulphuric acifl, the process originally given by Perkin, A pjiteiit 
has, however, been taken out by Dale and Caro for obtiiining it by treating a salt of 
aniline with cupric chloride. Another mode of prmiuciiig it is to heat a solution of 
aniline in hydrochloric acid with chloride of lime. Wlieu aniline hydr(X!hloride is 
treated with a very dilute solution of chloride of lime, not in excess, a blue compound is 
protlucod, called Runge’s blue ; this indeed is the w^dl-known reaction which gave 
rise to the name Kyanol^ formerly applied to aniline. This blue is very unstable, 
but Perkin has lately succeeded in obUiining it in the solid state by treating a solution 
of aniline wdth dilute chloride of lime and adding common salt. The colouring 
matter is thereby precipitated in an impure state ; but by treating it with cold ether 
«)P benzol, a large quiiutity of brown impurities is separated, and the Runge’s blue 
is left in the solid state. It dissolves in alcohol, forming a blue or nearly blue 
solution, which, however, changes spontanetmsly into mauve in a day or two, and 
(juickly on boiling. Silk dyed with the blue likewise assumes a mauve colour when 
steamed. 

In Franco, aniline purple is sometimes rnanufaciuroil by the action of chloride of 
lime on a solution of aniline in hydrochloric acid, the crude product being purified in 
the same nninuor as that obtained with bichromate. The ))r(Hluct thus obtained is 
said to be more abundant than that yielded by Perkin’s process ; but the colour is 
lurjre reddish and is not so highly valued. 


2, Methyl an i 1 i n e Violets. —These dyes, pr<Kluccd by the oxidation of methyl- 
aniline and dimethylanilino, were discovered by J.Hiith {Rip. Chim. apjK 1861, 
p. 345), and the methods of preparing them have recent ly Ijeen irnprovo<i by Poirrier 
Hiul Chappat {Bull. Soc. Chim. [2] vi. r)<)2). 

The prepanvtion of methylaniline on the large scale is clfertod : o. Ry heating iH 
iTiixturo of aniline hydrochloride (100 pts.) and methyl alcohol (50 to 80 pts.) to 
250° or 300° in enamelled iron vessels, for three or four hours. The product, 
Consisting for the moat part of methylaniliiie hydrochloride, is decompf)se<l by an 
alkali and puritiotl by di.stillation. — /3, Ry lustting b) 300° for seveml hrmrs a 
mixture of 100 pts. aniline, 50 to 80 pts. m»*thyl alcohol, and 100 p1«. sal-ammoniac ; 
the product is methylaTiiline itself. — y. Ry treating aniline with methyl nitrate, 
either in the cold or at 100° ; in the latter case the reaction is very quick. — 8. By 
heating aniline with methyl chloride, either in an open vessel or under pressure. 
The pr<xluct of either of these reactions is usually a mixture of methylaniline and 
di methylaniline, the latter, of course, increasing with the quantity of methyl alcohol 
employed. 

The methylated derivatives of aniline may bo transformed into violet or blue- 
violet compounds, by the action of various reagents, o,g. by stannic chloride, mercuric 
iodide, iodine chloride, &c. The reaction usually takes place at about 100°, 
producing colouring matters which incline to blue in proportion as the kuiline ii 
more methylated ; and in any case a violet once obtained may be rendered bluer by 
treating it after piirification with an alcoholic iodide. The following are some of the 
processes recommended ; — 

tt. Addii^ 6 to 6 pts. of stannic chloride by small successive portions to 1 pt. of 
methylaniline ; heating the mixture td 100° fill it becomes very thick; the 

product several times with a caustic alkali to rehiove tin ; and purifying the 
violet by the methods adopted for most aniline colours.—/®. Thi^tannic chlorid# flaajT 
l>e replaced by iodine chloride 'diluted with 5 or 6 times its weight of water, or by a, 
mixture capable of producing it: 100 pte, of methylaniline, for example, beiitf 
treated with 20 pte. of iodine and 20 ptii W potassiOT ehlorate.-^. I’ pt. <3 
methylaniline, 1| pt. mercuric chloride, and'^ l pi. potassium ehlorate.^^« t 
mothylaniline, Z of mercuric iodide^^imd 1 pt- of potassium ch)e«^,^*--f. 1 
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of methylaniline, and 3 to 4 pts. of benzene hexchloride, the mixture in this last case 
being heated to 150°-160®. 

The violets obtained by these several reactions are soluble in water, alcohol, and 
acetic acid. They are fixed upon tissues by methods similar to those adopted for 
other aniline colours. Nothing is known respecting their composition. X 

3. Mauvanilino and Violaniline. These compounds are formed, together with 
a yellow body, chi 7 sotoluidine, in the preparation of rosaniline by the oxidation of 
aniline with arsenic acid. It is well known indee<l that the quantity of rosaniline 
obtJiined by this proc.esa does not amount to more than half of that wliich is indiciited 
f>y theory, the second lialf of the aniline being converted into a black matter 
insoluble in water. These residues were for some time regarded as useless for the pur- 
poses of the dyer; but the recent experiments of Paraf {Bull. Soc. Chim. [2] vii. 92) 
have shown that they may be made to yield colouring matters available in dyeing 
and calico-printing ; and those researches have been completed by Girard and I)e 
Laire {ifnd. p. 366), who have obtained from these residues the bases above 
mentioned. 

100 pts. of commercial aniline boiling at 183° to 188° (containing 2 pts. aniline to 
1 i)t. tohiidine) are heated to 170° for live hours with 164 pts. of a solution of arsenic 
acid of the strength of 70 p. c. The product is exhausted with water, which dissolves 
arsenate of rosaniline, and the residue contains the arsenates of mauvaniline, 
vi<danilino, and cbrysotoluidine, together with various impurities* The mixture of 
these salts is decomposed by boiling with caustic soda; and the precipitated bases are 
1 i' 0 !ito<l with dilute hydrochloric acid, which dissolves the mauvaniline and chrysoto- 
luidino, leaviug the violaniline imdissolved. The hydrochloric acid solution is mixed 
with common salt, which precipitates hydrochloride of mauvaniline, while the chryso- 
(oluidine salt remains in solution. The maiivanilioe is precipitated from the solution 
of the hydrochloride by the addition of an alkali. 

Violaniliuo, mauvaniline, rosaniline, and chrysotoluidino form a homologous series, 
as shown by the following formulae ; 


VSolauUinOi 

2C«H’N 

Aniline. 


CH'N - 

Aniline. 

SH" 

C'8H'’N* = 

Mauvaniline. 

2C«H’N 
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+ 

- 

Tolukiine. 

3H‘ 

Hoflaniline. 

0«H’N 
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3H» 

C2‘H2’N* =. 

Chrysotoluidlne. 

C’H’N 

Toluidlne. 

+ 

2C»H«N - 
Toluidinc. 

3H’ 


Mauvaniline is insoluble in water, soluble in alcohol, ether, and benzol, and forms 
fCyfitals conbvining Its salts ate soluble in water, forming solutions 

of a fine reddish -violet tint, which they likewise imjmtt to fabrics in dyeing. 

Violaniline exhibits similar properties, but is insoluble in ether and in benzol. 
Its salts are not of much value for dyeing, as they pfoduCe merely dull bluish violet 
colours. 

Mauvaniline treated with aniline yields phenylated derivatives analogous to the 
phenyl-rosanilines ; with the iodides of ethyl and methyl it also- forms ethylated and 
methylated derivatives similar to those obtained in like manner frfim rosaniline. 

4. Violets derived from Rosaniline. — a. Violet imperial. The colouring 
matters known by this name are produced by heating a rosaniline salt with a quantity 
of aniline less than sufficient to form aniline blue. They were at first regarded as 
mixtures of aniline blue (triphonyl-rosanilino) with itaAgento, but Hofmann has 
shown that they are definite compounds. Viz. monophenyl-rosaniline, G*®H**(C*H*)N*, 
and diphenyl-rosaniline, C2‘'H‘’(C*H»)2N» the former producing reddish-violet, the 
laltor bluish-violet dyes. A method of obtaining these Violet compounds simulta- 
neously with aniline blue has already been described (p. 160). 

0. HofmanrCs Violets . — These compounds, consisting of triethyl- and trimethyl- 
rosaniUne, are described in vol, iV. p. 471. They may be rendered soluble in water by 
libeiTating the base by nieans of a boiling solution of soda, and redissolving it in an 
acid (Duprey, Bidl. Chim. [2] vii. 95). 

Piefat© of triCthylTOflaniline yields in dyeing very besntiftil green tints (Keisser, 
Monitmr scient\f. 1867» p. 536). 

y, Vi^ets oblained byj^titution of other radicles for the hydrogen of rosaniline . — 
By heating 6 pte. of u^nto dissolved in 30 pts. of alcohol of 90 p. c. with 4 pU. 
pf brominated oil of turpentine to 160° in a closed vessel for eight hours, -PerUn nas 
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obtained a fine violet dye known as the Britannia violet It possesses the golden- 
f^eon lustre so common to all the aniline colours ; is easily fusible, amorphous, and 
very soluble in water. It is very extensively omploycKl for dyeing and printing, and 
can be pi^uced of any shade from purple to a blue violet. 

"Vfanklyn, by heating equal parts of roaaniline, alcohol, and isopropyl iodide to 100® 
in a closed vessel, obtains a violet compound, the b:ise of which may be isolated by 
boiling with an alkali. - 

Smith and Sieborg {Deutsche Industrie-Zeitung^ 1866, p. 488) employ for the same 
purpose the iodated and brominated deri\'atives of acetone. 

Lastly, there is a dye called Dahlia impkrialy of a very pure violet colour and soluble 
in water ; but its preparation is kept secret. 

Aniline Tellowa* Those colours have not yet atbiincd any considerable import- 
ance in dyeing or printiiig, Chrysanilino, is doscribcnl in vol. iv. 

p. 473. 

Chrysotoluidine. — The formation and preparation of this sub- 

stance have been described in connection with mauvaniliiio (p. 168). It may also bo 
obtained by heating cryshvllised toluiilino, or the crude anilines distilling between 
196® and 205®, with carbon trichloride. It is separated in the manner already 
indicated ; the process may however Ik) siniplifieil by rejwated treatment with 
zinc end hydrocnloric acid, whereby the rosaniliiio is separated in the form of 
leiicanilino. ^ 

Chrysotoluidine treated with alcoholic iodides yields fine roseate shades ; with aniline 
it forms maroon-coloured products. 

l)iazo-am idobenaeno and Amido- di phony 1 i m ide. — These 

ihonioric compounds are both pDOduced by the action of nitrous acid on an alcoholic 
solution of aniline, the fornior at ordinary, the latter at higher tomporaturos : 

2C"H’N + NO^U ~ C'ni“N» + 21PO. 

Diazo-emidolienzeno or az^idiphonyldiamino is described at p. 460, vol. iv. Amido- 
diphenylimide is identical with a yellow subsbince wliich HehilF obtaineil (Compt. rend. 
Ivi, 1234) by the action of stannato or antirnonato of WKliuni on a salt of aniline. It 
may bo prepared by heating to 100®, 10 pts. of water, 1 part of aniline nitrate, and 
3 pts. of sodium stannate, then gradually adding caustic soda. A brisk reaction is 
thereby sot up, and the operation may lie regarded as terminated when the liquid 
assumes a rea colour on lioing mixed with an acid. It is then loft to cool, the stannic 
oxide is removed by moans of hydrochloric acid, and the residue is purified by repeated 
solution in dilute Iwiling hydrochlcjric acid and precipitation with ammonia. 

Amidodiphenylimido is a yellow crystalline powder. All its solutions when slightly 
acidulated dye silk and w(X)l of a deep loraon-yollow colour. The picrato dies wool 
with a colour approaching to cochineal-rcd. Heatxsd with aniline it yields a blue dye. 
A very remarkable circumstance connected with these isomeric aniline yellows is that 
they are Volatile and may be removed from tissues by the mere application of heat 
(Martius ar. Qriess, Bull. Soc. Chim. 1866 [2] vi. 158). 

Toluidine treated with nitrous acid or with sodium stannate yields a compound 
homologous with amidodiphenylimitlo (Martins a. Gries). 

Jacobsen (Deutsche Indueirie-Zeiiunp^ 1866, p. 458) produces a yellow co^enuring 
matter by mixing 100 pts. of aniline hyclrochloride with 400 pts. of water and ^0 pts. 
of mercurous nitrate. After 24 hours, the mass is redissolved in boiling water, which 
on cooling deposits the product in a state of purity. 

ZinaUne. — This name is given by Vogel (J, Chem. xciv. 468) to a yellow 
colouring matter which he obtains by the action of nitrous acid on aniline, or on any 
of the colouring matters derived from it. It is describcMl as a substance havii^ a fine 
yellow colour, insoluble in water, soluble in alcohol, ether, chloroform, acids, and 
Hlkalis. Tlie alkaline solution has a splendid fed colour, and on addition of acid 
deposits the sinaline with its original yellow tint. Zinaline is moderately stable, not 
being altered by oxidising a^nts or by sulphurous acid. It melts below 100®, and 
at a higher temperature gives off thick yellow vapours, then suddenly takes fire 
with a slight detonation. Vogel assigns to it the formula C**H**N*0*. 

UsBs oV AKiLixrB Coixjtms.— 1. In Dyeing and Calicoiprintina . — The aniline 
Coloutti art mostly organic bases or salts, and thereby differ essimtiaUy from most of 
the vegetable coloring matters, which are weak acifls. Hence Considerable difftenltj 
was at first found in their application to dyeing and printiDg^lijliiee they wonld noC 
«>tnbine with the o^nary mordants used for the colouring num|f,0f dye-wtiode, each 
alumma and oxide of tin* These observations refer to the o^ng ai^ printing of 
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vegetable fibres, and not to silk or wool, as these materials absorb the aniline colours 
without the intervention of a mordant. 

In silk-dyeing the principal difficulty experienced in applying those colours was 
owing to their great affinity for the fibre, which interferes with the production of an 
even colpur, especially in dyeing light shades. After a time, however, it was found 
that this obstacle could be overcome by dyeing the silk in a weak soap-lather to which 
the colour had been added. This not only cjiused the dyeing to proceed with less 
rapidity, but also kept the face of the silk in good condition. Silk dyed by this pro- 
cess is loft soft, but may afterwards be rendered bard or ‘ scroop * by rinsing in a bath 
of slightly acidulated water. This process was first used for dyeing silk with the 
mauve or aniline pui’ple. It has, however, been since found suitable for nearly all 
the aniline colours, as magenti, Hofmann and Britannia violets, &c. 

The pr»)ces8 of 'printing silk with aniline colours is comparatively simple. An aqueous 
or alcoholic solution of the C{)louring matter is thickened with gum Senegal, printed 
on with blocks, and when dry, exposed to the action of steam for about half an h(mr. 
The gum is then washed off, and the goods arc finieliod. 

A discharge style may bo produced on silk dyed with magenta by printing on it with 
powdered fsinc mixed with gum. The msaniliuc, is thereby converted into 

loucanilino, the compounds of whieh are white. The same process may be 

applied to any of the coloured derivatives of magenta. Two colodrs may in like 
manner he produced on silk (for example, a green ground with purple spots) by taking 
silk ilycd with any of the, derivatives of magenta, and printing it with the disebarge 
previously mixed with the colour it is desired ti> introduce, of course employing a 
coh>uring matter which is not affected by the discharge, as aniline purple, aniline 
pink, &c. 

The dyeing of wool with aniline colours is a very simple process, the wool being 
merely worked in a hot acpioous solution of the desired colouring matter, no mordant 
being required. Acids are generally found to bo injurious, and therefore a neutral 
hath is preferred, the operation being finished by bringing the temperature nearly up 
to that of boiling water. With Nuholson’s the process of dyeing is <bfferent, and 
consists of two distinct operations, the wool being first worked in an alkaline solution 
of the colour, which gives it a kind of grey or slate shade, and then in an acid bath, 
which develops the colour. 

printing oi Wf)ol is similar to that of silk, the colouring matter being simply 
thickened with gum, printecl on the goods, steamed, and then wnslied. 

For dyeing cotton, mordant.s are re(iuirod. The ordinary mordants, such ns alum, 
are of tto use, for the reason above mentioned. The method devised by Perkin and 
Pullar, depending upon the insolubility of the compounils which these colours form 
with tannin, is described, with reference b) aniline purple, in the article Dyeinq 
( ii. 357). The cotton is first soaked in a decoetiou of sumach or other tanning agent, then 
in a solution of sodium stannate, and lastly in water acidulated with sulphuric acid. 
Tile cotton thus prepared contains an insoluble compound of tin and tannin, which 
possesses a great affinity for aniline purple and nearly all the other aniline colours. 

For printing calico with aniline colours, the method now almost universally om- 
ploved IS thut of Perkin and Schultz, which consists in printing the colouring matter 
with a mordant composed of a solution of aluminium arsenite in aluminium acetate. 
On SttJiEilming the cloth printed with this mixture for about half an hour, the colour 
is firmW in the fibre. After steaming, the goods are generally soaped and then 
finished. One of the great advantages of this process is that it can bo worked in 
patt^s with a groat variety of colours ; it is also suibiblo for nearly all the aniline 
col<sh|ti» as the mauve, yielding shades of great brilliancy. 

The application of aniline Uack to calico-printing has been already noticed (p. 160 

also iv. 456). 

Other uses of Aniline Colours . — Although the chief use of those colours is for dyeing 
and calico-printing, they are, nevertheless, employed in the form of lakes in severs 
other branches of indu.stry, as in lithography, type-printing, paper-staining, &c 
These lakes are usually prepared by adding to the solution of the colouring matte: 
mixed with alum, a certain quantity of tannin or benzoic acid, which forms therewitl 
an insoluble compound ; some manufacturers likewise odd soap. 

The lakes thus prepare<l are now used t« a largo extent for paper-staining. The" 
are likewise employed in lithography and type-printing ; but for these latter purpose 
special j^perations ore more frequently used. Sometimes the lithographic ink o 
Varnish is mixed with starch-powder stained with an alcoholic solution of the require 
aniline colour ; sometimes the varnish is mixed with the dried precipitate obtained b 
adding water to a mixture of an aniline colour with an alcoholic solution of resin 
sometimes again the base of the colouring matter is dissolved in oleic acid, whereby 
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tniitlure is obtained directly applicable to printing or litliography (Dingier* s poly t. J, 
cixxx. 165 ). * , . . I 

Aniline dyes are likewise used for colonring a variety of objects, (men as soaps, 
vinegars, and paraffin, for staining horn, ivory, &c. Methods of staining horn and 
wood with these colours are described by Stubenhach {Bull. Soc. Chim. [2] id. •d). 

The jXKJuliar bronze surface produced by cvapoiating a solution of an aniline colour 
has been inatle available for giving such a bronze surface to various articles of dross, as 
bonnets, flowers, and feathers ; when thus used, however, the colours require a fijting 
agent, otherwise a shower of rain will wash thorn out. 

jA.arZ8AaiKXO ACX1>. See Amidanisic Acii> (p. 172). 

ii.SrXSXh>CikBKPKOR. See Akktuol (p. 156). 

^flLirXSHinMtnr* — A body forinod, together with acetic acid nod other 

products, by the action of acetyl chlori<lo on anisic aldt liydo : 

2C«HW + CTi’oci = iici + 2U‘0 f 

The mixture heated to 160° for twenty-four hours yields a black mass, from which 
water and ammonia exivuct a small quantity of anisic aci(i. 'The anishnniin, which is 
the chief product, is dark-coloured, insoIul)l(5 in water, ammonia, soda-loy, alcohol, and 
ether (A, Ib^ssel, Zeitsehr. f. Chmi. [2] v. 653). 

AltrZSZO ACZXIa C*II"0*. — Zonrns (Ann. Ch. Pharm. ciii. 388^) prepan^s this 
acid by oxidising anise oil with clironiic acid, namely by ad<ling 1 pt. of anise oil and 
7 pts. of strong sulphuric .acid to a solution of 0 pts. potassium dichronmte in 9 pts. 
of water cx^ntaiued in a cjipax'ious vessel. When the action is over, cold water is 
ndtled and the precij)it4itcd anisic acid, amounting to 50 p. c. of the oil, is crystallised 
from alcohol, I..adonburg {ihkl, cxli. 241) pours 1 pt. of anise oil into a soltUiivn of 
6 pts. potassium chromate in 10 pts. sulpliuric acid and 20 i)l8. water, lieated tx> 60°, 
filters the liquid when cobl, and separates the anisic acid from the chromo-alum 
formed at the same time by solution in ammonia; it is then precipitated from thor 
ammonium salt by hydr<K’likjric axuxL Anise x)il thus treated yields from 66 to 7^ 
p. c, anisic ax'id. Erdmann (./. pr. Chem. Ixxi. 198) has obtained anisic acid 
(together with picric, oxalix*, and hytlrocyanic acids) by the oxidising action of warn# 
nitric acid on carajuru or chieu, the red cc>loiiring matter of liignonia Vhica (i. 747). 

Anisic acid has the constitution of mothy l-paraoxybenzoic acid, C'IP(CH*)0^ 

( OCTP 

or and may bo converted intx) panvoxyl)cnzoic acid by heating with 

concontmtexl hydrixxlic acid (iv. 353) or with hydrcxhloric acixl (Gracbo, Ann^ Ch^. r 
Pfuirm. cxxxix. 134), ioditle x>r chloride of nudhyl being formcxl at the same time : o.g. 
C^n-O* + HCl .= C’H-0» 4 CU*C1. 

Conversely, paraoxybonzoic acid may bo convx^rtxnl int/O anisic acid : a. By treating 
ethyl paraoxybenzxxite, C’IP(C*1P)0’ (a crystalline ether prepared by passing 
hydrxxdiloric acid gas into an alcoholic solution x»f the acid, procipitafhig with water, 
drj’ing over oil of vitriol, and distilling), with strong sxMla-ley, or ad4jmg''J|pdium ti^, 
its othcrc;il solution, whereby it is convortoxl intx) sfxlium-othyl 
C’H*Na(C^II*)0*, and heating the alcoholic solution of this scxlium-ether^llpt^^^.l^ 
hours to 110°-120° with metliyl icxlido. EUiyl anisiite is then formi^ tO 

the equation : ■ 

- Nal + 

Bortium-ethyl, Ethyl " ? 

Paraoxybenzoate. AnidUse. 

From this ethylic ether the acixl may be obtainexl in the usual way(Clraebe, 

Monopotassic paraoxybenzoate, (>'H‘KO*, obtained by neutiralising the acid witlt 
the theoretical quantity of potassium carbonate, is converted into the dipotassio salt 
< by treatment with potassium hydrate ; and this when treated with 

methyl ixidide is converted into the raethylic ether of methyl-poiaoxybenzoic acid hg 
methyl anisote : - ^ 

°*HicO’K + “CM - 2KI + 

Dipotaasic Methyl 

PMwoaTbenooabe. 


^ ■^P', 

To prepare this ether, the calculated qusntitieB of mcmoBottUMiie ponil^benzoiede, 
hydrate, and methyl iodide heated tegether ui'^i^Maled l^be to 120^» 
t)n treating the oontents of the tube with water, the methfleuiitete •eraxatee ai on Oii 
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which dissolves in other, and separates therefrom in the crystalline form. This ether 
boiled for a long time with strong potiish-ley, dissolves and forms potassium auisate, 
from which anisic acid (melting at 17o°) may be separated by hydrochloric acid. By 
using ethyl iodide in8toa<l of methyl iodide in the above reaction, [ind proceeding in 
the san^ way, ethylparaoxybenzoic acid, the next higher 

homologue of anisic acid, maybe obtained (Ladenburg, Ann. Ch. Pharm, cxli. 241; 
JahresK 1866, p. 388). See Pakaoxybbnzoic Acid in this volume. 

y. Anisic acid is also produced by the oxidation of the methylic ether of crosol, 
C*HXOCH’).CH*. This ether is prepared by treating cresol with methylic iodide 
and a little methyl alcohol in an apparatus so arranged that tlie condensed vapours 
may flow back again, the vessel being plunged into cold water if the action becomes 
too violent, afterwards gently heated, and the product washed with water and csiustic 
potash, then purifled by distillation. Tlie colourless liquid thus obtained, boiling at 
174°, is convorteil into anisic acid by heating it with potassium dichromate and 
sulphuric acid in a flask with upright condensing tube (Korner, Bull. Soc. Chinu [21 
X. 468.) 


Anlsates* (Engelhanlt, J. pr. Chem. xxiv. 41 7-) — Anisic acid is monobasic, the 
formulae of its salts being M'C*1P0* for univalent and for bivalent metals. 

Anisates corresponding Uy the bimetiillic or so-cjilled basic salicylates (v. 164) liave 
not been obtained, excepting in the case of the lead-salt. The potassium salt KC^II^O* 
crysUillises from alcohol of 70 p. c. in thin nacreous laminai. Tlie similarly 
prepared sodium salt forms shining transparent rhombic laminae, 2NaC“H^0MI'-^0, 
which, by prolonged contact with the m<Ahor-liquor, are converted into efil orescent, 
apparently monoclinic crystals, cmitaining NaG«H^0^.5H=*0. The barium salt 
Ba XG^H'O^)* crystallises in thick, colourless, shining rhombic plates ; the strontium 
salt Sr''(C“H’0^)’*.H‘-*0, and the calcium salt Ga"^(G*H'0^)“.H''O, in laminfB w'hich give 
off their water at l40O-170° The magnesium salt Mg''(C'*ir0=*)2.4H>0 dissolves 
easily in water and in alcohol, and crystiillises from the latter in stellate groups of 
flexible needles. The normal lead salt Pb"(G“H’0®)^.H‘^0 is obtained by precipitating 
ammonium anieate with lead-acotato, as a heavy white powder, which crystallises from 
hot water in shining laminae, fusing, with loss of water, between 80*^ and 90°. A 
boiling solution of this salt yields with basic load acetate, a salt containing 
2Pb"C*H"0*.H20, which becximos anhydrous at 140°. The greenish blue precipitate 
thrown down by anisatc of sodium or ammonium from a cupric salt is a mixture of 
anisic acid with a basic salt (Zorvas). According to Schiff 1862, p. 204), a 

blackish-g^een diammoeiipricmium anisate, (N2Gtt''Am2H<)(G‘'lP0^)2.2H*0, is obtained 
by dissolving cupric anisato in ammonia and leaving the solution to evaporate in an 
atmosphere of ammonia. 


Nituanisates.— The potassium salt KC"IP(N02)0MI'-^0 crystallises from alcohol 
in shining elongated tables ; the sodium salt NaG^H^CNO'OOMl^O, from water and 
alcohol, in yellow needles; the barium salt Ba"[G«H«(N0'^)0‘‘]2.4H20, and the 
strontium salt are white flocculont procipitites ; the calcium 

Ga'[G'*H®(N0*)0’]^.4H'^0 when re-crystallisod from water forms microscopic 
flexible needles. The lead salt Pl/'[G“H‘‘(N02)0“]2 crystallises in noodles which 
explode violently at a red heat (Engelhardt, loc. cit.). 


AmMaoittc Aoid« C"HTNI1^)0* = C®H*(NH*) | ^5^, dr Oxganisamic add^ 

/‘i?* H. ) K 

I *™properly calleil Anisamic acid (i. 296)< — This acid, like other 

forms ciystallinc compounds with mineral acids. With hydrochloric 
C‘*}I‘’NO*.IICl, which crystallises in slender white needles 
Rl^iliH^ly soluble m water and in boiling alcohol, sparingly soluble in dilute aqueous 
hydrochloride forms with platinvc chloride a double salt, 
InO ,HC1).^CI^, which pystallises in golden-yellow needles easily soluble in 
With nitric acid^ amidanisic acid forms the compound 
C- H NO , easily soluble in hot water and alcohol, sparingly soluble in nitric 
acid, and erysteUising therefrom in tufts of prisms. With sulphuric acid it 'forms 
the compound 2C H NOMI*SO\ which has a saccharine taste, dissolves easily in 
Bii 322) ^®*^^***®® alcohol in silky needles (Cahours, Ann. Ch. Phys. [3] 

distilled with excess of caustic baryta or potash is decomposed, 
w h foi^tion of a n 1 8 1 d i n e, C’^H’NO* (Cahours). Dissolved in excess of nitric acid 
and subjected to the action of nitrogen dwxide, it is converted, with evolution of 
nitrogen, into a crystalline non-azotised acid (Cahours). By the action of nitroua 
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acid or a nitrous ether, not in excess, on its cold alcoholic solution, it ia OOilTerted 
into diazoanis-amidanisic acid. (Griees; 

see iv. 289) : 

2C»H‘'NO» + HNO* = C‘«H‘*N*0« + 2H“0, 


Amidaxisic Ethers —The cthulic ether C*H"(C*H*)NO* is prc^uced by the action of 
ammonium sulphide on an alcoholic solution of ethyl uitranisate (i. 302). The solution, 
concentrated by gentle heat, and filtered from septirated sulphur, yields ethyl 
amidauisatc, on further evaporation, ns an oil which crystallises after some time, and 
may be obtained by repeated crystallisation in colourless prisms easily soluble in 
warm alcohol, less soIuIjIg in ether. It dissolves easily in aque ous alkjilis and forms 
crystalline compounds wuth acids. The hi/drochtoride C'’H"(C^II*)NO’.HCl forms 
crystals soluble in alcohol and ether, colourless after reervstjilHsation ; the platino-^ 
chloride ‘2[C“ll"(C-H')NO*.HCl].PtCl'' separates from alcoholic solution in brownish- 
red prisms, which become dull on exposure to the air, and are insoluble in ether. 

Methyl Amidauisatc, C®H'*(CH*)NO^ is prepared like the ethyl compound, which it 
resembies. Its hydrochloride crysbvllises iu small shining prisms, and unites with 
pl.atinic chloride, forming the compouml 2[C‘‘IP(CIP)NO“.IIUl].rLCl*, which crystal- 
lises from alcohol in rodclish prisms (Cahours, loc. cit.). 

.A.so-aiilsio acid, is produced by the action of sodium-amalgam on 

an alkaline solution of nitranisic acid, acidulated towards the end of the reaction. A 
c(dourod substance is thereby protluced, the ammoniaciil solution of which deposits, 
on addition of barium cliloride, a small quantity of a retl barium salt, and afterwards, 
in a cbjsod vessel, yellow crysbils of bariion azoanisate, C“*Il''''BaN“0*. The acid 
sopjiruted from this barium salt is yellowish, insoluble in water, alcohol, and ether, 
and does not reduce silver solutions (Alexejoflf, Comjit. rend. Iv. 473 ; Strocker, Jahresb, 
18C3, p. 347). 

Cbloranlslc and Bromai^lalc Acids (lioinocko. Bull. Soc. Chim. [2] vii. 177). — 
The monochlorinated and monobrdminatod acids, producixJ by the action of aqueous 
clilorine an<l bivimine on anisic acid, are dcscribotl in vol, i. 301, 802. 

Dichloranisio acid, is pnxhicoil, together with tetrochloroquinone, by 

t reating anisic acid with hytirochloric acid and potassium chlorate in presence of a 
largo quantity of water. It crystallises from alcohol in large shining needles, 
instduble iu water, melting at 19G°. ^ ^ ^ » 

I)if)roma7iisic acid, C'*H“Ilr^O^, is produced by heating anisic acid with bromine Iftnd 
water t 4 ) 120®. It rosemblos the d I chlorinated acid, molts at 207®-208®, and sublimes 
in long beautiful needles. 

Both these acids dissolve without decomposition in hot nitric acid, and atfs deposit^ 
therefrom on cooling ; the monochlorinated and monobrominatod acids are easily 
fh:c(>mp<.>swl under the sumo circumstiincos, with loss of CO® ; a similar de^mposition 
of the dichlorinated and dibrorainaUd acids takes place only after long boiling. 

I)il<romjiiiisic acid subjected to the prolonged action of bromine and water, is 
converted into tribromanisol, according to the equation : 



C^Il»Br®0> ■¥ Br* - C’H‘‘Br»0 + CO® + HBr. 

Tribromanisol crystallises from boiling alcohol in colourless needles, whidhnMlt ut 
87®, and may be sublimed. Bromine converts it into tetrabromoquinone^ 
dtjobtless with simultaneous formation of methyl bromide. ^ 

Xodanlslo Aoid« C‘II'10’. — Qriess obtained this acid, together with thd I 
of ainidanisic acid, by the action of, hydriodic acid on diazo-amidanina 
Ch, Phar?n. cxvii. 1). It is also produced ^probably in a different modH 
the action of iodine and iodic acid on anisic acid (Peltzer, BuU^ 
ix. 148): 

6C"H*0» + HIO* + 2P « 5C“HaO» + 3H*0. , 

The materials, in the proportions indicated by the equation, are heated togwllter ror 
about six hours to The acid is nearly iniKlluble in water, wheu^ 

cfjld ; dissolves in 165 pte. of cold ether, and is somewhat more soluble in boU)^ 
ether and alwihol. The solutions depKisit the acid in needle-shaped crystals having a 
vitreous lustre. It melts at 234*6®, and sublimes at a somewhat low^^temperatara 
in small nacreous laminm. Nascent h^'drogen converts it into anisie • 

Ammonium iodanisate forms small groups of hard, white, needle-shaped cvystali 
which give off ammonia at 100®. The barium salt Ba(C*H*IO*)*-8H*0 forms vitieoiui 
prisms several lines long. The calcium salt Ca(C"H*IO*)*.8H*0 is more soluble 
than the barium salt, and crystallises In small oaereons nsedles. The Uad ssd$ is e 
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soluble in boiling n^ter, and crystallising therefrom in 
anhyd^wT^^j^lifcopic, fusible laminse (Peltier). 

A6l4t (yik.^0*, l&omologous wltb Anlaio A.oia. This acid, isomeric 'with 
phlorotic acid, is produced by boiling anisic cyanhydrin, C*H<(OCn*).CH'-'CN, with 
strong potash as long as ammonia is evolved, and treating the resulting solution 
with hydrochloric acid. The now acid then separates as an oily liquid, which dissolves 
in ether, and remains on evaporation as a yellowish^ oil, to be purified by solution in 
caustic soda, roprocipitation, and cryshillisation from water. It tlion forms nacreous 
laminae, melting between ‘86^ and 86®, easily soluble in alcohol, ether, and boiling 
water, very slightly soluble in cold water. By decomposing the easily soluble sodium 
salt with silver nitrate, the silver salt is obtiiined as a precipihite, very 

slightly soluble in cold, more soluble in boiling water (Cannizzaro, Ann. Ch. Pharm. 
cxvii. 243). 

.ailflrZSXC A&COBOXit — This alcohol, though it contains two atoms 

of oxygen, does not exhibit the propertic'S of a diatomic alcohol, having only one 
atxjm of liytlrogon replaceable by alcoholic or acid radicles.. It is, in fact, the alcohol 
con-es) onding to anisic or metliyl-paraoxyheuzoio acid, and is represented by the 
formuhi. 


c*n^ 


OCH» 


which evidently contains only one atom of typie hydrogen. When treated with 
hydrochloric acid, it exchanges the group OH for Cl, and is converted into anisic 

chlorhydrin, C®H‘’OCl or compound heated to 100® for 

sovernl days with an equivalent quantity of sodium methylate and an excess ^>f methyl 
alcohol, is converted into the methylic ether of anisic alcohol, or 

CH* I QjpQQjj, On filtering from the sodium chloride formed at the same time, 

evaporating, adding water, dissolving the oil thereby sepanited in absolute alcohol, 
and rectifying, this ether is obtained as a colourless liquid, boiling coust-intly and 
without decomposition at 225*5® under a barometric pressure of 758 mm. (Cannizzaro, 
Ann. Ch. Pharm. cxxxvii. 244). 

Th^methylic ether of anisic alcohol is isomeric with the dimothylic etlier of 
benaytw glycol, C“IP.CH(OCH^)*, obtained liy heating diehlorotoluene, CHi^Cr^ or the 
ispipeTiic compound called chlorohenzol, CHT^.f'HCP, to 100®, with an equivalent 
quaniHy of sodium methylate. The product thus obtained does not exliibit a 
constaiw bculling point, but its properties are quite distinct from those of the methylic 
ether of anisic alcohol, inasmuch as when heated to 100° with strong acetic acid, it 
Isigiolved into methyl acetjitc and benzoic aldehyde (bitter almond oil) : 

C*^*.CH(OCH»)* + 2CHPO(OH) 2C*H*0(OCIP) + C•'II^CHO + H*0 ; 

Dimethylio Acetic acid. Methyl acetate. Benzoic 

benzyl glycol. aldehyde. 

whereas methyl-anisic ethGr» treated in like manner does not yield a trace of benzoic 
aldehyde (Cannizzaro, Ann. Ch. Pharm. cxxxvii. 244). , 


AimiZC A&BBHTZIS. C*1I"0* (i. 807),— A. Rossel {Ann. Ch. Pharm. cli. 

■ vis compound by oxidising anise oil with chromic acid ; 300 grms. strong 
and 850 grms. water are poured upon 200 grms. potassium dichromate 
18 flask ; 100 grms. of anise oil are added after the liquid has 
>led ; and the whole is 'vigt^usly shaken, the temperature of the 
to 70®-80°. Wlien the ronctidft is complete, the liquid is diluted with 
im© its volume, and distilled, -warm water being adde<l through a 
) replace that which distils off. In this manner a quantity of anisic 
tained equal to 60 p. c. of the oil of anise used, together with 10 p. c. 

aldehyde does not become dark-coloured by keeping ; it boils at 
a pressure of 733*5 mm. (?), has a density of 1*228 at 18°, and 
dissnl'V'CB in. sttong sulphuric acid with a colour of carmine, turning to 'violet on 
heating (Bof^l). For the action of 8<Klium amalppim, see the next page. 

Axrzsi^o OSMiUrrBXUSr. C-U*(0CH*).CH*C1. — See Anisic Alcohol. 


Aznsxc crrAmrninr. C®H*N0 - C«H*(0CH>).CH»CN.— obtained as a 
brown oil, by h<iitfiing an alcoholic solution of anisic clilorhydrin with ^tasainm 
cyanides distiltihi^^^ the alcohot from the filtered liquid, mixing the residue 'with 



ANKCHN^-^OL. 

water, agitating with ether, and erapMting the ethereal solutioii ( 

Ch, Pharm. cxvii. 243). 

AJrxsxo pnrACOXTB. See HtdrjlNisoin, under ANisoiir. 

AWZSXSnrs. See Amiuo-iibthtlpubnol, under PHENOL-UBBXTATiyBS. 

AXrZSOnr. This name was originally applicxl to a crystalline isomeride of 
anothol, hotter called anethoin <p. 156). It lias lately been given hy Rossel to a 
pjlymeride of anisaldehyde, rtdated to that compound in the same manner 

as benssoi'n to hitter almond oil. This hvidy is ohhiined hy adding to dilute alcohol 
containing a very small quantity of pohissium c^'uniiio, as mticli anisic aldehyde as 
it can take up 'without turbidity, leaving the solution to itself for three months, then 
midiug water, and aglhiting. Anisoin then crystallises out, and may ho purified by 
rccrystallisation from hot aloolvd. It forms ct)lourless and inodorous needles, 
six-siflod prisms with pcrpetulicular ond-facos, or six-sided pyramids ; melts at 
109°-110*^ ; is nearly insoluble in water; dis.solves with difficulty in cold alcohol and 
ether, more easily on heating, and especially in boiling alcohol. Strong sulphuric 
acid dissolves it, with red colour, rapidly changing to pale green, and on heating 
to yellow, then at a much higlier temperature to a splendid purplo-rod. Dissolves in 
alcoholic potash, M’ith violet colour, which disappoe.rs on boiling with a sufficient 
excess of potash (Rossol, Zei/aehr.f. Oum. [2] v. 5C2). 



Bydranisoln and Xso-ltydranUoin. C'®11‘"0' (C. Saytzeff, ZMtschr. f. Chem, 
[2] iii. 678 ; Ssirnosadsky, ibid,, iv. 641 ; llossel, ibUL v, 662). — Those isomeric bexiies, 
included by Samosadsky under the name of anisic pi nacones, are produced by the 
action of sodium amalgam (containing 3 p. c. S(xUum) on anisic aldehyde in alcoholic 
solution. The liquid after thre^o days deposits colourless tabular crystals of 
hyd rani SOI n, apparently consisting of rhombic pyramids with predominant pina- 
coiilal faces. This substance is insoluble in cold water, very slightly soluble in ynirm 
■vv.ttcr, somewhat more in ether, easily in hot alcohol. It melts at 172®, and resolidifies 
at 140®. Whou distilled in a stream of carbon dioxide, it partly sublimes undecom- 
posed, and is partly converted inU> anisic aldehyde. By distillation in the air, anisic 
acid is likewise produced. Ilydranistun is strongly altackwl by concentrated nitric 
acid, with evolution of nitrous fumes, turning red and separating as an oil, which 
graihially dissolves, the solution yielding crystals of nitranisic aldehyde, HydranisoYh 
treated with poia^ssium dichromaic and sidphuric acid, emits a strong odour 
aldL'liydc, and forms a solution which deposits anisic acid. It is not acted by 

potash either in aqueous or in alcoholic solution. With phosphorus pentachloridi it 


yields unisyl chloride. 

Iso-hydranisoin separates from the alcoholic solution of anisic aldel|pie 
with B<Klium amalgam, only after addition of water. It crystallises in slei^ev 
laced needles, and when boiled with water, partly dissolves, partly separates 
drops which solidify in the crystalline form on cofding. It is extremely solulp^MH; . 
alcohol and ether, and reacts with nitric acid, sulphuric acid, and chromic 
same manner as hydranisdin, / 

Bosoxyanlsoin, is produced by Ixnling hydranisoin or iso-hydraSso¥n 

with dilute sulphuric acid ; separates from the solution in oily drops, which solidify 
on cooling ; and may ho obtained by rccrystallisation in tufts of needles. It dissolvcn 
easily in alcohol and ether, melts at 95®, and solidifies agafi^.in the crystalline fonii, lM^ 
Very slowly, often not till cooled to 20®; reacts neutral; is converted Iqr ojudaSM^' 
with chromic acid mixture into anisic aldehyde and anisic acid (Kossel). 

A cornp*>uiid isomeric or polymeric with aeeoxyanisom is obtained by th^ 
tin zinc and hydrochloric acid on anisic aldehyde or hydranisoin, and 
piiratwl from the resinous product of flic reaction by ether, in which it is 
It is a colourless crystalline bocly melting at 216®r«»Tiot coloured by 
dtssfdving with dilfictdty in alcohol, and only after long boiling (SamosaoiilmHH^' 
AirxS08AZj;cnO&« C*»Il‘*Ob-8ee SALiCTLOt, t. 170. - 

AWZSTntXC ACX1>. Found in the urine after anisic acid ha« W i.n1 

(Oraebe a. Schultzen, Ann. Ch. Pharm. cxlii. 346). 

Airxa&ZTB (i. 307). — This variety of dolomite occurs in rhom|M)|i0dbKi^ 
twin crystals (R : R terminal — 106®*!'), iwscompanied Ify rodc-<n 7 Stal, aip^ponite, 
calcite, in cavities in a decomposed siderite, on the Ersberg, near Voni^beM^ 
Stvria (2iepharov!ch, Jahresb, lS67f p. 1007). An analysis by Beibenachnh (WUl^ 
Akad. BiT. Iv. [21 648) gave 43*69 p. c. CaCO*, 1377 MgCO*, 3*76 ICnCO*, attd 
4100FeCO»(« 10011). ^ 

AirOXi or Aunzo BMU rOXi. bg 
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prolon^^ heating of ptpifiod anise-oil with potassium hjrdrate. On adding water to the 
product, a small quantit;^ of unaltered anethol separates as an oil, while potassium 
auolate remains in solution ; and on decomposing this solution with an acid, carefully 
avoiding rise of temperature, anol separates in yellow flocks, which crystallise from 
hot water in white shining laminae. Anol melts at 92-6®, boils at about 250°, and 
dissolves in alcohol, ether, and chloroform ; it does not, however, always crystallise 
from these solutions, but sometimes passes, especially on exposure to the air, into a 
brown liquid insoluble in hot water (Ladenburg, Cliem. Ge»dUch, 1869, p. 371 • 
Zeitschr. f. Chem. [2] v. 675). 

AITTBAACSSriS. (Berthelot, Bull. Soc. Chim. [2] vii. 223; viii. 238; 

ix. 296. — Graebe a. Liebermann, Zeiischr. /. Chem. [2] iv. 279, 603, 724 ; v. 602 ; vi! 
267 ; Ann, Ch. Pharm. Suppl. vii. 267. — Fritzscho, N. Petersh. Acad. Bull. xi. 385 ; 
xiii. 631 ; Jahreah. 1867, p. 600 ; 1868, p. 433).— The name anthracene has been 
applied to two different hydrocarbons, viz. the compound examined by Fritzscho 

and Anderson, described in vol. iv. pp. 850-852 (as paranaphthalene), and the com- 
pound examined by Dumas a. Laurent {Ann. Ch. Phya. [2] 1. 187), first called 

paranaphthalene, and afterwards by Laurent, anthracene. Berthelot regards this 
last compound as methyl-anthracene. Graebe a. Liebermann have, however, shown 
that the analyses which Dumas a. Laurent gave of their hydrocarbon are not sufficiently 
exact to decide between the formulae and CGI'®; that, on the other hand, the 

analyses of Laurent’s anthracenuse agree very well with the formula and not 

at all with Laurent’s own formula, C’^IPO*. The so-called anthracenuse is therefore 
identical with the compound called by Anderson oxanthracene^ by Graebe a. Lieber- 
mann anthrat^uinone^ and appears to have been obtainetl from a mixture of hydro- 
carbons consisting mainly of It- may be concluded therefore that the 

hydrocarbon C*'H‘= has no existence, at least as a constituent of coal-tar. Fritzsche’s 
photene is identical with pure anthracene, 

The preparation of anthracene from coal-tar, according to Anderson and Fritzsche, 
is given in vol. iv. p. 350. Fritzscho’s latest method is as follows : Crude anthracene 
is dissolved in hot coal-tar naphtha, and the less fusible portion which separates out 
each time is repeatedly crystallised till it exhibits the crystalline characters to be 
presently described. The yellow colour, arising from chrysogon, which obstinately 
adheres to it, may bo removed by exposure to sunshine. Lastly, the hydrocarbon 
must be boiled with alcoholic picric acid, to remove any possible trace of a more 
soluble hydrocarbon of higher boiling point. Berthelot rectifies the solid protluct of 
t&e distillation of coal-tar, collecting apart that which passes over from 340° to a little 
the boiling point of mercury ; distils again, arresting the operation at 360° ; 
residue in boiling coal-oil (B. P. 120°-150°) ; presses the crystals which 
.JgO.O^sited from the solution on cooling; and repeats this operation four or five 
HSttes. The product is then rocrystallised from alcohol, and the purification is finally 
eOttij^ted by cautious sublimation in an ordinary retort. 

4|nhracene may bo forme<l artificially: 1. By heating benzyl chloride, C’H’Cl, 
with water to 200°, dibenzyl, being probably formed at the same time according 

to the equation, 

4C’H’C1 = C'’H»® + C‘GI'* + 4IIC1 



3C«H‘® - 3H» - 2C»H* + C‘®H® 


Xjlono. Toluene. Naphthalene. 

2C»II* - 3n* -= C'<II‘® 

Toluene, Anthracene. 

3. By passing a mixture of benzene and ethylene gas or cinnamene vapour, or 
chrysene vapour with ethylene gas, through a red-hot tube ; also by 
hmixture of benzene and naphthalene to a white heat (Berthelot) ; 

2C«11® + C»ID - 3H* + C'*I1'® 

Benzene. Ethylene. 

C®H® + C«Il» « 2H» -I- 
Benzene. Cinna- 
mene, 

C'*H*® + =* 2II* + 

Diphenyl. Ethylene. 

+ (PK* =s C»H* + 

Chryaena. Bthylene. 

C‘®H* + 30H* « 3H* -I- 2C'*® 
naphthalene. Benzene, 
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4 By heating alizarin with rinc-dnst — a mixture of metallic sine, zinc*oxide, and 
sine hydrate — the hydrogen required for the transformation being supplied by the 

hydrate . C*<H*0* + H* + Zn« « 4ZnO + C**H*«. 

A mixture of 1 pt alizarin and 30 to fiO pta. of go<^ zinc-dust is placed at the closed end 
of a combustion-tube, a layer of sinc-dxist several inches long being plac^ in front of it 
and about 6 inches of the tube being left empty ; the unmixed sin^Uit is then heated, 
and afterwards the mixture is gradually heated to low redness. The quantity of anthra- 
cene thus obtained is about 30 per cent, of the alizarin used, the calculate quantity 
being 74 per cent. The loss arises from the formation of secondaiT products. 
Anthracene may be obtained in like manner from purpurin, ; chrysophanio 

acid, or ; and alo'm (Graebe a. Liebemiann). 

Anthracene crystallises in well-defined four- or six-sidetl tables having a dazzling 
white lustre and a beautiful violet fiuorescence, which however is exhibited only when 
the crystals are quite pur© and white (Fritzscho ; sec also Perkin, Chem. Soc, J. [2] 
ix. 22). From large quantities of the alcoholic solution, still coloured yellow oy 
chrysogen, it separates in mouoclinic crystals exhibiting the combination oP . ooP , + P . 
+ 2Poo, and having their axes a (clinod.) : b : c (principfil) == 1422 : 1 : 1*878 
(Fritzsche). It melts at 2 10° -212° (Fritzscho), at 213° and distils at about 360° 
(Oraebe a. Liebormann). By prolonged exposure to liffkt it is converted into an 
isomeric body, paranthracone (paraphotone), which forms microscopic flat crystals, 
or f(iur-sidcd tables, melting at 244°, nearly insoluble in all solvents, not attacked by 
strong sulphuric acid, by ordinary nitric acid even at the boiling heat, by bromine at 
100°, or by a solution of bromine in carbon bisulphide ; reconverted into anthracene by 
fusion. 

Anthracene heated to 280° with 100 times its weight of strong hydriodic acid is 
transformed into several hydrocarbons of the paraffin series viz. totradocane, 

(''*H**, as principal product; septane, C’H**, in considerable quantity ; sextano, 
and ethane, C*H*, in smaller quantity ; also a somewhat considerable quantity 
of an oily, nearly solid paraffin, probably C*"H“, which does not distil over at 300°. 
The formation of the first two and the last of those products is represented by the 
equations 

+ 20HI = + lOP; + 22HI « 2C»H'* + IIP; 

2C»«H>» + 38H1 - + 19P; 

while the soxtane and ethane are formed thus: 


-t- 24in - 2C*H*® + C*H® + 12P. 

With a smaller quantity of hydriodic acid (20 times tlie weight of the l&li 
the principal product is toluene: 

+ 6HI - 2C'H» + 3P, 
with traces of bemo no and ethane: 


CUH'® + SHI - 2C*H* + C*H* + 4P ; 

and a small quantity of a liquid hydrocarbon volatising above 260^, apparency » 
hydride of anthracene: 

+ 2ni « + P. 

Anthracene is converted by oxidising agents^ as by a mixture of potassium dichromate 
and sulphuric acid, into anthraquinone, identical with Anderson’s 

oxanthracene (iv. 362). 

Respecting the conversion of anthracene into alizarin, see ALizaBfir 

(p. 83). 


Antturacene Sj'drldes. The dih^rids is formed by heating* 

to 150 °- 160 ° with hydriodic acid ana red phosphorus; also by gramuilly 
t^xlium amalgam to anthracene gently warmed with alcohol of 95 per cent, in if flask 
with upright condenser, and neutralising the product from time to time withaa acid till 
a ^mple of the product melta at 106 °, or no longer tarns red when heated with pierio 
acid and benzol. It melts at 106 °, sublimes at about the same temperatare, boils 
without decomposition at 806 °, crystallises in tabular momxjlinic oombinatjoas 
. — P oo ; has a peculiar odour, especially strong when the substance is heated ; 
is insoluble in water, but dissolves very abundantly in alcohol, ether, and benz^f 
distils with vapour of water or alcohol ; does not fluoresce in tha aoM stats, but its 
solutions exhibit a blue fluorescence, ftxong sulpkurio acid at 100° sonvirta it iota 
anthracene : 

C«H« + SO*H* - 4- 2H*0 4- SO*, - . > 

N 


jys 4m'imACENE. 

lalpbo-acida of antbraeaoe being formed as secondary pn^ncts. Sromiae added to 
a solution of the dihydride in carbon bisulphide produces dibromantbracene: 

+ 3Br* « C»*II*Br2 + 4HBr. 

With less than 3 mol. bromine to 1 mol. of the dihydride, part of the latter remains 
unaltered, no reproduction of anthracene taking place. The dihydride heated with 
dilute nitrio yields a number of nitro-products, amongst which is dinitro- 
anthraquinone (Fritesche’s reagent, p. 180). It is not altered by boiling with 
iodine in alcoholic solution, and not perceptibly altered by sodium amalgam (Graebo 
a. Liebermann). 

T\i<dhexhydride, is obtained by heating the dihydride to 200®-220° for ten or 

twelve hours with hydriodic acid and i to J pts. by weight of amorphous phosphorus, 
washing the product with water, separating it from unaltered phosphorus by solution in 
alcohol, pressing the residue between bibulous paper, and distilling : the portion which 
boils at 290^ is the hexhydride. It melts at 63^, dissolves easily in alcohol, ether, and 
benzol ; crystallises therefrom in laminae ; is resolved at a red heat into hydrogen 
and anthracene ; and is much less acted upon by nitric acid than the dihydride. 

A tetrahydridG of anthracene does not appear to exist ; the dihydride treated with 
hydriodic acid alone is partly converted into hexhydride (Graebe a. Liebermann).* 
BromanthraceneSi Dibromanthracene, C’^H^Br^, was first obtained by Anderson 
(iv. 351). Graebe a. Liebermann prepare it by treating anthracene under carbon 
bisulphide with 1 mol. bromine. It forms long yellow needles which melt at 221° 
(according tx) Anderson at 182°), dissolve easily in benzol, sparingly in alcohol and 
ether. With picric acid it forms a red crystalline compound ; with sulphuric acid, a 
sulpho-acid. By nitric acid it is easily converted into anthraquinone. It is not 
altered by boiling with potash^ either in alcoholic or in aqueous solution ; but when 
heated with alcoholic potash to 160°-170°, it yields anthracene, together with 
aldehyde and acetic acid ; probably thus : 

CMH«Br2 + 2KHO + C^H^O =* + 2KBr + + H^O. 

Monobromanthracene does not appear to exist. 

lyihromanihraccne-tetrahromide, C’‘H"Br*, is produced by spreading dibrom- 
anthracono (1 mol.) on a glass plate, and placing it under a bell -jar, together with a 
capsule containing the requisite quantity of bromine (2 mols.) ; washing the product, 
after complete absorption of the bromine, with ether; and recrystallising it from 
benzol ; + 4Br^ =* 2UBr + C‘*H®Br‘^.Br*. Anderson obtained the same 

compound (iv. 352), hut regarded it as anthraccne-liexbromide, It melts 

between 170° and 180° (at 182°, Anderson), and is at the same time resolved into 
tfibromanthracono, bromine, and hydrobromic acid : 

C'^H^Br® ^ C’^H^Br* + Br^ + HBr. 

Tribromanthracene^ obtained by heating the preceding compound to 200° 

as long as vapours of bromine and hydrobromic acid are given off, and crj'stallisiug 
the residue from benzol, forms yellow noodles sparingly soluble in alcohol, easily in 
benzol, melts at 169°, and sublimes in needles. By nitric acid of sp. gr. 1'4, or, 
better, by chromic acid and glacial acetic acid, it is converted into dibrom- 
anthraquinone : 

C>*H^Bi‘> + = Br» + C‘«H'Br02.; 

It unites directly with dry bromine, forming C‘*H’Br>.Br< (Graebe a. Liebermann). 

Tetrahronnanthraccne. (obtained by Anderson, who regarded it as dibrom- 

anthracone dibromidc, C'^H^Br^.Br*). — Prepared by adding a strong aqueous solution 
of to pt. potassium hydrate to 1 pt. dibromanthraaene-tetrabromide heated with 
alcohol in the water-bath, and reciystallising the yellow product from commercial 
benzol of high boiling ptiint. Melts at 264° (at 238°, Anderson), and is converted 
by oxidising agents, especially by nitric acid of sp. gr, 1'4 and potassium dichromate, 
into dibromanthraquinone (Graebe a. Liebermann). 

dUoraatliraoenes. Anderson obtained the compounds and C'<H*C1 

(iv. 363). Dii'kloranthracene, C**H"CP, is formed by treating anthracene with 
chlorine at 100°, or by exposing it for some time to an atmosphere of chlorine at 
ordinary temperatures. It was obtained in the latter way by Laurent, who. however, 
as^gnod to it the incorrect formula Perkin {Chem. 8oc. J. [2] ix. 14) 

prepares it by passing chlorine gas over benzol holding in suspension about one-fifth 
of Its weight of purified commercial anthracene, until the whole becomes a .crystalline 

• Graebe a. Liebermann formerly stated ihata tetrahydrlde was produced In this manner, but tinA 

non recent experiments show that the product was only a mixtun. 
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pasty mass. The product is then thrown on a linoh £Jter, drained, well washed with 
mid benzol, then dried, and further purided, drat by distillation, then by two or 
tlireo crystallisations froiii benzol. It tlien separates in golden-yellow ne^les. It 
dissolves easily in benzol, sparingly in alcohol and ether, melts at 206®, and 
sublimes in yellow needles. Its solutions, especially the alcoholic solution, exhibit a 
splendid blue fluorescence. It is not attacked by potash-ley. Oxidising agents 
coriA'ert it into anthraquinone, A mixture of the boiling solutions of dichloranthracene 
and picric acid in benzol yields on cooling, small bright rod needles of dichlor- 
anthracone picrate, C‘*H«C1=‘.C«H»(N0=')»0 (Perkin). 

Tetrachlora^ihracene, C'*H*C1*, is prepared by passing chlorine over anthracene at 
170°-180®, treating the product (probably dlchlora-nthracone tetrachloride) with 
alcoholic pobish, and crystallising the resulting yellow compound from benzol. 
Stellate groups of golden-yellow needles, slightly soluble in alcohob somewhat more 
freely in hot benzol, nearly insoluble in cold benzol. Melts at 220®. Converted by 
nitric acid into dichloranthraquinoiio (Graebe a. Liobormauu). 

SulpJio-acids of Dichlor- and Dihrom-anihracme. 

Blaulplio-dlclilorantbraoeiilc Aoid. C’*IPC1‘^S’^0* = 

(Perkins, Chem. Soc. J. [2] ix. 16). — Prepared by adding 1 pt. of dichloranthracene 
to about 5 ptfl. of fuming sulphuric acid, heating the mixture for a short time on the 
water-bath, then grjidually pouring it into several times its bulk of water, neutralising 
witli barium carbonate, and evaporating the filtrate to a small bulk. The sulpho- 
acid then remains as a slimy mass of minute orange-yellow needles, which may be 
drained on a porous tile. It is easily soluble in water j is precipitated therefrom by 
strong sulphuric or hydrochloric acid ; has a strong acid Uiste and reaction. Its 
dilute solutions and those of its salts exhibit a strong blue fluorescence, less 
powerful, however, than tliat of a solution of acsculin. The composition of the acid 
is inferred from that of its s.dts. 

The sodium salt C'<H«Cr'(SO®Na)2 crystAllisos in small orange-red needles easily 
solid lie in water. The barium salt C‘Gl"OPBa(SO®)’‘' is thrown down from the 
solution of the sodium salt by barium chloride, as a canary-yellow precipitiU^ nearly 
insoluble in water. The strontium salt C**II*Cl“Sr(SO®)“ separates on mixing the 
hot solutions of sodium disulphcKlichloranthracenate and strontium chloride, and 
ev:i|)oriiting, in yellow crusts, sparingly soluble in water. The calcium salt obtained 
by neutralisation is yellow and easily soluble in water. 

Pisulphodichloranthrsicenic acid subjected to the action of oxidising agentz 
rapidly exchanges its chlorine for oxygen (0^)", and is converted into disulphanthra- 
quinonic acid : 

C'GI^CP(SO»n)* -t 0* = C'<H“(02)"(S0®H)2 + CP. 

A similar result is obtained by beating the chlorinated acid with strong sulphuric 
acid; thus: 

C‘<H«CP(SO»H)* + SO‘H« = 2HC1 + SO* + C'*H«(0*)''(S0»H)*. 

Btsulpliodlbromantliraoeiilo AoiiL (fPerYm, Chem. Soo. J. 

[2] ix. 19). — Prepared, like the preceding, by the action of fuming sulphuric acid on 
dibromanthracene. It is crystalline, and its dilute solutions are fluorescent, as also 
are those of its salts, but much less strongly than those of the di chlorinated acid. 
The sodium salt, obtained by adding sodium sulphate to the crude solution of the 
acid neutralised with barium carbonate, crystallises in easily soluble microscopic 
needles, containing C'^H*Br*(SO*Na)*. The barium salt C*^H*Br*Ba(SO*)* obtained 
by precipitation is insoluble in water and in hydrochloric acid, even at the boiling 
heat, 

Dlmdphodibromanthracenic acid is converted into disulphanthraquinonic acid bv 
the action of oxidising agents, in the same manner as the dichlorinated acid. With 
strong sulphuric acid the reaction is 

C'<H*Br»(SO»H)* + 2SO"H* = Br* + 2SO» + 2H:*0 + O*R%0*yX&(m)K 

AirTBSACnra-CABBOSnO ACIB. (Graebe a. LiebermaDn, 

JicuL Chem. Ges. in Berlin, 1869, 678 ; Ztitsohr.f. Chem. [2] vi. 213).— Produced by 
melting anthracene with liquid carbonyl chloride (pho^ene) in a sealed tube ta 
for twelve hours. On digesting the contents with dilute sodium carbonate, wbieh 
leaves a resin undissolved, and acidulating the flitrate, antliraeeiie-carbonie acid 
Mparates in light yellow flocks, consisting of interlaced needles. It is nearly 
insoluble in cold water, and but slightly scduble in boilii^ waiter^ frim irbsdl| 

wa 
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however, it may he recryetallised. From alcohol, in which it dissolvee easily at 
oidinary temperatures, it separates in long light^yellow needles having a silky lustre. 
In capillary tubes it melts at 206®, with evolution of carbon dioxide ; but when a 
somewhat larger quantity is slowly heated in an oil-bath, it be^ns to derompose even 
at 150®, yielding a sublimate of anthracene. When heated with soda-lime, or more 
strongly by itself, it is completely resolved into anthracene and carbon dioxide. Its 
salts are decomposed by heat in a similar manner. They are mostly soluble in 
water and in alcohol. The barium salt is white ; the sUver salt exhibits 

under the microscope the appearance of golden-yellow compressed prisms. The 
acid dissolved in glacial acetic acid is converted by oxidation with chromic acid into 
anthraquinone : ^ 

C»<H».CO*H + + H*0 + CO*. 

.A.irTBRAQI7nrOiril. C*^H*(0*)". Laurent’s Paranaphthalose or Anthra- 
cenuse; Anderson’s Oxanthraoene (iv. 352); Fritzsche’s Oxy'photene . — This com- 
pound, related to anthracene in the same manner as quinone, to benzene, 

m produced by oxidation of anthracene, and of its dichloro- and dibromo- 
dorivatives. It is most easily prepared by dissolving anthracene in warm 
glacial acetic acid, adding 2 pts. by weight of potassium dichromate, and assisting 
the action, as soon as it slackens, by heating the liquid on the water-bath till the 
solution has acquired a deep green colour. On diluting with water, and distilling 
the separated well-washed and dried mass, anthr^uinone passes over, while a cinder 
rich in chromium remains behind. For preparation on the small scale it is better to 
use as the oxidising agent a mixture of glacial acetic acid and chromic acid : there is 
then a less abundant formation of the products which carbonise during distillation 
(Graebe a. Liebermann ; Fritzsche). 

Anthraquinone melts at 273® and sublimes in yellow needles, sometimes in thick 
dark golden-yellow prisms. The yellow colour belongs essentially to it, but varies 
greatly in depth, according to the size of the crystals ; finely divided anthraquinone, 
such as is obtained by precipitating a solution in sulphuric acid with water, appears 
nearly colourless, Anthraquinone is a very stable substance ; it withstands the 
action of extremely energetic oxidising agents, and is not attacked by alcoholic pobish 
at 200®, or even by fusion with potassium hydrate. Bromine does not act in the cold 
on anthraquinone eitlicr in the dry state or dissolved in airbon bisulphide ; at 100° it 
forms dibromanthraquinone. When anthniquinone is heated to 150° for some hours 
with hydriodic acid (boiling at 127®) and a little yellow phosphorus, anthracene is 
product, together with a small quantity of anthracene dihydride. Heated with excess 
of zinc-dust^ it yields anthracene, the hydrogen necessary for the formation of that 
body being supplied by the zinc hydrate present : 

+ H’* + Zn* = 2ZnO 4- 

Dibromanthraquinone^ C**HoBr-0*, isobtaineil by heating an intimate mixture 
of anthraquinone and bromine to 100° for a considerable time. A better mode of 
preparation is to heat 1 pt. of tetrabromanthraceno with 2 pts. potassium dichromate 
and 5 or 6 pts. colourless nitric acid of sp. gr. 1'4 in a capacious flask as long as 
bromine continues to escape ; then dilute with water, and recrystalliso the washed 
product from benzol. The oxidation succeeds well also with chromic acid and glacial 
acetic acid. Dibromanthraquinone crystallises in light-yellow needles, sublimes without 
decomposition, dissolves very slightly in alcohol, more easily in.-benzol and chloroform. 
By heating with potash it is convert^ into alizarin (p. 84). 

Monobromanthraquinoney C”H*BrO% is obtaineil from tribrf>manthraceno 
in the same manner as dibromanthraquinone from tetrabromanthracene. It crystallises 
in yellow needles, molts at 187®, sublimes without alteration, dissolves sparingly in 
alcohol, scarcely at all in cold benzol, with moderate facility in hot benzol. Heated 
with potassium hydrate it yields alizarin, according to the equation 

C**H’BrO» -H KHO + H*0 C*"H*(On)*0* + KBr + H*. 

Diehl or anthraquinone^ C'*H®CI*0*, is obtained, though not quite pure, by 
oxidation of tetrachloranthracene. It forms yellow needles, sparingly soluble in 
alcoW and ether, somewhat more soluble in benzol than the correspon^ng bromine 
oompound. 

Dinitro-anthraquinoney C**H*(NO*)*0*, Anderson’s DinUroxanthraeeney 
Fritzsche’s Oxydinitrophoteney is obtained, together with anthraquinone, by heating 
anthracene to 90° with dilute nitric acid. The two bodies are separated by solution 
in boiling alcohol of 96 p. c., which on cooling deposits the nitro-coinpound in 
laminee (Fritzsche, N, Petersb. Acad, Bull, xxii. 43 ; see also Anderson, iv. 352).* 

• Fritxaohe's memplr contains volondnouB directions for the preparation of this oompound in thS 

pore state ; see also Jahresb. /, Chetn, 1808, p. 800. 
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This compound, called * Pritesche’s reagent,’ unites directly with all the solid hydro- 
carbons of coal-tar, and is very useful for effecting their separation. By means 
of it Fritesche has detected six different hydrocarbons in tlie mother-liquor of the 
preparation of anthracene. (See Phosrnr.) The compound of dinitro-anthraquinono 
with anthracene, is obtained in violet laminie belonging to the 

monoclinic system, by dissolving 9 pts. of the nitro-compound and 10 pts. of antliracone 
in 100 pts. of coal-naphtha, and leaving the filtered liquid to cool. 

On Disulphanthraquinonic and Sulphoxanthraquinonic acidst see p. 84. 

AWTZMOmr. Native antimony occurs in veins in Silurian clay-slate in the 
Russel mine, about 70 miles from Quebec (Woisbach, Jahrh. Min. 1867, p. 609). 

Respecting the amorphous or explosive antimony deposited from solutions of the 
metal under certain circumstances by electrolysis (i. 315), the following additional 
iletails have been published by Gore {Chem.^ Soc. J. [2] i. 365). This explosive 
nntimony may be obtained from solutions of the bromide or iodide, as well as from tlie 
chloride of antimony; but its properties differ to a certain extent according to the 
n.'iture of the solution used and the mode of deposition. 

For the preparation of the explosive antimony it is necessary to use weak currents 
of constant strength (three elements of Snice’s or Grove’s buttery) and concentrated 
acid solutions. In elcctr<3ly8ing .a8<)lntion of antimonio\ts chloride (prepared with 1 pt. 
antinionious oxide and 5 or 6 pts, hydr»ichh>ric acid of sp. gr. IT 2), the current must 
he of such a strength that the quantity of metal deposited in an hour upt>n a square 
inch of the negative electrode (which may consist of copper, silver, or platinum) shall 
not 1)0 less than half a grain ; fur as soon as this lower limit is reached, the character of 
the deposit changes suddenly from that of the black amorphous explosive metal to 
that of pure grey crystalline antimony. In the electrolysis of antimonious bromids 
(obtained by dissolving 1 pt. antimonious oxide in 10 pts. hydrobromic acid of sp. gr, 
1‘3) the current must be strong enough to deposit from 3 to 6 grains of antimony per 
s(luaro inch in an hour; for that of antimonious iodide (1 pt. of the oxide dissolved 
in 15 pts. of aqueous hydricKiic acid of sp. gr. r25) the current should doi)osit not more 
tlian a grain of antimony per square inch in an hour. 

The amorphous antimony deposited from the chloride has a density of 5*8. The 
temperature at which sudden evolution of heat takes place from it varies accorrling 
to external circumstances: it begins at 77^, but does not athiin its full intensity till 
Iho entire mass of metal has been heated to 93®-99® ; contact with a red-hot wire or 
scratching with a metallic point sets up the sudden decomposition even at ordinary 
temperatures. If the metal is surrounded by a good conductor of heat, hot water fo^ 
example, the evolution of heat bikes place grailually. 

The metal precipibitod from solution of antimonious bromide is lighter in colour, 
duller, and less compact than tluit obtained fmm the chloride ; its sp. gr. is 6’44. 
When heated to 121°, and then touched with a red-hot wire, it gives off a considerable 
(juantity of heat with explosive violence; if the metal has not been previously heated 
to that temperature, the evolution of lioat is confined to the part touchoti by the wire. 
Scratching the heated substance with a stool j)oint does not give rise to any evolution 
of heat (when heated to 160°, however, it cxphvles spontaneously). When fused in a 
glass tube, it leaves metallic antimony and gives off a volatile substance of buttery 
consjstonco, the quantity of which varies in the <lifferent layers of one and tlie same 
precipitate from 18-4 to 20'5 p, c. : this substance is, according to Gore, a mixture of 
antimonious bromide with hydrobromic acid. 

The third variety of the explosive metal, ohtainoil from the iodide, is grey, scaly, 
of only slightly metallic aspect, and more friable than either of the other two ;• its 
sp. gr. is 6-25. It gives out much less heat than the other varieties ; the evolution of 
heat takes place when the metal is heated throughout its mass to 176^ ; contact with a 
red-hot wire gives rise to it only when the metal has been previously heated to at least 
170°. On the other hand, it is more easily decomposible than the varieties obtained 
itom the bromide and chloride, and often falls to powder even in the electrolytic 
hquid, giving off hydrogen at the same time. When heated in a tube, it yielded 
f2'2 p. c. of a solid fusible sublimate saturated with moisture (antimonioiur 
iodide with aqueous hydriodie acid). 

All three varieties of amorphous antimony, when moderately and continuoosly 
heated to a temperature short of that at which sudden decomposition takes place, 
give off their heat gradually. They cannot long be preserred without alteration, but 
after a year or naore they exhibit an add reaction and sourish smell not belonging to 
thm in their original state, and if then digested with dilute hydrochloric and tartaric 
acid, yield a much larger quantity of soluble substance than th^ do when rscenUy 
prepared. Hence Gore regards the explosive metal as a chemical compoand — ^tlioogn 
unstable and in varying proportknta^f metallic antimony with a salt of antittoiiy. 
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Antimonious fluoride when subjected to electrolysis yields nothing but the ordinary 
crystalline metal. 

Reactions of Antimony. — 1. The characteristic flame-reactions of antimony cure 
described in the article Analysis (p. 133). 

2, Distinction of Antinwny from Tin and Arsenic. — When a few drops of a solution 
of antimony acidulated with hydrochloric acid, but free from nitric acid, are placed 
in contact in a platinum capsule with a piece of metallic zinc, there is formed, 
immediately in concentrated, more slowly in cfilut-o solutions, a precipitate of metallic 
antimony, which is brown or black according to the thickness, adheres closely to the 
platinum, is insoluble in hydrochloric acid either cold or hot, and is easily oxidised 
by boiling nitric acid. Both the trioxido and the higher oxides of antimony give this 
reaction, which becomes perceptible, at all events after an half an hour, even in 
solutions containing only pt. of antimony ; in still more dilute solutions it 

becomes doubtful. T i n-solutions (stannous and stannic) yield under the same 
circumstances an easily loosened deposit of tin, resembling the platinum in colour, 
and easily soluble in hot hydrochloric acid. The same reaction is exhibited by meta- 
stannic acid, when drenched with dilute hydroclilorie acid in a platinum capsule, and 
placed in contiict with metall ic zi nc. Acidulated solutions ofarseuious acid treated 
in like manner with zinc give oiF arsonettod hydrogen, and yield a deposit of arsenic 
which partly adheres to the zinc (never to the platinum), partly floats like flocks in the 
liquid; solutions of arsenic acid behave in a similar manner, but yield a much 
smaller deposit of arsenic. Tin and arsenic cannot be mistaken for antimony in 
this reaction ; moreover, even when present in considerable quantity, they do not 
interfere with the characteristic reaction of antimony ; indeed when tin is present, 
the antimony may bo distinctly recognised in still more dilute solutions, and 
identified by its insolubility in hydrochloric acid (Frosenius, Zeit&chr, anal. Chem. 
i. 444). 

Another method of distinguishing these throe metals one from the other, founded 
on the different behaviour of the sulphides with hydrochloric acid, is given by 
W. Stein {Arch. Pharm. [2] ci. 317). When the mixed sulphides are treated with 
fuming hydrochloric acid, arsenious sulphide alone remains uudissolved. On mixing 
the acid solution with an equal volume of saturated aqueous hydrogen sulphide, the 
antimony sulphide is precipitated, and the filtrate, mixed with a larger quantity of 
the same solution, yields a precipitate of stannic sulphide. 

On the different behaviour of arsonettod and antimonetted hydrogen with iodine, 
see Abskkic. 

Quantitative Separation of Antimony from Tin. — Antimonious sulphide, Sb*S*, and 
stannous sulphide, are converted into the corresponding chlorides by dry 

hydrochloric acid gas, even at ordinary temperuturos ; the antimonious chloride thus 
formed volatilises easily in the stream of gas, while the stannous chloride may be 
heated to incipient fusion without volatilising therein. To render this mode of 
separation available, however, the tin must be wholly present as stannous salt. If 
it is in the form of stannic chloride, the separation may be effected by digestion with 
iron (Uiiii iron plate), in presence of free hydrochloric acid, till the iron is completely 
dissolved ; the antimony is thereby separated in the metallic state, while the 
tetrachloride of tin is converted into the dichloride. About 3 pts. of iron are 
required to 1 pt. of antimony (Tookey, Chem. Soc. J, xv. 462). 

According to dlason (./. pr. Chem. xcii. 477), the separation of tin from antimony 
by means of iron succeeds particularly well when the quantity of tin is large in pro- 
portion to that of the antimony, whereas in the contrary case part of the precipitated 
antimony redissolves in the acid. In such a case, therefore, it is necessary, before 
dissolving the alloy [or other mixture or compound of the metals], to add a weighed 
quantity of tin (from 8 to 10 times the weight of the antimony), which has afterwards 
to be deducted in estimating the tin. Thin harpsichord wire may be used for the 
precipitation, and the wtishing of the antimony (which must be dried at 100® before 
weighing) is best effected with hot water acidulated at the beginning with a few drops 
of hydrochloric acid, and finally with al>solute alcohol containing a few drops of 
ether. Moreover, as the pulverised antimony appears not to be quite insoluble in 
dilute hydrochloric acid, it is best to add iron wire to the solution heated to the 
boiling point as long as it dissolves. After the precipitation of the antimony, and 
complete dissolution of the iron, the decanted liquid, acidulated with a little 
hydrocldoric acid, should bo furtlier tested with metallic iron, to see if any further 
separation of antimony will take place (Clasen). 

When an alloy of antimony, tin, lead, and a little copper is oxidised with nitrki 
acid, either strong or dilute, the< resulting oxides of tin and antimony always retsdn a 
little lead, which cannot be washed out, and the quantity of which is grimier if 
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oxidation has been assisted by heat. The complete separation of lead may, however, 
be easily effectetl by heating a weighed quantity of tho oxides dried at 110° to 120° 
in a slow stream of dry hydrochloric acid gas, till tlie tin and antimony aro completely 
volatilised. Tho solution of the residual loatl chloride is added to the nitric acid solution 
containing tho copper and the princiml part of tho lead, and tho tin and antimony 
in tho distilled chlorides are separated by digestion with pure metallic iron, as above 
described. Tho antimony after washing wiUi cold water is dried at 110° (Tookey, 
loc. cit.). 

Other methods of separating antimony from arsenic, tin, &c., are described in the 
Dictionary under the several metals. 

Volumetric Estimation of Ar^iimony. — Antimonious oxide in alkaline 
solution reacts with solution of itxlino in tho same manner as arsonious oxide 
(i. 265), and may therefore be estimated like the latter. If tho antimony is in the 
form of hirtar-emotic, the solution is previously mixed with excess of sodium 
carbonate, which docs not form any precipitate. Free antlmoniouH oxiilo is dissolved 
in tartaric acid, and then saturated with sodium carbonate. A cximmoreial sample of 
tartar-emetic may be value^l by comparing it, by means (fl‘ sodium carbonate and a 
iionnal iodine-solution, with a pure sample of the salt. 

K. Schneider {Pogg. Ann. cx. 634) etfects the volumetric estimation of antimony 
by treating antimonious sulphide with boiling hytlrochlorie. acid, absorbing tlie 
evolved hydrogen sulphide in dilute ammonia, and titrating with solution of iodine. 
One njolecule of antimonious sulphide, Sb'-S^, thus treated gives olf 3ll'*‘8. To perform 
tho estimation, the antimonious sulpliido procipibitod from a solution containing 
tartaric acid is well washed on a filter, and deconipo.su<l by boating with hydrochloric 
acid in a small glass flask fitted with a delivery-tube, for convoying tho vapours into 
an inverti.'d retort containing tho aijueous ammonia, as in Bunsen's ap])aratus 
represonted in figs. 48, 49, vol. i. p. 266. This retort is filled with deaerated 
water containing from 30 to 50 c.c. of strong aqueous ammonia ; its conteiitJS after 
cooling arc diluted w'ith from half a litre to a litre of deacrato<l water, according to 
thii quantity of antimonious sulphide uschI ; and a measured volume of this liquid, 
still in the dilute slate, is slightly acidulated with suljiluiric iwid, and titrated with 
iodine-solution and starch-s^ilution. Denoting by a the (quantity of hytlrogon sulphide 
corresjxinding to a cub. cent, of irxline-solution, ami l»y t the number of cub. cent, 
of iodine-solution used, the quantity of antimony is given by the formula : 


X 
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a t 
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Tho determination of the hyilrogeri sulphide may be made more exact by receiving 
the gus evolved in the same apparatus in a neutral or slightly alkaline solution of 
sixlium arsenite, and titrating the remaining portion of arsenions jvcid with solution 
of iodine. The solution of the sotlium arsenite contains in tho cubic centimetre 
abtjut 0 005 or 0 006 grm. of arsenious acid, and is most easily compared with an 
io<line-solution of known strength, by mlding to a know’n quantity of tho arsenic 
solution, first a few drops of hydnxjhloric acid sufficient to pnxlucc an acid reaction, 
then an excess of srxiium bicarbonate, a small quantity of starch solution, and finally 
tho i(Kline-solution. Tho hydmchloric acid gas which psisses over into tho reetjiver 
together with the hydrogen sulphiflc soon renders the liquid acid, ami tlirows down 
arsenious sulphide. The contents of the retort when cold are mixed with a little 
tartaric acid and diluted to a known volume, and in a measurtxl portion of tho 
filtered liquid, after supersaturat tun with sodium bicarbonate, the amount of arsenious 
acifi is determined by solution of iodine. Denoting the volume of imlino-solution 
corresponding to the arsenic-solution useil by V, that of the iodine-solution 
corrcspijnding to tlie arsenic-solution after the distillation has been performed, by 
and the quantity of iodine in a cub. cent, of the iodine-solution by a, tlie quantity of 
antimony sought is : 

* = {r - ») a = 006 (F - v)a. 

Ouyard (Bu/t. Chim. 1863, p. 89) gives the following method, founded on tho 
fact that antimonious oxide in dilute very acid solution, ■When freed from all foreign 
metals, is converted by potassium permanganate into antimonic acid, A solution of 
1 to 1 1 grm. of the antimony-compfjund to be tested is supersaturated with ammonia 
and yellow ammonium sulphide, and the antimonious sulphide separated from the 
filtrau by dilute hydrochloric acid is dissolved in strong hydrochloric acid. The 
solution mixed with a little tartaric acid is filtered, freed from hydrogen sulphid^ 
diluted to about a litre, and then titrated with a solution of potassium pennailt^ 
ganate till a* red coloration is produced. The value of this solution must 
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previoTialy fixed by titration with antimonioua sulphide, or, better, with tartar-emetic, 
fiO that 30 C.C. may correspond to 1 grm. of antimony. 

AlTTZMOmr BROMXBB. SbBr*. — ^Nicklis {CompL rend, xlviii. 837) prepares 
this compound by treating pulverised antimony with bromine dissolved in carbon 
bisulphide. The bromide dissolves in the liquid, and crystallises therefrom in 
rhombic pyramids, often assuming the form of flattened prisms from development of 
the end-faces (according to Nicklfes, prisms of 69®, with acuminations of 80® ; angle 
of the contiguous pyramidal faces = 181®). 

AWTZMOlflnr CB&01tZ9BS* When a solution of antimonious oxide or 
antimonious sulphide is distilled with hyclrochloric acid, a portion of that acid passes 
over first, together with the aqueous vapour, and then antimonious chloride, which 
ultimately passes over quite anhydrous. In the distillation of a hydrochloric acid 
solution of antimony containing nitric acid, this acid and hydrochloric acid are 
volatilised, but no antimony, till finally, after all the nitric acid has escaped, a small 
quantity of antimony pentachloride is volatilised (H. Rose. J. pr. Ckem. Ixxvi. 137). 

Antimonious chloride unites with aniline hydrochloride, forming the crystalline 
compound 3C«lI’N.Sb01*, or [(C*H*)*Sb'"H«]"'N* . Cl» (Schiff; see Pjienyl- Ammoniums, 
iv. 47-1). 

When 1 mol. antimonious chloride and 3 mol. alcohol are heated to 150° in a 
sealed tube, ethyl chloride and hydrogen chloride are formed, together with crystals 
of an oxychloride, Sb^O^CV'* = 2SbOCl . (algaroth powder). These crystals are 

monoclinic but nearly right-angled rhombic pisms, having their acute edges bevelled. 
When 1 mol. antimonious chloride is heated with 1 mol. alcohol to 160° for several 
hours, ethyl chloride and hydrogen chloride are also formed, together with crystals 
of antimonious oxychloride, SbOCl. These crystals are soluble in alcohol and ether, 
and are partly decomposed by water into hydrochloric acid and algaroth powder, 
Sb'O^CP (^Schaffer, Zsitschr.f. Chem. [2] iv. 506 ; further, Ann. Ch. Pharm. clii. 314). 

A compound of antimonic chloride with nitrous oxychloride, SbCP.NOCl, is obtained 
bv passing the vapour of nitrogen tetroxido into antimonic chloride. It forms a dry 
sulphur-yellow, very hygroscopic powder, which, when heated, volatilises without 
previous fusion, leaving a small quantity of antimonic oxide. The distillate solidifies 
in the crystalline form after complete cooling. It is decomposed by water, but dissolves 
without turbidity in aqueous tartaric acid (R. Weber, Pogg. Ann. cxxiii. 347). 

Antimonic chloride likewise forms definite compounds with the higher chlorides of 
phosphorus, selenium, and sulphur. The compound SbCP.PCP is produced by heating 
antimonious or antimonic diloride with phosphorus pentachloride, and remains, after 
distilling off the excess of tno more volatile chlorides, as a sliglitly \'olatilo, infusible, 
spongy yellow mass, which quickly absorbs water from the air. The compound with 
2)hosphoric oxychloride, SbCP.PCPO, separates on mixing antimonic chloride with an 
excess of phosphoric oxychloride, as a white, deliquescent, crj^stalline substance, which 
must be dried on a brick over sulphuric acid and lime. The selenium compound, 
SbCP . SoCP, is prepared by treating a mixture of 1 at. selenium and 1 at. antimony 
fused and cooled again, with chlorine, out of contact with air, and freeing the resulting 
whitish mass from excess of antimonic chloride by draining on a brick. Antimonious 
selenide treated with chlorine forms a pulverulent mass, which appears to be a mixture 
of the preceding compound with selenium chloride. The sulphur compound, 
SbCP.SCP, is formed, together with free eulpliur, by the actioh „of dry chlorine on 
antimonious sulphide, and remains, on warming the product, as a dry powder which 
dissolves in dilute nitric acid, without separation of sulphur (R. Weber, Pogg. Ann. 
exxv. 78). H. Rose assigns to this last compound tno formula 2SbCP.3SCP (r. 
536). 

A hydrate of antimonic chloride, SbCP.4H*0, separates, when a solution of the 
chloride in the smallest possible quantity of water is left to stand over oil of vitriol, 
in deliquescent crystals, which may be recryhtallisiBd without decomposition from a 
snudl quantity of water. The trichloride does not form a hydrate under similar 
circumstances. A small quantity of water mixes with it, without turbidity, and a 
mixture of it with a sbmowhat larger quantity of water loft to evaporate over oil of 
vitriol ultimately yields anhydrous ciystals of antimonious chloride. 

JLlsrTZM6irT JT&VOBXBBS. Antimonious fluoride, SbF*, is obtained by 
dissolving antimonious oxide in hydrofluoric acid. The solution slowly evaporat^ 
between 70° and 90® deposits the compound in rhombic octohedrons ; by more rapid 
evaporation it is obtained in prisms, and by still more rapid evaporation in presence 
of an excess of acid, in small scales. Antimonious fluoride is deliquescent, and has a 
sharply acid taste, with styptic after-taste; dissolves easily in water, forming a 
solution which does not become turbid on dilution. The solution, if evaporated 
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in'thoat addition of acid, deposita at a certain degree of concentration an insoIuUa 
povrder, probably an oxjfluoride, which immediately rediseolves on addition of 
hydrofluoric or hydrochloric acid ; the same compound separates when the ciystals 
deliquesce in the air, and when thus formed exhibits nearly the composition ‘ 
2Sl>P . Sb'O* or Sb*F®0* ; it appears also to be produced by the action of hydrofluoric 
ju'id on an excess of antimonious oxide. Antimonious fluoride heated in a retort con- 
tiiining air yields a sublimate consisting of hard, very deliquescent crusts interporsed 
with slender needles, and leaves a copious residue of antimonious oxide (Fliickiger, 
Ann, Ch. Pharm. Ixxxiv. 248). 

Anlimonifuis fluoride unites with the fluorides of tlio alkali-metals, forming double 
salts containing 1, 2, and 3 mols. of alkaline fluoride to 1 mol. of antimonious fluoride ; 
but the last-montionod proportion is known only in the case of the scKliiun salt. 
These double fluorides decompose wliou heated in contnet wnth the air, with formation 
of antimonious oxide. When wrapjwd up in a tliin plate of sodium, and sharply 
struck, they decompose suddenly, with detonation and deflagration. The ammonium- 
,<a/f 2NIFF . S1)F* is obtained by <HssolviMg antimonious oxide and ammonium carbonato 
in excess of hydrofluoric acid and evapociiting. It crystallises in anliydrons rliombic 
tables (oP . oo P . 1*) and prisms ( ooP . j^oo . oof*oo, with the angle oeP : P b= about 
88'^). It absorbs water from moist air, and dissolves in 0'9 pt. w'ater at ordinary 
temperatures, with production of coUl. The solution is acid, attacks glass strongly, and 
is preeipit4ited by alcohol and ether. The <lry salt is infusible,' does not give off 
ammonia at 140°, volatilises completely when quickly heated in an open platinum 
erueiblc, but is partly decomposed by slow heating, giving off ammonium fluoride, 
and leaving antimonious oxide. The lithium .sail 2JhF . SbF* crystallises with difficulty 
in largo ill-defined prisms requiring more than 20 pts. of waU’r for solution. The 
dipofaysic 2KF.Sl)F* is formed by dissolving 1 mol. of antimonious oxide and 
about 3 mol. of potassium ojirbonato in excess of hydrofluoric acid, and separates from 
the concentrated solution in small lamina*, or by slow C4K)ling, and especially when a 
saturated solution is evaporated at 60‘^-70‘^, in largo thin transparent rectangular 
larnirife (jr tables. Sometimes also acute octohodrons or rhombic laminae are formed, 
winch l)ecomo opaque if left in the liqui<! for some days, but by solution or evaporation 
are converted into the ordinary crysUils. Pobissio-antlmonious fluoride is iicid, lias a 
srair ta.sto w'ith ustriiigont arier-tasti', <lissolve8 in 9 pts. of w'ater at 13®, and in less 
than 2 pts. at the boiling heat; insoluble in alcohol and ether. The dry salt does not 
lose w'cight at 120°; it molts at a red heat, and solidifies on cooling to a radio- 
crystalline mass. It etches glass in the moist, but not in the dry state. Tho 
uio»oj)<)ta..s.vc salt KF , SbF* is formed by dissolving 1 mol. of antimonious oxide and 
1 mol, of |>r)tassium carbonate in hydrofluoric acid ; the wjlution siitumted wliilo warm 
yields large hard rhombic crystals, which heeomo Uirbid on exposure to tho air, or 
hv slow'cr cooling in soft slender silky n«o<lle8 ; it dissolves in pts. watar. Tho 
sodium salt SNaF.SbF* is formed by mixing a solution of 1 mol. of antimonious 
oxide (Sb O’) in excess of hydrofluoric acid, with 6 mol. of sodium fluoride (NaF), and 
separates on cooling in small shining transparent prisms. It molts when strongly 
heatwl, dissolves in 14 pts. of water at ordinary teiujjeraturos, and in 4 pts. at the 
boiling heat, forming an acid solution (Fluckigor,Tw.' (dt,.). 

Antimonic Fluoride. SbF* (Marignac, Ann. Ch. Pharm. cxlv. 237). — This 
compound is easily fomiofl by dissolving antimonic hydrato in hydrofluoric acid, and 
remains oqjevaporation in a vacuum as a gummy mass ; the solution, when evaporated 
I’Y heat, lenves a white insoluble residue, apparently an oxyfluoride. By adding potash, 
«etda, or ammonia to tho solution acidulated with hydrofluoric acid, double fluorides 
arc produced, which are very soluble, and crystallise with difficulty ; they are 
pt-rmanent in the air in the solid state, but alterable in solution, and are partly 
converted by repeated eVapomtion into oxyfluorides. Their aqueous solutions are not 
p^ipitated by acids, alkalis, or hydr»3gen sulphide. They are not isomorphous wiUi 
the corresponding double fluorides of tantalum and niobium. 

Ammxmio-antifrumic Jluoride,'SWY iormti needle-shaped hexagonal prisms 
^minated with a rhombohedron, whose terminal edges form an angle of about 
^e solution mixed with excess of ammonium fluoride and left to evaporate deposito 
the dtamnumu salt 2(2NH*F . SbF*) . H*0 in rectangular flattened prisms, exhibiting 
the combination oop. oo(» oo . oP, with P and several undeterminable faces subordinate. 
Angle opP : ooP - 9 ® « P : c» Poo « 134® 25'; ooP : P - 148® 26'. 

manopofassic salt KF . SbP crystallises in thin tablets from a solution of gummy 
potaMinm antimonate in aqueous hydrofluoric concentrated hv evaporation. The 
solution mixed with excess of potassium fluoride and omporated, yielos the dysotas* 
salt 2KP . SbF* . 2H*0 in beautiful shining monoclmic prisms exhibiting tll% 
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combination ooP . ooP oo . [Poo] . +P, ~P. + 2Poo. — 2Poo, the herai -pyramids 
however occurring but rarely and subordiriately. Angle ooP ; oop — ^8^ • 
oop : ooPoo =r 119°; ooP oo : [Poo] = 91°; [Poo] : [Poo] over the principal 
axis — 83° 16 : — P : — P = 92° 50'; acute angle of the axes = 89° 16'. The salt 
melts at about 90° in its water of crysUillisation, and dries up, with evolution of 
hydrofluoric acid, to a gummy mass no longer soluble in water. 

Sodio-antimonic oxyjhtoride^ NaF.SbOF*.H^O, is obtained by adding sodium 
carbonate to a solution of antimonic fluoride containing free hydrofluoric acid, and 
crystallises by spontaneous evaporation in small deliquescent hexagonal prisms with 
rhombohodral or six-sided pyramidal summits. By adding hy<lrofluoric acid to a 
solution of this salt, and leaving the liquid to evap<jrate, sodio-a7iti7nonic jiuoride^ 
NaF.SbF*, is obtained in cube-liko forms, which however are double-refracting. 
It decomposes readily in solution, and on evaporation the oxy fluoride is again 
obtained. 

AXTTXMOSnr Sbll®. StiUne. Antimonetted Hydrogen.-— gas 

has not yet been obtained pure, bnt only mixed with hydrogen. Accoixling to Th. 
Humpert {Chem.%'cntr. 1865, p. 86), a gas containing a rather largo proportion of 
Btibino is obtained by decomposing a concentrated solution of antimonious chloride 
with sodium amalgam, part of the stibino thus evolved being however immediately 
decomposed and coating the sides of the flask with a thick layer of antimony. Kieekher 
{Jahresh, 1867, p. 265) finds that whe‘n antimonious solutions arc decomposed by zinc 
and dilute acid, the quantity of aiitimony precipitated as metal is to that evolved as 
stibino, in proportions varying from 95 : 8 to 96 : 4, so that only a small fraction 
passes off as stibino. 

Stibino is decomposed by strong sulphuric acid (but more slowly than arsine, 
with evolution of hydrogen sulphide, and separation of a velvet-black powder con- 
taining antimony and hydrogen ; also antimonious sulphide, if the passage of tlio 
gas into the acid bo continued for a long time (Humpert, loc. cit.). According to 
Hragendorff (Z<ji^5cAr. anal. Chem. v. 200), stibine, whether dry or moist, is decomposed 
by solid potassium hydrate, which thereby becomes covered with a mebillically lustrous 
film, proliably consisting of poUissium antimonide, which quickly disappears in contact 
with water or moist air. Arsine, on the contrary, is not decomposed by pdash. On 
passing a mixture of the two gases through a tube three or four inches long, containing 
lumps of potassium hydrate about as largo as peas, the stibine is completely absorbed, 
while tlio arsine passes on unaltered. Drying tubes containing p)tash must therefore 
bo avoided in the preparation of stibino, whereas the detection of arsenic as arsine in 
presence of antimony is simplified by their use. Potash-ley of sp. gr. 125 acts upon 
stibino in tho same manner as the solid hydrate, though not so quickly. 

Respecting tho action of iodine on stibine, and the method founded thereon of 
distinguishing antimony from arsenic, see Aii.sbnic. 

A.WTZnKOKnr XOOZSSS. Nickli^s obtains antimonio7i8 iodide, SbI^ in 
tlie same manner its the bromide (p. 184). It forms rod tabular crystals, permanent 
in the air, and consisting of the hexagonal eombination oP . P . &c. ; basal 
angle of the double pyramid, 133°; terminal, 120°. Schneider {Po^g. Ann. cix. 609) 
obtains this compound in crystals of considerable size by heating a mixtiire of 
1 mol. antimonious sulphide and 6 at. iodine. An orange-red sulphiodide then 
sublimes at first, and condenses on the upper part of the flask in small laminae and 
needles, while the tri-iodide SbP condenses on the lower and hotter parts of the 
flask in large, thin, poppy-rod, hexagonal plates similar to those obtained by NickUs ; 
the compound is isomorphous with tho tri-iodides of arsenic and bismuth. It 
dissolves slowly but completely in carbon bisulphide, and separates on cooling in 
small, sharply defined, shining laminjte, of somewhat lighter colour than that obtevinetl 
by sublimation. It is quickly decomposed by alkaline hydrates and carbonates, 
yielding pure antimonious oxide (Schneider). 

Antimonious iodide forms double salts with the iodides of the more positive metals. 
They are prepared by adding pulverised antimonious iodide to warm saturated 
solutions of the several iodides, and evjiporating the filtered solutions at mean 
temperatures. The potassium salt 3KI . 2SbI* . 3H*0 forms dark black-brown rect- 
angular laminae, ruby-red by tninsmitted light, biHioming anhj’drous at 100°, and then 
assuming a cinnabar-red colour. Tho sodium salt 3NaI. 2SbI*, I2H*0 forma light 
orange-red rectangular prisms acuminated by four faces resting on the prismatic 
edges; it becomes anhydrous and orange-colo\ired at 100°. There are thrw 
ammonium salts. A warm saturated solution of 1 mol. of antimonions iodide in 
8 mols. of ammonium iodide first deposits the salt 3NH*I . 4SbI* . 9H*0 in scarlet 
netangular prisms, becoming crimson when anhydrous ; then snccessiTely th© following 
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salts : .2SbI* . 3H*0 in dark black-brown rectangular lamina, ruby-red by trans- 

mitted light, resembling the potassium salt, becoming carmine-red when anhydrous ; 
and 4NH*I.SbI,3H*0,in large almost black rectangular prisms, acuminated with four 
faces resting on the prismatic edges, translucent with ruby-red colour in thin layers, 
ciirmine-red when anhydrous. The barium salt BaP . SbP . 9H*0 forms translucent 
rhombic prisms of 106° 32’ with pQi*pondicular end-faoes, having a vitreous lustre, 
aud translucent, with deep orauge-red colour. All these salts are decompt^sed by' 
water, with separation of antimonious oxy-iodide; they dissolve in hydrochloric and in 
acetic acids with yellow colour, in tartaric acid without colour, give up antimonious 
iodide to carbon bisulphide, aud are decomposed by strong sulphuric acid, with 
separation of iodine and evolution of hydriodic acid. The compounds containing 
fixed metallic iodides are decomposed when heated in a tube, yielding a sublimate of 
antimonious iodide and a residue of the fixed iodide ; the ammonium salts sublime 
completely, with partial decomp<jsit ion aud separation of iodine- vapours (J. Schaffer, 
P<v/#/, cix. 611), 

NickU's {Compt. rend. li. 1097 ; Jahresh. 1860, p. 176) has described several 
groups of double salts of antimonious iodide, which ho finds to bo isomorphous with 
the corresponding bismuth-compounds. Among these he ospocially particularises two 
grtmps, viz. mI.MP.2H*0 and nil.MP.H^O; also the corresjwnding bromides 
mBr.M13r*.HH) [where m = K, Na, or NH\ and M = Sb or Bi], The compounds 
containing 2IPO ciy'stallisc in right rhombic prisms of 97°; those with IPO in 
right rhombic prisms of 135° 35’, with a d<mie and many secondary faces. The 
corupound.s prepared by Nicklts, some of which contain bismuth and antimony 
rophioing one another isomorphously, are: 

a. NlPI.SbP.2lPO 
/8. N}PI.(Bi,Sb)P.2H20 
y, NHU.BiP.lPO 
8. Nal.BiP.IPO 
€. KI.BiP.H^O 

The compounds a, 7, 8, and t were obtained by the action of iodine or bromine on 
antimony or bismuth, in presence of a saturated solution of ammonium, potassium, or 
sodium chloride ; a double iodide or bromide then crystallises out, while a double 
ehloriile remains in solution. J3 ciy^stallisos from the mixed alcoholic soiution of 
P'ltassio antimonious io<lide and ammoiiio-bismuthous bromide. 9 crystallises, 
together with other compounds, from a solution of antimony in alcohol containing 
icxiido or chloride of potassium ; C fj^nt a solution of bismuth in alcohol or ether 
conUiining bromine and a little ammonium bromide. The crystals of a are rod, of 0 
black (red when pulverised); ( forms yellow needles. These double salts are 
decomposed by water, and even by unsaturated solutions of alkaline chlorides, 
bromides, or itxlides. Most of them are rendered turbid by alcohol, but C is soluble 
in that liquid. They give up the whole of their water over oil of vitriol, as well as 
when heated to 100°; some, especially a and appear to undergo decomposition at 
that temperature. In violet light these double salts acquire a reddish etdour, 
especially the bismuth-compounds, which are for the most part yellow, brown, or 
black ; the black iodide of bismuth likewise turns red in violet light (Nicklis). 

The isormorphism of corresponding bismuth and antimony compounds is also 
confirmed by Linau’s investigtitions of certain double salts of bismuth iodide, which 
aj)jxar to have the same crystalline form as the analogous antimony-compounds 
examined by Schaffer. See Bishuth. 

Antimonic Iodide, Sbl‘, is formed, according to Van der Espt (Arch, Pharm. [2] 
cxvii. 116), by heating 1 pt. of antimony with 6 pts. of iodine ; it then sublimes in 
red transparent laminae, aecomposiblo by water into hydriodic and antimonic acids. 
It is also said to be pr^uced by passing antimonetted hydrogen into an alcohoUo 
solution of iodine. But, as the crystals obtained by these processes have the same 
form as those of the triodide (p. 186), these statements must bo regarded as somewhat 
doubtful. 

03UBBS* Antimonious oxide, 8b®0*, occurs in Borneo in tha 
form <rf a yellowish or reddish-white compact mass, haring a crystalline structure, 
and yieldiT^g a yellowish-white powder. Here and there it occurs in rhombib 
prismatic crystals, half an inch long, with dihedral summits, horizontally striatad, 
and having a nacreous lustre. Sp. gr. 4-64 to 4 68. It app^rs to hare been fornieil 
"J of the trisolphide (antimony-glance), which is found imbedded ii» it 

(rtupeon, 0(mjA,^Taid, lii. 782 ), Hallett and Stenhouse hare proposed the use 
anUmonr tetroxide. prepared by roasting this native oxide, as a adtHtj’ 


i, Ni™r.BiBr».n20 
u. NH^Br.Bi(Br,I)».H20 
9. KI.SbIMJ'^0 
I. NaI.(Bi,Sb)I*.H20 
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pigment. It ha« tlie advautnge of not being blackened by hydrogen sulphide, hut is 
uiferior to zinc-white, barium sulphate, and white lead in whiteness and opacity 
{Rej^tory of Patent Inventimis, 1861, Nov. p. 371; Dirtgl. pol, J. cxiii, 373; 
Hofmann » Report, 1862, p. 79). 

W. Lindner {Zeitschr.f. Ckem. [2] v. 442) prepares antimonious oxide by dissolving 
the native sulphide in a rather strong solution of fenac chloride containing a slight 
excess of hydnxjhloric acid. The antimony then dissolves in a very short time, 
without evolution of noxious gases, and the whole of the sulphur is precipitated. 
By diluting with water, and washing the resulting precipitate, a very pure algaroth 
powder is obtained, which whin treated with soda yields pure antimonious oxide. 

Antimonious oxide is obtained in the prismatic form by the action of water at 150® 
on the oxychloride (Debray, Compt. rend. Iviii. 1209). According to Terrcil {ihid, 
Ixii. 302), the prismatic oxide is always protluced in the combustion of the metal and 
in the roasting of antimonious sulphide ; the octohedral form, on the otlier hand, 
when the prismatic oxide is sublimed at a dull rod heat in non-oxidising gases ; by 
rapid sublimation the octohc<lral crystals are reconverted into the prismatic. The 
two forms may be produced simultaneously by passing a slow stream of dry air 
through a porcelain tube containing a boat filled with metallic antimony, the tube 
being at first heateil only where the metal is placed, but after a few hours likewise 
at the point where the prismatic oxide might condense. Ai’ter the operation has 
boon continued for 12 hours, prisms alone are found in the neighbourhood of the 
metal, prisms with implanted octoliodrons at some distance further, and pure 
octohodrons at the end of the tube. Those artificial oxides ivgree perfectly in their 
properties with the native varieties of the oxide (i. 323). The sp. gr. of the 
artificial prismatic oxide is 3 72, that of the native 3 70. The prismatic oxide is 
more easily attjicked by reagents, and especially more readily dissolved by aci<ls and 
alkalis than the octohedral oxlilo ; ammonium sulphiilo colours it brown-red and 
finally dissolves it. The artificially prepared octohedral oxide has a sp. gr. of 5T1 
(that of 8on:iriaontito is 5 ‘20) ; iu the crystallised state it resists the action of 
anvinoiiinm sulphide, but is attacked by it when pulvcriso<l. The oirtohoclral oxide, said 
to bo obtained by crystallisation from alkaline solutions (i. 323), consists, according to 
Terrcil, of hydrato<.l sodium antinionito. 

A ntimon i tos. — A solution of antimonious oxide in caustic so<la yi»*lds crystals f)f 
sodium antimonite containing 1 or 3 at. antimony to 1 at. sodium, according to 
the degree of concentration. The mono'antimonite NaSbO'*^. 3II *0 or Na O . Sb-O® . 6 If 
which is the salt most frequently obtained, crystallises in octohedrons, apparently 
l.ri metric ; they are colourless, have a strong lustre and a sp. gr. of 2*864. When 
heated thesy give (dF their water and become opa(|ue. They dissolve with difficulty in 
boiling water, and seimrato almost completely as the solution cools. The solution, 
which is usually opalescent, has an alkaline reaction and is not precipitated by acids, 
alkalis, or alkaline earths ; by barium chloride, only after addition of ammonia. 
"With plumbic, cupric, mercurous, and ferric salts, it forms precipitates soluble in 
nitric acid ; wdth argentic nitrate, a white precipitate which is soluble in dilute nitric 
acid, and is first turned brow’ii by ammonia, then decolorised and dis8oU*ed. 
Hydixigen sulphide colours the aqueous solution yellow. The ta^iantinionite 
NaSbO® . SVO® . 11®0 or Na'^O . 8Sb®0® . 211*0 forms less easily than the n\ono-antimonite, 
and is obtainetl only from very concentrated alkaline solutions, in rather large crystals, 
also belonging to the trimetric system, and having a sp. gr. of 5*05. They are nearly 
insoluble in water. By ammonium sulphide, they are first coloured brown-red and 
then dissolved, a character which distinguishes them from the octohedral oxide. 
Potassium «n^t>noni7« has not been obtained in crystals. Those which frequently 
separate from a solution of antimonious oxide in potash-ley consist of the sodium 
salt, and arise from the presence of 8o<la in the potash-ley ; they are also gradually 
formed on adding a sodium salt to a solution of pure potassium antimonite (Terreil). 

Antimonic Oxide and Acid . — Antimonic oxide or acid is reduced by stannous 
chloride in acid solution to antimonious oxide (Streng, Pogg. Ann. xciv. 498) ; and 
this, according to Kessler {Jahresb. 1861, p, 26.5), is not mrther altered, even by 
boiling in a concentrated acid solution with excess of stannous chloride. According 
to SchiflT {Ann. Ch. Pharm. cxx. 47 ; Jahresb. 1861. p. 277), antimonic acid treat^ 
with stannous chloride at ordinary temperatures is convert^ into a yellow substance, 
which, if the action be allowed to continue at 80®, becomes deeper in oolouf, and 
after abo^it an hour’s heating changes into red hydrated stannous antimenate, 
SnSb*0*.2H*0 or Sn0.Sb*0^.2H*0, which becomes yellowish -grey when deprived of 
its water. There appears also to be a stannous di-antimouate, SnO,2Sb*0*, When 
anhydrous antiraouic oxide is heated fur 8 or 10 hours with stannous cMorido to 
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85®-40® a yellow substance is obtained, agreeing approximately with tlio fornmla 
2Sii0.3Sb*0^,4H'^O ; anhydrous antimonic oxide did not yield a brieJs^-red tin salt. 

Potassium aniimonate heated in vapour of carbon bisulphide yields a dark-brown 
product, probably consisting of potassium sulphaiitimonite, KBbS*, formed according 
to the equation : 

4KSbO* + 6CS’ = 4KSbS» + 8CO» + 2CO 2SOV 

Ammonium antimonate is converted by heating with carbon bisulphide into a 
voiiitile ammonium polysulphide and fus^ antimonious sulphide (W. Muller, Pogg, 
Ann. cxxvii. 404). 

Axrroxoira. See Ozonb (iv. 302). 

/UNTTOZOXBTXTB. A name applied by Schdnbein to a variety of fluor-spar, found 
at WdUendorf in the Bavarian Oborpfalz, and at Joachimsthal in Bohemia, in which 
Sc'hrdtter Imd demonstrated the presence of a small quantity of ozone, the minonil 
enjitting the odour of ozone when heated, and liberating iodine from potassium iotlide, 
and chlorine from sodium chloride. Schonboin supposed tliat it contained the eloctro- 
positivo variety of oxygen, which ho designated as autozouo {Jahresb. 18(>0, p. 58; 
18G1, p. 1034; 1863, p. 842). 

ikVPXiB. See Fhuit (ii. 710). 

APPZB-TStBB BABBl. The aqueous decoction of the root-bark of this tree 
yields with neutral lead-acetate a precipitate, the greater part of which dissolves in 
acetic acid. On decomposing the insoluble jK)rtion with hydrogen 8ulphi<]e ainl 
evaporating the filtrate, a syrupy residue is obtained, which when troatoti with alcohol 
is resolved into insoluble pectin and a small quantity of a substance which crysbilliScs 
from the alcoholic solution on evaporation in a vacuum. ^I'his last substance gives 
off G-74 p. c. water at 100°, and its comjx>siti(^»n then agrees with the f irmnla 
(j3tjl8oo'.-7 _ C'U^O** + 3C‘‘1^^0^ The acetic acid solution of the lead precipitate 
yield.s with basic lead acetate a small additional quantity of the load-compound of 
this bo<ly. The liquid filtorcxl therefrom yields on ad<lition of ammonia a copious 
precipitate; and by docompising this precipitate in like manner with hydrogen 
8ulphi<lo and evaporating the filtrate, cirystila of wilcium-phloretin are first obtaino<l, 
from which the phloretin (iv. 492) may l>o separatoil by hydro’hloric acid. The 
raolhor-li<iuor soparatCMl from tlio cjilcium-comjsjund yi<‘ldH with ammonium sulplinlo 
a pna'ipitivte from which (by solution in water contiining acetic acid, precipitation 
with load acetate, and dcH!oinposition of the wasluxl precipitate with hy<lrogen sulphide) 
a tannin is obtained idonticjil with that which is containo<l in liorsc-chestnut bark. 
The stmi-bark of the apple-tree contains a yellow colouring matter (Rocdilodor, «/. 
Chem. xcviii. 205 ; Jahresb. 1868, p. 694). 

APBBOBBSBXW. A sul>stanco contained, according to Kochlodor, in the 
cotyledons of the horse-chestnut (iii. 172). 

APSITM. When an aqueous extract of celory-root (Apium gravetAeju^ is suhjoctod 
to diitlysis, a solution of puromannito first passes through the parcnniorit-pfipcsr, 
then a solution of extractive matter an<l pf>taK8ium salts f)f vegetable acids, whilst a 
liquid remains behind, contAining a substance intermediate in its properties between 
gum and pectin, and gelatinising when mixed with alcohol (H. Reinsch, Jahresl). 
1863, p. 612). 

APBYSZA. The colouring matter secreted by a vesicular organ of the sea-owl 
or lump-fish depilans)^ a gasieropod occurring on the coasts of the Mefliter- 

ranean and of Portugal, is, acconling to Ziegler {J. pr, Chem. ciii. 63), a concentratai 
solution of aniline rod and aniline violet. In the dissolved state this offensive 
amelling colouring matter decomposes very readily. On precipitating it by sulphurii 
acid, and then again from alcoholic solution by common salt, a substance is obtaincK 
which exhibits all the reactions of aniline violet. The red colouring matter, whicl 
remains in solution after the precipitation by common salt, and may be separated b; 
tannic acid, is, like fuchsine, decolorised by ammonia and turned red again by aceti 
acid. 

APOCOBBIWB. See CoBBiirs. 

APOMCOBMUOraU See Morpiiikb. 

APOSOmaze ACZB« C*H*0'. — An acid pr^uced, together with seven 
modifications of tartaric acid, by the action Of nitric acid upon sorbin. The acid syru 
remaining after the dextro- and laevo-tartaric acids have been separat^ as completel 
mi poasible as acid ammoatiim salts, contains aposorbieand mesotartaric acids (v. 688 
Phich may be separated, though not roiy completoly, with eideiam acetate and lei 
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AQUAGE^PT aebutin, 

acetate. The aposorbic acid, which is (wnteined chiefly in the lead precipitate, 
crystallises in cotifnsed laminse, more rarely in thin acute mombohedrons. It dissolves 
in 1*63 pts water at 15°; does not lose weight at 100°; melts at about 110° with 
..loss of water ; boils and becomes coloured at 170° ; and decomposes at 200°, leaving 
a black blistered mass, and yielding a distillate which does not contain pyroracemie 
acid. 

Silver anoHorhafe, does not crystallise. The calcium salt contains 

the lead salt C4^*Pb"0^Pb0. The ammonium salt^ which 
crystnUiscs in tiUky noodles, is csisily solvble, and is not precipitated either bypotas- 
siftm acobito nr by mercuric nitrate; the calcium salt however, like the tartrate, is 
soluble in sni-aminoninc and in potash (Desaaignea, Chim, pure, r. 41 ; Ann. Ch. 
Pharm. Suj)pl. ii. 242). 

AQVACRBPTXTS. A magnesio-ferric silicate from Chester Co., Pennsylvania, 
so called from its property of disintegrating with decrepitation when thrown into water. 

It occurs in a narrow band of serpentine. It is compact, opaque, fragile, with slightly 
conehoidal fracture ; adheres to the tongue ; has a yellowish-brown colour, and yields an 
orange-yellow powder. Hardness = 2*5. Sp.gr. = 2 05 — 2*08. After calcination 
it dissi lives in iiitronniriatic acid, the siliai however separating in flocks; gives by 
analysis 4100-4.3 03, SiO^ 17 00-19*58 MgO, 12*30—13*30 ferric oxide, 

4 0o'- 6 71 aluminii, and 16 to 23 water (G.U. Shepard, Bill. Am, J. Sept. 1858, p. 
250 ; Bull. Soc. Chim. [2] xi. 242). 

ARAGKZBXO ACZ1>. (melting at 75°), is obtained nearly pure, 

together with a very small quantity of oleic acid, by saponifying the fat obtained from 
the kernels of the fruits of NephAium lappaceum, an East Indian plant. This fat 
melts at 05'^, and alb r reorystallisation at 68*5° (Oudemans, J.pr. Chem. xeix. 407 ; 
Juhrvsh, 1860, p. 690). 

ARAVCARZA. In the juice of Araucaria hrasiliana, which solidifies to a rosin, 
Peckolt Cnitr. 1805, p. 1070) found — besides gum, sugar, vegetable mucilage, 

and ('xtraet ive-matU-r — a v<datile oil smelling like oil of juniper, and several resins 
partly .soluble in <‘oId, partly in boiling alcohol. 

ARBtTTZlif. — This substance, discovered by Kawalier in the leaves of 

the v('d be irberry, Areiostophyloi Uva Ursi (i. 354), has been further examined by 
Slreckev (Aau. ('h. Pharm. evil. 229), and by Zwongor and Ilimmelmann {ibid, cxxix. 
20:i), will) liave likewise obtained it from the leaves of a species of winter-green, 
Pyrohi umbrUata. It is pr(‘parc<l by precipitating the aqueous decoction of the loaves 
of eitlier of these plants with biisic lead-acetato, flltoring, removing the excess of lead 
with hydrogen sulphide, and either treating the filtrate with animal charcoal and 
leiivlng it to crystallise (Strocker), or evaporating and digesting the residue witli a 
mixture of 8 pts. ether and 1 pt. alcohol, which dissolves out the arbutin, and deposits 
it on evaporetion in the crystalline state (Zwongor a. Himmelmann). 

Arbutin crystallises in tufts of colourless silky needles, having a bitter tasta, easily 
soluble in uleohol and in boiling water, very sparingly soluble in ether, melting at 
17U'’. Wlien dried at 100° it exhibits the following composition : — 


Calculution. 


Analyses. 



i^walier. 

Strecker. 

^went^ a. 
HimmeJmann. 

(MS _ 144 _ 52*6 

62*4 52*6 

52*6 581 

626 

H'« - 16 - 5*9 

0» - 112 - 41*5 

62 6*1 

6*9 69 

6*3 

272 - 100*0 





Kawalier represented it by the formula requiring 62*5 C and 6*0 H ; but 

this formula, though it agrees closely with his analyses, does not explain the tians- 
formations of arbutin so well as the formula C**H*"0^ proposed by Strecker. ^ 

Crystallised arbutin (air-dried) c(>ntains 51*0 p. c. carbon and 6*3 hydrogen, agreeing 
nearly with the formula 2C**II'*’0M1*0 (Strecker) ; the water of ciystalBsation 
(3*2 p. c.) goes off at 100°.* 

The solution of arbutin is not precipitated by plumbic or ferric salts, and does not 
reduce an alkaline solution of cupric oxide. When boiled with dilute sulphuric acid, 

* Zwengcr a. Himmelmann obtained, with orbatin prepared from winter-greeu {bat BOl with tlUKt 

pcepand from bcarberry), crystals containing 2 at. or 11*7 p. c. water. 
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or subjected in aqueous solution to the action of emulsi^ or of an analogouH ferment 
contained in the bearberry, it is resolved into glucose and hydroquiuone (KawiiUer*a 
arcturin) : . 

= C*n»0* + OH‘0* (Strockor). "" 


Hydroquinone — but not its isonieride, pyrocatechin — is also found among the products 
of the dry distillation of arbutin (Zwenger a. Ilimniolmann). 

The fesolution of arbutin inU> glucose and hydnK]uinoiie is analogous to that of 
salicin, into glucose and saligenin, C^lPO*. Salicin in fact differs from 

nrbutin. and snJigenin from hydroquinoiio by ClI^ (Stn'cker). 

Arbutin oxidised with manganese dioxide and sulphuric acid, yhlds quinone, 
and formic acid. On pji.ssing chlorine through its aqueous soJution, the liquid 
turns yellovr or rwl, and after a while de{>osita yellow shining laniinm of chlorinaUxl 
quinone — prohablv a mixture of C^H-^CIW an<l C®Jl*C10^ It dissolves in strong nitric 
aeid, and on adding alcohol to the liquid, yellow noodles arc deposited, which when 
purified by rocrystallisation exhibit the comjH)sition of din itro - arbuti n, 
This substance is very soluble in water, less soluble in alcohol, 
insoluble in ether. It molts when heated and rocrystallises on cooling. Its solutions 
are not precipitated by metallic salts. Ily boiling with acids, it is resolved into 
glucose, and an easily soluble crystal I isaVile substance, proluibly consisting of dinitro- 
hydroquinone, C“H*(N 02 )‘'' 0 !* (Streckcr). The relations between salicin and arbutin 
may bo represented by the following formulue : 

Salicin Cglycoaalicylaleohol). Arbutin (glycohydroqulnono). 

The hydrogen in the hydroxyls of the glucosic jX)rtion of arbutin may in fact bo 
replaced by acid radicles, juot as in the case of salicin (Zei/.<<c/ir. [2] v. 1 , 62) ; more- 
over, the hydrogen belonging to the liydroquinono in arbutin is easily roplaceablet 
whereas in sjilicin the hydrogen belonging to llio saligenin is not capable of substi- 
tution, 

JlrmayUarhidins are obtaincxi by means of benzoyl clilorhlo ; aceh/l-arbutins, with 
acetyl chloride or acetyl oxide, which act at (>0'^-80^. The ultimate" j^roducts of the 
reaction separated- from the resulting solutions, after cooling, by means of etlior, 
contain free acid rjidiclos, and have the following composition ; 


^^'lo.cni’o 

Pentacety' arbutin. 


Pen t al)en zoy 1 -arbu tin , 


They are colourless bodies, insoluble in water, slightly soluhle in ether, moro 
soluble in hot alcohol, from which they crystallise on co<dingin small shining needles. 
The acid radicles may easily bo taken out again by boiling with weak bases. Together 
with the pen taken aiylated compound, Schiff likewise obtained dihrnzoyl-arbuiin, 
in which the hydrogen might be further replaced by acetyl. 

Dinitro arbutin (fissolves easily in acetic oxide, and is converted into 

Pentacetyl-dinitro-arbutin : 0 


which may be separated from the acetic acid solution by water, and crystallised firom 
hot alcohol in fine needles, insoluble in water, slightly soluble in ether. The alcoholic 
solution heated with sulphuric acid yields glucose, acetic ether, and dinitrohydro- 
quinone, liasily recognisable by the splendid colour which it gives with caustic alkalis. 
IHnitro-arbutin forms with basic lead acetate a crystalline orange-colour^ lead- 
compound, in which the hydrogen of the hydroxyl ts replaced by lead. Arbutin gives 
no precipitate, even with an ammoniacal ti*>lation of lead-acetate. 

Recently precipitated silver oxide is reduced, even at o^inaiy temperatures, by an 
aqueous solution of arbutin. On adding freshly prepared silver carbonate to a solution 
of arbutin heated to 60®— 60® as long as carbonic acid is evolved, and heating for a 
short tame with excemi of silver carbonate, a yellow solution is obtained, which no 
longer eontiaiis arbutin ; but on separating the dissolved silver with a few dmps of 
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hydrochloric acid, and filtering, a solution is obtained, from which alcohol precipitatea 
white docks consisting of a compound formed by the union of 2 mola. of arbutin 
minus 2 at. of hydrogen, viz., ^ 


Diarbutin 


Glycoquinhydrone 


0 ) 

io 


c*h‘5 

C‘II’0 




KOH)* 


This compound may bo regarded as the glucoside of quinhydrono (green hydro- 
quiiione) ; it is related to arbutin in the same manner as holicoidin to salicin. 
Glycoquiiihydrone is not at all bitter ; it forms acetyl-derivatives when treated with 
acetic oxi<lo, and an orange-coloured nitro-product with nitric acid. The latter, when 
decomposed in alcoholic solution by sulphuric acid, does not yield any substance that 
turns violet with potash. By means of zinc and sulphuric acid, hydrogen may again 
bo jidded, and dinitro-hydroquiuone thereby produced (H. SchifP, Zeitsckr. f. Chem. 
[2] V. /)19). 

ikXI.BT7T1TS irirSBO. The ripe fruits of this tree coiit;iin a considerable quantity 
of invt^rlcd sugar, ])ariipoetin, a yellow waxy substance, a colouring matter which is 
tiirmxl violet Ity alkalis and yellow by acids ; also metjipoctic acid and traces of starch 
(Filhol, Compt. 1, 1185). 

AS.CTUVZlir. '^riio name given by Kawalier to hydroquinono produced by the 
decomposition of arlmtin (p. lUl). 

ARdSWTACETYXt-COnXPOXTirXIB. Syn, with AuGBNTOVINyL-COMroUNDS, 
See Ai'icTYCKNi''. (p. 86). 

AXLOEXO’TilX.l.YZ.EM-E, See Ani.Yi.ENB (p. 97). 

AKC-ITKJESCXir i’ Horsk-chrstndt (ni. 172). 

ARIBITSTB. (l^’*lI‘'’Nh — A base extract(»d from the bark of Araril/ra rul/ra, a tree 
growing iji Ura/il. (See Additions, vol. v. p. 1087-) 

ABKStTTXTB. A fliioritlo occurring in Greenland together with cryolite. It is 
a white, highly lustrou.s, cry.stallo-gmnular mineral, having a sp, gr, of 3 029 to 3*175 
anti the hart! ness of cryolite. It gives by analysis 61 *03 p. c. fluorine, 17’87 
aluminium, 23 (HI sodium, 7 01 lime, 0*57 water, and 0*7*1 insoluble matter ( = 100*22), 
agreeing nearly with the formula Ar*F®.2(Ca;Na''^)F^ (Hagemann, Sill. Am. J. [2J 
xlii. 93). 

ABTfXCA MOXrTABTA. Both tlie root-stot'k and the flowers of this composite 
plant, which grows chiefly on upland meadows in the middle and south of Europe, are 
ofliclual. 'I’ho root-stock has a faint aromatic odour, and a persistently sharp 
aromatic, taste, slightly iiiclining to bitter. It contiiins resin, tannig, fat, colouring 
inatliT, and aliout I p. c. of a heavy yellowish volatile oil different that which is 

containi'd in the flowers. According to Walz {N. Jakrb. Fharni. xm. 176; Jakresh. 
1860, p. 511), the oil frmn the root has the composition of hexyl caproate, C*'’*H**0* 
or ('•*! 1 •*.( '*11 'Iho fat of the root contains, according to the same authority, a fatty 
acid, G*’ll-'’0*q the magnesium salt of which may also be extracted from the leaves. 

The flowers, which have a peculiar but not unpleasant odour, yield in the dry state 
from 1 to 2 teiitlis ptT thousand of volatile oil ; in the fresh state a proportionally 
larger quantity. This oil has an acid re;iction, a yellowish, bluish, or greenish colour, 
and smells like chiimt>milo. Walz also found in the flowers two different resins, 
crj'stallisable fat and wax, tannin, and a yellow colouring matter. 

The flowers, herb, and root of arnica contjiin also a yellow non-crystallisable bitter 
substance, which appears to bo the active principle of the plant. This substance, 
arnicin„is easily soluble in rtlier. slightly soluble in water, and is precipitated from 
its alcoholic solution by tivunin or by water; it has the characteristic odour and sharp 
taste of arnica. It is decomposed by dilute acids. Walz assigns to amicin the 
formula which however requires confirmation. The flowers yield 1 p. c. 

less ot it than the root-stock or the herb (Walz, N, dahrb. Pharm. xiii. 176; xiv. 79 » 
XV. 329 ; Jahresb. 1860, p. 544 ; 1861, p. 763^ 

According to Bnstick (J. Pharni. [3] xix. 454), arnica flowers contain a non-volatils 
bitter alkiiloid, arnicine, which is soluble in alcohol and ethert very slightly soluble 
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in water, decomposed by alkalis, but capable of forming crysftalliBablo salts with adds. 
It wM prepared by macerating the plant in alcohol acidulated with sulphuric ivcid, 
treating the solution with lime and afterwards with alkaline avrbonaU)8 to separate 
resinous matters, agitating the filtrate with ether, and leaving the ethereal solution to 
evaporate. 

Feretti (jffu/l. de/la Correapondmra scient. di Soma, 1861, No. 80) sUted thatarnioa 
yields, by distillation with potash or lime, a peculiar volatile base ; but Hesse (Ann. 
Ck. Pharm. exxix, 264) has shown that the plant thus treated yields nothing but 
ammonia, with traces of trimethylamiue. 

jlLJtOMJ^TZC SS&XSS, This term is applied to a group of compounds which 
range themselves round the hydrocarbons C"!!*"-*. Originally given to the bodies of 
the bon 2 oic group, on account of the aromatic odours possessed l>y sonm of them, as 
benzoic acid and bitter almond oil, it is now extended to several series of com^wjunds 
homologous with these. 

The aromatic compounds form a group running parallel, ns it were, with the fatty 
bodies, and like the latter including hydrocarbons, alcohols, acids, aminos, &c. They 
resemble the fatty bodies in many of their chemical relations, but they likewise 
exhibit decided jMJculiarities, which distinguish them from all other bodies and mark 
them as a natural family. 

Transformations of fatty bodies into compounds beloTiging to the aromatic group by 
simple and detinite rcjictions are not known to occur. It is true that particular 
aromatic bodies, as benzono and phenol, may be formed by the action of a strong heat 
on many compounds, and even very simple ones, belonging t-o the fatty series ; but 
these are not, for the most part, simple metamorphoses in which the quantitative 
relations between the material and the product can bo exactly estimated and the 
transformations represented by equations. On the other hand, aromatic su]>stanc<*s 
when treated with powerful chemical reagents, especially oxidisers, frequently yield 
bodies belonging to the fatty series ; but even in these cases there is always formed, 
in addition, at least one product belonging to the aromatic series, unless indeed a 
comidcUs breaking up of the molecule takes place, resulting in the fornmtiou of the 
very simplest organic coinponnds, sucli as carbonic acid and oxalic acid. 

To obtain an insight into the constitution of the aromatic bodies, the following facts 
must bo t\ken into account. 

Tlie aromatic bodies are derived from the fundamental hydrocarbons, C"!!*"”*®, and 
the simplest of them are those which contain 6 atoms of carbon, or are derived from 
benzene, C®H*. Now these hydrocarbons are far from containing tbo maximum 
quantity of hydrogen required to saturate the n atoms of carbon coritained in their 
molecules ; in fact, if the carbon-atoms were united together in tlieso raoleculos in the 
same manner as in the fatty series, tlio general formula of the satur.ited bj’drowirbons 
would be and the compounds 0*11''"“® w'ould bo octivalent radicles, capable 

of tfiking up 8, 6, 4, or 2 additional atoms of hydrogen or other monatomic element ; 
and in fact they are capable, under cerUain circumstances, of uniting directly with 
chlorine, bromine, and other haloid elementa : thus benzene forms with chlorine a 
ciystalline hexchloride, C*H®C1®. But in the greater number of their chemicivl 
relations, these hydrocarbons oxldbit the characters of satui-atad molecules, which, like 
the paraffins, can take up other olements only in exchange for a part or the whole of 
their hydrogen. 

To account for this property, Kekul4 supposes* tliat the atoms of carbon in benzene, 
the fundamental hydrocarbon of the series, are unitc^l among tlieniHclves by one and 
two units of equivalence alternately, so that the constitution of this body is rcproHciited 
by the formula : 


H 


\ 


H 


/ 

c 


H 




H 


Bmp. 


* MHmth dir erganUdan Chemie, li. 196, si 

O 
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fiach of the carbon-atoms has all its four units of 
In the molMule thus represen form, as it were, a closed chain or 

amnity ?'"r gggugi that from this formula of benzene the formulse of 

eft cl e. We shall see “ ? aromatjc croup can be formed by substitution, and 

nearly all the known bodies „ , gj.tigfaJory explanations of the modes of forma- 

that L formate f of these bodies. 

modes of I nk ng toga connection illustrated by the three iollowing 

d“s (tte ::^;b:^:tot temg supposed to occupy the angle* of the h^n) : 

No. m. 




To tho first and second of these modes of grouping, every carbon-atom is linked to 
three oLrhas onetnlt’Ce^’ fn the tWrd fi^e,’the first and^fourth 

Tt Tv7f'jntheleltfn not teinr«^“et"^l-'^I‘ been\u^3 araffo^liVig 
therefor rineuliar case of isomerism among the chlorinated derivatives of 

brz:^^"/ex\?:rci'ofrw:Zdm^^^^ 

r ’rw fr* f'Kni mftflfi of linkin^r of tho carbon-atoms in Kokiil^s diagram, or indeed 
f^nv'othor perfectly symmetrical arrangement, there should he hut one such com- 

{ f«rl,„Lh ns the result must he tho same whichever ot the hydrogen-atoms of 
Fhn t^^zTe Ihculo ^ while the others are replaced by chlorine. 

But if wc 8u;;::lo i^rbon-atoms to be linked as in diagram No. III. the ™t,es 
of tho mouS, C‘nCl‘, may he different accordingly or 

atom is situated, on tho one hand, at 1 or 4, or, on the other, at 2, 3, 6, or 
r It must be observed, however, that tho existence of the two modifi^tions of 
penUichlorobenzeno is net positively cstoblish^, and, on P “"““X 

exhibited by aromatic bodies are best explained by supTOSing tho carbon-atoms in the 
bonreno moWculo to bo linkwl together symmetrically. The areangoments represented 
to the other two diagrams above given (Nos. I. and II.) exhibit this symmetry .ns well 
as that of Kekule ; hut they do not explain so readily as the latter the formation o 
tho additive compounds of benzene and the other aromatic hydrocarbons (p. 196) 
(Kokul6, Deui. Chem. Gcsclh, Berlin, 1869, p. 362), ' . • 4 ,, « 

Ben zone, tho fundamental hydrocarbon of tho aromatic group, gives rise to a 
numerous series of derivatives, by bxking up other elemente or compound ^ 

exchange for one or more of its hydrogen-atoms. If the element which thus enters 
the raolocule is monatomic, it simply takes tlie place of tho hydrogen, satisfying the 
affinity of the carbon-atoms in tho same way : thus, when benzene is acted y 

bromine or chlorine, one or more hydrogen -atoms are removed in tho form ot liydro- 
bromic or hydrochloric acid, and bromobonzenos or chlorobenzenes are 
produced, viz. C«H^Br, C®H♦Br^ C«H*CP, &c. But if the element which replaces 
the hydrogen is polyatomic, as O", N"', or C*’, only one of its unite of aflfinUy can be 
satisfled by combination with the unit of affinity of the carbon-atom which was pre- 
viously satisfied by tlie displaced hydrogen, and consequently the polyatomic element 
can bring other atoms of hydrogen, or of equivalent elements or radicles, into tho 
molecule to satisfy its remaining units of affinity. (See Atomicity.) Thus 
which is diatomic or bivalent, brings with it one atom of hydrogen, the result being 
the same as if an atom of hydrogen in the benzene molecule were replaced by tno 
univalent radicle hydroxyl, OH. The product thus formed is a phenol, monatomic, 
diatomic, or triatomic, according to the number of hydrogen -atoms replaced : Urns 
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PhenoL . Hydroqulnone. Pyrogallol. 

In like manner, nitrof^en, entering as a trivalont element, introduces two atoms of 
hydrogen, the result, being the replacement of one or more atoms of hydrogen in tho 
benzene molecule by amiilogon, (Nil”)'. In this manner are formed from benzene, 
amidobenzene or aniline, C*11*(NH*)*, and diamidobenzeuoor pheny leuo- 
diamino, 0*H^(N1P)*. 


H H H Nfl* 



H H n n 

AnlUno. Phenylene-dlamine, 


In tho nitrobon zones the nitrogen may bo 8upiv>se<l to enter either as a 
trivalont or as a quinquivalent clement: thus mononitrobonzunt?, C“1I'^(N0*), may bo 
represented by either of the following formulae : 


H H H . H 



T^stly, carbon, which is qu^rivalent, brings into the bonzono molocnlo thro© 
atoms of hydrogen, tho result being tho replacement of one or more hydrogen-atoms 
in the benzene by the univalent nwlielo methyl, CH®, or the addition of one or more 
equivalents of t'H*, whereby there is formed a series of liydrocarbons homologous 
with benzene : thus 

Benzene. 

C’ll* or C*H*(CII*) Mothyl-benzono or Toluene. 

C*H’* or C‘ir*((TI*)* ..... Dimethyl-benzene or Xylene. 

C®n>* or C*H®(CH>)» Trimethyl-benzene. 

Tho three unattached units of affinity in the carbon-atom which enters the bonzene- 
molocule may also be partly satisfied by a bivalent radicle, or wholly by a trivalent 
radicle, as in the foilowir^ compounds ; 

(C*H*y — C 1 2 • • . . . Benzoic aldehyde. 

(C*H®)' — . . , . . Benzoic acid. 

. . , , • Thiobenzoie acid. 

(C*H*y — ex'” OyanobeozfrDe or Phenyl cyanide. 

o 2 
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Under certain circumstances also the aromatic hydrocarbons can take up other 
molecules by direct addition. Thus benzene, when subjected to the action of 
chlorine or bromine in sunshine, combines directly with those elements, forming the 
compounds C®H'’CP and In this case we may supjiose that the chlorine or 

bromine acts in such a manner as to loosen the bonds of connection between some of 
the mrbon -atoms, so that the atoms of the entire chain become united bj one bond 
only, and each of them has one unit of affinity loft free and ready to take up an atom 
of chlorine or bromino, thus (the dots in the second hgure indicating unsaturated 
affinities) : 

H H 

\ / 

c c 


n — c 


\_/ 

/ \ 

Btvtxi rated. 


c — n 



Unsaturated. 


This partial separation of carbon-atoms, or opening on t of tho group, is not peculiar to 
the aroinal ic bodies, but I'reijueiitly lakes place in other series. KthYlono, for example 

cir^ ^ ' 

in the free stuto may bo regarded as || , its two carbon-atoms being linked together 

CH2 ® 

by two units of affinity; but under the influence of chlorine or bromino, the conncc- 

tion is partially severed, and the molecule becomes I , in which state it is bivalent, 

CIP 

1 X, . .. . . 

and capable of taking up 2 at, chlorine, forming the compound | 

T t . 

In the explanation thus afforded of the formation of additive compounds, the 
formula of benzene proposed by Keknle has the advantage of all the others above 
considered, inasmuch as if any one of tJio latter be adopted, wo must suppose that 
chlorine or hroniino can sever the connection between carbon-atoms united by only 
one unit of affinity, an effect of which no example has yet been observed in other 
senes. 

The aromatic hydrocarbons can also unite directly with hf/pochlorous acid. Benzene, 
for example, can take up 3 molecules of this acid, forming the crystalline compound 

^**^"1(011)3 An7i. Ch. Vharin. exxvi. 196 ; cxxxvi. 324). 

hoynerism in the Aromatic Series. 

The replaccmont of one atom of hydi-ogen in benzene by chlorine, bromine, 
IV * amidogen, methyl, See., must evidently yield the same result, whichever of 
10 rogen-atoms may ho thus replaced, inasmuch ns the molecule is perfectly 
symmetrical. Accoi-diiigly there is but one monochlorinated or 
Tuoiiohrominato,] heuzeue, one monatomic alcolnxlic derivative, 
Tiz phenol, C'lb’fOH), one monatomic amidated derivative, viz. 
aniline, one mouomotliyl derivative, viz. toluene. 

C*'1P(CI['), c^c. 

But when two or more atoms of hydrogen in the benzene mole- 
cule are thus replaced, isomeric mtxlifications become possible, 
accjmiingly ns the elements or radicles which take the place of the 
Jiydrogeu are contiguous, or ore separated from one another by 
1 ^ larger intei-vals. This will bo more clearly understood 
we represent the molecule of benzxMio by a hexagon, the six angles of which are 
wcupiwl by the hydrogen-atoms numhere<l from 1 to 6. It will then be seen that the 
derivatives formed by successive substitution exhibit the following modifications: 
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a. The hydrogen-atome are sfiecessiveJy repfaced by the same (demetvf or compound 
radicle {lateral chain). In this cuse the number of modifications is as follows ; — 



Nnmber of 
hydrogen -atoma 
replaced 

Number 

of 

motlilications 

riaces of the replaced H-otoma.. 

- 

ono 

ono 

1 

h 

two 

tlireo 1 

' 1.2 1,3 1,4 

c 

three 

three 1 

1,2,3 1.2.4 1,3,0 

d 

four 

three 

1.2, 3, 4 1,2, 4, 5 1, 3,4,5 

0 

five 

ono 

1.2,3, 1,5 

f 

six 

01)0 t 



h. The hydrogm- atoms are replaced by different elements or radicles. 

If only two iiydrogen-atoms are thus replaced, the number of possible modifications 
remains the same as above, viz. three : for the reversal of the onlor (AU or BA) 
can make no dilferonco in the result. 

But if tliree or more hydrogen-atoms are replaced by different rmliclcs, the number 
of possible modifications becomes larger, inasmuch as the onlor of succession of the 
radicles introduced by substitution may then exert an infiucnco on tlio nature of the 
product. Tlius for a benzene-derivative represented by the general fonmila C^IPA'^^B 
wo find ; 

a, corrrcspondiug to 1, 2, 3 (see c above) ; C®TBAAB 

C'dPABA 

A „ 1»2, 4( „ ); OHMHAB 

0«JPA11BA 

C«ir*BTTAA 

y, „ 1, 3, 5( „ ); C'HAITAIIB 

C^ITAIIBBA 

C«HBHAIIA 

In the present state of our knowledge, wo cannot in all cases assign to the sovoral 
radiedoH which replace the hydn^gen in bonzono tboir exact relative positions in each 
isomeric modification ; but, inasmuch as a given nuxlificati on of a benzotio-dcrivative 
may in many cases be converted by simple nn^tamorphoses into a particular 
UKMlification of another benzono-derirativo, wo may conclude that in the two 
(itirivatlves thus producible one from the other, tbo railicles which have replaced two 
or more atoms of hydrogen occupy corresponding placets. Accordingly, the derivatives 
of benzene containing a given number of r« pla(‘ed hydrogen -atoms may bo divided 
into groups, each containing those modifications wliicli can bo formotl one from the 
Ollier, and in which, thoroforo, !he radicles which liave replaced the hydrogen-atoms 
may be supposed to bo similarly situated. 

The hi -derivatives of bonzone, e.g. bicldorubenzenc, C^IPCICI, chloroliromobonzono, 
0'’IlHvlBr, chloropheiiol, C®IPCi(01l), cldorol>oTizoic acid, C''iPCl(CO'''H), &c., may bo 
divided into three such groups, in which the radicles replacing the two hydrogen- 
atoms occupy the places (1 : 2), (1 : 3), and (1 : 4) respectively, or, in other words, 
arc placed contiguously, or separated l>y one or by two atoms of hydrogen.^ Chloro- 
bromobonzenc, for example, exhibits the three following modificfitions : 

C'HHHIlClBr G'HIIIICinBr CTIHClHIIBr 

1:2 1:3 1:4 

the hydrogen-atoms in the benzene molecule C*IIHII1IIIII being numbered from 
right to left. 

vSimilar examples are afforded by the throe diatomic phenols ria. 

hydroquinone, pyroc-atechin, and resorcin : the three modifications of tho acid 
1 i OH 

acid, salicylic acid, and para-oxybenzoic acid; and 

those of tho amidated acid viz., amidobenzoic acid, amidosalylie 

or anthranilic acid, and amidodracylic acid. 


* It is dear that theae 
»nd (6 : 1 ) are identical 
with <l ; 4). 


are all the poedble arranKemenis, Inanmicb a« (3 ; 3), (8 : 4>, (4 
with (1:7) Hi t 4), (8 ; 4), and (4 j «) with (I : 8> ; (3 : 4) 


aad <3 :«) 
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The manner in which the members of a particular group are producible one from 

the other may be illustrated by the following examples : *. •*!, •* 

I^nWne prepared from mlro-Mohenzene js conrerted by treatment with nitrous 
acid into diazo-iodohonzone, Cm^N^J, from which by i^ilmg its sulphate with water, 
iodopbenol. C^miOH), is produced; and this, Jmed with potash, is converted 
bv exchaniro of 1 for OH into hydroqiiinono, C’HXOHy. From the same diazo- 
Moben'Lno may also be obtained di-iodobenzeno, chloriodobenzene, C*H-C1I, 

and bromiofiobenzeno. All these derivatives of benzene belong to the same group, 
the replacement of the hydrogen in them occurring in corresponding places. The 
nitranilino* obtained from nitrated anilides (iv. 445) yields a diazo-derivative, the 
decomposition of which yields the same nitro-iodobenzene as that above mentioned ; it 
therefore belongs to the same series. Moreover, since chloraniline and hroraaniline 
are evidently analogous to iodaniline, and their generators, nitrochlorobenzene and 
nitro-brornobenzene, are analogous to nitro-iodobenzene, these bodies, and therefore 
also all bi -derivatives of benzene which can be obtained from them by simple 
transformation, belong to the same series i consequently, diazochlorobenzene, dichloro- 
bonzeno, chlorobromobenzeiio, diazobromobonzone, and dibromobenzene. To the sartie 

group belong nitrobonzoic acid, formed by the action of fuming nitric acid on benzoic 
acid ; amidobenzoic acid, obtained from it by reduction ; and oxybenzoic acid, formed 
from’ the latter by the action of nitrous acid. This series of bi-derivativos of benzene 
is called the Ortho- series. 

A second sorio.s of bi-derivativos of benzene — the Para- series — is produced from 
dlnitrobonzono. From this compound is obtained para-nitraniliney'\‘ which. may be 
converted into para -diazonitrobenzene, and from this may be prepared parachloro- 
nitrobenzenc, parabronionitrobonzono, and para-iodo-iiitrobenzeno. Those last com- 
|X)uiids may be converteil by reducing agents into paracliloraniline, parabromanilino, 
and para-iodanilino, which again may bo converted into the corresponding paradiazo- 
bonzones. The parafliazo-iodobonzene thus obtained is converted by decomposing 
its sulyiliato with water into para-iodophonol, which when fused with potash yields 
resorcin, C'*il\011)^ isomeric witli hydroquinono. In all these bi-dorivatives of 
benzene the substitution evidetitly takes place in corresponding partis of the molecule. 
To the same series belong paranitrobeiizoic or nitrodracylic acid, formed by oxidation 
of bromotoluone ; also its reduction-derivative, amid<xlracylic acid, and paraoxybeuzoic 
acid, produced from the latter by the action of nitrous acid (iv. 358). 

The third series of bi -derivatives of benzene — the Mda- series — -includcB salicylic 
acid and ils derivativtjs, chlorosalylic, amidosalylic, or anthranilic acid; also an 
iodophenol tlitTeront from para- or ortho- iodophouol, formed, together with the latter, 
by treating phenol with iodine and iodic acid, and converted by fusion with potash 
into py rocatech i n . 

The question as to the relative positions of the radicles in these three groups of 
compound.^ — whether, for example, the arrangement 1 : 2 exists in the ortho-, the 
mota-, or the para- scries, has lately been the subject of considerable discussion, and 
may now be regarded as at least approximately settled. 

Phthalic acid, | is formed by oxidation of naphthalene, ■■ 

t wo of the four groups CII being completely eliminated from tl^e molecule 
in the form of curbon dioxide and water, while the two others remain in the form of 
carboxyl, CO'^II : 

c'n'(c'ie) + 6» - 2C0‘ + H»o + 

Now, from the stiaicturo of the molecule of haphthalonc, as recently determined by 
Gmelie (p. 212), it apy'cars m«)st probable that the two groups CH thus oxidised to 
CO-’II occupy contiguv.us places ; that is to say, the positions 1 : 2. But nitrophthalic 
acid is converted by reduction with tin and hydrochloric acid into amidobenzoic 
acid, which, when ti’oatod with nitrous acid yields oxybenzoic acid, and these 
compounds belong to the ortho- group. In this group, therefore, the radicles which 
replace two of the hydrogen -atoms of the benzene molecule occupy contiguous places, 
that is I : 2. This conclusion is cornjboratcd by the constitution of hydroquinone, 

which is formed from ortho-iodophenol, and is converted by oxidation 
O 

into quinone, whereas its isomerides, pyrocatechin and resorcin, do not 

yield quinone by oxidation ; this dififerenco of reaction points to the conclusion that 


Hofmann's g-nitraailine (iv. 44{(). 


t Hofmann’s a-nititmiline (It. 440)» 
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the two groups OH are contiguous in hj'droquinono, and not in its two isomerides. 

(See Quinonb.) 

Baeyer has shown {Ann, Ch. Pharm, SuppL v. 79) that mesityleno, is a 

eymmetricalljr constituted trimothyl-benzeno, C‘'1P(CH=‘)*, that is to say tliat the tliwe 
methyl-groups contained in it are separated by eqimJ intervals, or occupy the positions 
I, 3, 6. Consequently in isoxylene or dimothyl-bonzeiw, which is formed 

from it (from mesityJenic acid), tlie two metJiy 1-groups must be separated by one 
interval, or occupy the places 1, 3. Now isoxylene is converted by oxidiition into 
isophthalic acid, C**H^(CO*H)*, in which therefore the two groups CO^H occupy the 
positions 1, 3. Hence for the third modification of the acid, C"HVCO‘*H)^ or 
terophthalic acid, there remains only the arrangement 1, 4. But tereplithalic acid 
belongs to the para- series, being formed from broraotolueno, C*H^Br(CH*), which is 
convertible by oxidation into parabromobenzoic or bromwlmcylic acid. In the para- 
sories, therefore, the elements or radicles which replace the hydrogen-atoms occupy 
the positions 1, 4; so that for the meta- series there remains only the position 1, 3. 
The principal representatives of the three series are the following : 

Ortho Meta Para 

1,2 1.3 1,4 

Hydroquinone. Pyrocatochin. Resorcin. 

OxylienToic acid. Salicylic acid. Parft-oxybon™lc acid, 

Phthalic ackl. I»oi>hthallc acid. Terophthalic acid. 

Further developments of these vit'ws will ho given in connection with the individual 
compounds of the aromatic series. See especially Benzene, Homolooues of, and 
Benzoic Acid. 

The bodies of the aromatic series exhibit also another kind of isomerism distinct 
from that above described. Consider first the hydrocarbons. Benzene and 
toluene are not susceptible of isomeric modifications : for the first is perfectly symme- 
trical, and in tlio formation of the second, or methyl-benzene, C“H*(Cil*), the substitu- 
tion of methyl for hydrogen may take place indilferontly in any part of the molecule. 
But any further substitution of methyl for hydrogen may be made either within the 
phenyl-group C"IP, or in the methyl-group CIP, and the result will not be the same 
in tlio two cases ; hence the hydrocarbon exhibits the two modifications, 

dimethyl-benzene or xylene, C^lIXCli*)*, and cthyl-bonzono, C“H*(C'''il‘) ; 


n H HU 



Dimethyl-benzene, Bthyl-benzeno. 


In molecules thus constituted, the six carbon-atoms of the benzene group, with their 
ac(u>mpanying hydrogen-atoms, are said to form the principal chain, while the 
alcohol -radicles or tlieir mixlificjitions substituted for any of these hydrogen -atoms 
constitute lateral chains; thus methyl-benzene and ethyl-benzene liave each only 
one lateral chain, whereas dimethyl-benzene has two. 

The constitution of these hydrocarbons is determined : a. By synthesis , — Thus 
toluene is produced by the action of sodium on a mixture of bromobenssue aud 
methyl-iodide : hence it has the constitution of methyl-benzene ; 

C*H*Br CH»I + Na» » NaBr + Nal + 

is formed in like manner from broraobenzeno and ethyl-iodide. XyUns, 
r * constituent of light coal-naphtha, is produced synthetically by ths action 
ofs^um on a mixture of brorao-toluene and methyl-iodide; hence it eonsiitc of 
methyl-toluene or dimethyl-benzene : 

Cm*Br,CB* + CHH + Na» « NaBr -i- Nal -i- 
^ •^^***^^* — Methyl-benzene and ethyl-benzdne both yield by oxidation bimzoie 
•’ ^2**^*®« '^hich, like these hydrocarbons themselves, contains only one lateral 
cnain ; but dimethyl-benzene (xylene) and methyl-ethyl-benzene, when oxidised with 
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dilute chromic acid, yield terephthalic acid, which contains two lateral 

chains Hence it is inferred that the acid or acids prodW by the oxidation of an 
^matio hydrocarbon contain as many lataral chains as the hydrocarbon itwlf. This 
law affords the moans of determining the constitution of ce^in aromatic hydrocarbons 
which have not yet been formed synthetically as in the following cases: 

The hydrocarbon G'n'* exhibits the three following modifications : 

CWC'II') C-H'(C11*)(CTP) C"H>(CH«)* 

Propyl-benzene. Methyl-ethyl-benzene. Trimethyl-benzene. 

All three have been prepared synthetically : the first, by the action of sodium on 
a mixture of monobromobonzeno and normal propyl-iodide; the second, m like 
manner from monobromo-tffiueno and ethyl-bromide ; the third, from monobromoxy- 
leiio and methyl-iodide. This last compound, also c.alled coal-tar cumene or pseudo- 
cumene exists in coal-tar oil, and is obtained therefrom by fractional distillation ; it 
boils at about 166° ; mothyl-cthyl-benzene at 169° ; propyl-benzene at 167°. Coal-tar 
cumene is not however a perfectly definite substance, but a mixture of three isomenc 
modifications of trimethyl-benzene differing from one another in the relative position 
of the methyl-atoms. (See Bknzkne. IIomolooubs op.) Cumene produced by distilling 
ciimie acid with excess of lime boils at 161°-16l-6°, and is tlicrofore different from 
either of the preceding compounds. Nevertheless, it agrees with propyl-benzene, 
C'TP. CH-CH^CIP, in yielding only benzoic acid by oxidation, and therefore contains 
but one lateral chain : hence it may be supposed to consist of isopropyl-benzene, 
C''H*.CH(CH=02, a view of its constitution which is in accordance with its lower 
boiling point; but isopropyl-benzene has not yet boon prepared synthetically (Fittig, 
Schafier a. Kdnig, Arm. Vh. Pharm. cxlix. 324). All the higher aromatic hydrocarbons 
containing the radicle C®IP are susceptible of similar modifications. 

The following table exhibits the metameric modifications of all the aromatic 
hydrocarbons, C"!!*"-®, at present known ; 


cm® 

Benzene. 





cm® 

C®H»(CIP) 

Methyl-l)enzc‘no * 
(toluono). 




C"H‘® 

C®lTXCiPClP) 

Etbyl-benzene.* 

C®JTXCI1*)* 

Methyl-toluene • 
(xylene). 



cm'* 

C®IP(C3IP) 

Propyl -iK'n zone * 
(cumene). 

c u ^ 

Ethyl- toluene.* 

C®I1®(CH’)® 

Trimethyl- 
benzorie * 
(pseudoc u 1 neno) . 


c‘®ir" 


QfiiH 5 CIT* 

M eth y 1 -pro py 1- 
t»enzene * 

(a cymene). 

Ethyl-xylene.* 

cm*(CH®)* 

fi cymene 
(from coal-tar). 

cnm« 

c«iP(cm") 

Amyl-benzene.* 


rjaxTs 5 

KC-TP)* 

Diothyl-xylone 

(laureno). 


c*m>» 


C®H* ) 

Amyl-toluene. 



C1»I£20 



/cm" 

Amyl-xylene.* 



• The hydrocarbons with asterisks attached to their names are those which have been fbrmed 
aynthetically. 
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The constitution of these hydrocarbons is determinf'd on the principles above ex- 
plained. Some of them, viz. dimethyl -benzene and tri methyl-benzene, are also known 
to exhibit isomeric modifications depending on the relative position of the methyl- 
atoms. Their modes of formation and properties will bo described in detail in 
tlie article Bknzbnb, Homologues of. 

The hydrocarbon C*H®, formed by abstraction of 2HC1 from methyl-benzylal 
chloride, C*II"C1^ (with alcoholic poUish), and in other wa}'B (p. 5), is also related 
to the aromatic group, though it does not belong to the homologous series 
having the composition of acetonyb benzene, C''1I*(C^H). 

The derivatives of toluene and its higher homologues, formed by replacing one or 
more atoms of hydrogen with chlorine, bromine, h\alroxyl, ainidogen, &c,, likewise 
exhibit the isomerism or metameri.sm just noticed in tlio hyilrocarbons, depending 
upon tlio position of the substituted radicle in the principal or in one or more of the 
lateral chains. Thus toluene or methyl-henzcno, C*il*.CIl’’, forms two monochlorinatod 
derivatives, vie., 

C«TT<CI.CH» and C-IP.OIPCl 

Clilorotolueno Benzyl clilorido, 

and three dichlorinated derivatives, viz., 

C"H=‘CP.CH3 C-H^Cl.Cir-'Cl C"IP.CHC1« 

Bichlorotolueno Chlorol)enzylic chloride Cblorobenzol, 

and the higher derivatives admit of still more numerous modifications. Similarly 
with the bromides and iodides. (See Tolvenk, v. 852.) 

Those derivatives in which the substitution of the eldorino, &c., takes place iu the 
lateral chains are altogether more active compounds than those in which it takes 
place in the principal chain. It fact, the chlorine in such a compound as benzyl 
elilorido, occ.upics a position similar to that which it ttikes up in the 

chlorinated compounds of the fatty scries, so that the compound in question is an 
alcoholic chloride, cjipable of readily exchanging its chlorine for other radicles by 
double decomposition, and being thereby converted into the corresponding alcohol, 
amine, elliors, &c. On the otlior hand, the chlorine or other haloid element which 
bikes the place of hydrogen in the principal chain, as in clilorotolucne, C^IPCI.CIP, 
dichlorotolueno, C“H’CP.CH^, &c., is more surrouiuleii by carbon-atoms, like the 
chlorine-atoms in the corresponding derivatives of henzeno itself ; and under these 
circumstiinces the compound is found to be more stable, the chlorine, bromine, &c., 
showing but little tendency to separate from it by double decomposition ; in otlior 
words, the compounds in question do not exhibit the characters of alcoliolic 
chlorides. 

In like manner, toluene yields two derivatives by sulistitution of one atom of 
hydroxyl for hydrogen, viz., 

CTP.CTPOH C«ir<(OH).CIP 

Benzyl alcohol. Crosol. 

The first of these compounds, and its homologues, xylyl alcohol, C^IT^»CTPOII, &c., 
are true alcohols, resembling the primary alcohols <^f the fatty series in having two 
atoms of hydrogen in imm^iato connection with the group OH, and being conse- 
quently ciipablo of yielding by oxidation the corresponding aldehydes and acids. But 
cresol and its homologues, in Which the hydroxyl enters irib) the principal chain, are 
not true alcohols, but phenols, homologous with the typical 6-carbon phenol, 
and, like that compound, not convertible by oxidation into uldehyiles and 
acids of analogous constitution. 

The phenols further differ from the true alcohols in the following respects : 1. They 
are not converted into ethers by the action of acids. The 6-carbon phenol, for 
example, does not yield phenyl chloride or monochlorobonzene, C’H’TJl, by distillation 
with strong hydrochloric acid, but only when sulgected to the action of phosphorus 
pentachloride ; in like manner, to obtain phenyl benzoate, phenol must 

be distilled, not with benzoic acid, but WJth benzoic chloride (iv. 390). — 2, The true 
alcohols when treated with nitric acid are either oxidised to aldel^des and acids, or 
converted into nitric ethers, which are neutral, and may be saponified bv alkalis like 
other Compound ethers, reproducing the acid and the alcohol. But the phenols, under 
the influence of nitric acid, yield products in which not merely one, but two or three 
atoms of hydrogen may be rcpla^ by nitryl, NO®, the products possessing decided 
acid properties, and not being saponi^ble, like compound ethers. — 8. The phenols 
treaud with chiorme yield substitution-products in whjch 1, 2, or 3 at<Mtns of Ij^drogen 
are replaced by chlorine. — 4. The phenols bare a much more deeidedlj acid waiaelsar 
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than the tmo alcohols, forming salts with alkaline hydrates by double decomposition, 
a reaction exhibited only exceptionally by true alcohols. — 5. The phenates of alcohol- 
radicles, such as methyl phenate or anisol, C«H*(CH»)0*, differ from mixed ethers 
(like methyl ethylate, C*H*(C1P)0) in this respect, that under the influence of 
powerful reagents, such as nitric acid, they yield a single product — anisol for instance, 
when treated with nitric acid yielding nitranisol,dinitranisol, or trinitrani sol — whereas 
the mixed ethers split up under similar circumstances, yielding compounds corre- 
sponding to each of the alcohol-radicles which they contain. 

The full<»wii)g table exhibits the formulae of the known monatomic hydroxyl deriva- 
tives of tlio aromatic series, together with the hydrocarbons from which they.are 
derived : 


Hydrocorhons, 

c«ir« 

Benzene. 

Alcohols. 

Phenols. 

c-nxoH) 

C«IP.CIP 

Mctliyl4)eiizeno 
or Tolu(!ne. 

CnP.CH^COH) 

Benzyl alcohol. 

C’HXOH).™® 

Cresol. 

CTP.CTPOTP 

Kthyl-benzcno. 


C«H‘(OH).Cn*CH® 

Ethyl-phenol 
or Phlorol. 

C''II‘.(0IP)2 
Dimetltyl-l>»>nzouo 
or Xylene. 

C«IP.(dP.C''IP ? 

Cymene, 

mv.civ.cw(OTX) 

Xylyl alcohol. 

Cin.CH’.CIPOH 

Oymyl nlcohul. 

C®TP(OH).(CIP)® 

Dimethyl -phenol. 

mv.{cnvY 

Dicthyl-bonzouo, 

Syeocerono. 

C”IP’(OH) 

Sycoceryl alcohol. 

C®IP(OH).(CTP)® 

Thymol. 


The replacement of two hydrogen-atoms in toluene by hydroxyl may give rise to 
three isomeric diatomic alcohols: 


c«lp.cn(0n)* ; C«H*(OH).CH 2 (OH) ; C«H»(OH)«.CH». 

The first of those, which has not yet been obtained, has the constitution of a glycol ; 
the second, which is saligenin (v. 172), possesses an alcoholic and a phenolic 
hydroxyl, and may accordingly bo called a glyco phenol : it is intermediate in its 
properties between the alcohols and the phenols, being converted, on the one hand, 
into the corresponding aldohy<le, viz. salicylol, C^IPO*, by the action of chromic acid 
and other oxidising agents, and on the other, into benzoyl-saligenin, 
by the action of benzoyl chloride (v. 173). The third of the above formulae, 
C‘‘H*(OH^).CH’‘, is that of a diatomic phenol, and probably represents the constitution 
of orcin. 


The following table exhibits the composition of the diatomic hydroxyl derivatives 
of bonzono at present known : 

Ilydroquinono (1 ; 2) . . ) 

Oxyphcnol or Pyrociitechin (1 ; 3) • » C®H^(OH)* 

Kosorcin (1 : 4) . . . j 


Saligenin 
Orcin , 

Gimiacol (in part) 


= C«H*(OH).CH*(OH) 
I C'H*0* = C*H>(OH)’.CH* 


Creosol 

Voratrol 




The throe modifications of the G-csirbon diatomic phenol are produced, as above 
mentioned (p. 198), by the action of fusing caustic potash on the three corresponding 
modifications of iodophonol : 


C‘>HT(OH) KOH = KI + C^H^OH)*. 


Pyrocatechin is also formed by heating ox^salicylic acid, C'H*0^ just as phenol is 
pnMluc«l fron salicylic acid, C^Il^O*. In like manner orcin is produced from orsel- 
linic acid, C*II*0', and verivtrol from veratric acid, Saligenin is formed from 

its aldehyde, salicylol, by the action of nascent hydrogen, also by the action 

acids or of emnlsin on salicin. Gnaiacol and creosol are obtained gtmiacam ; 
the latter also from beech-tar creosote. 


Intimately connected with the diatomic phenols are the quinones, which are 
^^inpomnds derived from the aromatic hydrocarbons by substitution of O* for fit®, the two 
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atoms of oxygen thus introduced being linked together by one of their affinities so 
to form a bivalent group or radicle ; thus, ^ 

C«IP I or C‘H<(0")\ 

^ o 

Bonzono. Qutnonc, 


Tohieno. 


c«iP(o*)''.cn* 

Toluquluone. 


Quinone, C«IT<0*, is formed by oxidation of hydroquinone, C‘'H<(OH)*, the two 
hydrogen-atoms of tlie hydroxyl being removed uud the two oxygon -atoms tlien uniting 
together ; thus ; 


HC' 


c " —" OH 


C OH 



n 

Hydroquinone, 

Pyrocntechin and resorcin are not converted by oxidation into quinono; this differ- 
ence affords a confirtnation of the view that ih hydroquinone the two hydroxyl 
groups arc contiguous, wlioroas in pyrocatcchin and resorcin they are separated and 
occupy the relative positions 1, 3 and 1,4. 

t)f tri atomic phenols, three b<xlies are known, having the composition 
== C“1P(()U)^ viz. -pyrogallol or pijragaUic acid^ pkloroglucm andfra7igidin. (See the 
several articles in the Dictionary.) 

The a mi dated derivatives of toluene, viz., 

C«IP,CIP(NIP) C*IP(N1P).C1I* 

Bcnaylamlno Toliiidlno, 

exhiliit differences of character similar to those of the liydroxyl derivatives abov^ 
considered, according to the position occupied by the amidogen. Donzylamine is a 
nmch stronger base than toluidino ; resembles the bases of the fatty series in its 
reactions ; and, like those bases, may bo produced, together with di- and tri-bonzylamino^ 
l)y heating benzyl chloride with ammonia; whereas toluidine is not producible by any 
such reaction, but only by the action of ro<lucing agents on nitrotoluene, in the same- 
manner as aniline, of which it is the true homologue, is formed from nitrobenzene. 
(For details respecting these compounds, see vol. v. p. 865—868 ; also the articles 
Bexz'it.amink and Tolvidink in this volume.) 

Toluidino admits of three modifications according to the relative positions of tho* 
groups NH* and CTP, and two of those (ortho and para) one crystalline, the other- 
liquid, are actually known, being obtained by reduction of the corresponding; 
nitrotoluenos. 

A:glidinc, mmidine, C»H”(NH'»), and cymidine, C’»H»>(NII*), are of 

course susceptible of a larger number of mcslifications. Two modifications of xylidina 
have been obtained, but the higher bases are known only in one form. 

The aromatic acids also exhibit metameric modifications acconlingly as the- 
radicle COOH replaces a hydrogen-atom in the principal or in the lateral chains. 
This kind of isomerism is exhibited in the first instance by toluic acid, 

(benzoic acid, = C*H*.CO'-‘H, does not a<lmit of isomeric modifications), which 

may be derived from the hydrocarbon C*!!*® by substitution of 0(0H) for H*. Ifow» 
the hydrocarb< 3 n itself exists in the two modifications, dimethyl-benzene or xylene^ 
and ethyl-benzene, Making the substitution justi 

mentioned in these two formuhe, we obtain the two acids : v 

(CH* 


C-^ICOOH 


C*H‘.CH*COOH 

Tolnic acid. a-tolnic add. 

The constitution of these two acids is shown by their synthetical formation, the ftest 
feeing produced (as a sodium-salt) by the action of sodium and carbon dioxids <m 
bromotoluene (Kekul5, Bull. 8oc. Chim. 1866, ii. 47): 

(?H‘Br.CH» + Ha* + CO* - HaBr + 
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by the hydration of benzyl cyanide (Cannizzaro, Jmi. 
C^E\C1PCN + 2H-0 N1I» + C®II* CH^CO^H. 


P^rm, 


The diatomic and monobasic acids of the series exhibit the same cjiscs of isomerism 
as the monatf>mic acids. Thus to the two toluic acids above mentioned there should 
correspond the two diatomic acids: 

and C*n'OH.CH*COOH. 

But further cases of isomerism arise from the circumstance that tho non-acid 
hydroxyl in each of these acids may be either alcoholic or phonic. Hence each of 
tlio oxytoluic acids just formulated may have two isomeric forms, viz., 

C H and C 11 |t;oOn ' 

CMI'OlI.CIFCOOn and C"U'.ClXOH.COOH. 


Two of these four possible Isomers are actually known, viz., 

Crcsotlc acid . . . . C*U*OH j 

Formobonzoic acid . . C*H^.CUOH.COOH. 

Salicylic acid, eTI‘Oir.CO''ir, phloretic acid, CWOn.CO'-'H, and thymotic acid, 
C'“H*'^0n.C0'4r, rosomblc crcs<»tic acid in containing a phenic hydroxyl. Forniobenzoic 
acid has at present no known homologues. 


Formation of Aromatic Compounds^ 

I. Of Kydfo carbons. — Benzene is produced by tho union of three molecnlos of 

actdylone, into one (p. 32), and may therefore be regarded as ultimately formed 

l)y the direct union of carbon and hydrogen. The other aromatic hydrocarbons are 
prothiood synthetically, as already observed, by the action of sodium on mixtures of 
tlu'ir brominatod derivatives with alcoholic iodides or bromides (j>. 199). Kach 
hydrcK'arbou of tho series is also formed on distilling tho aromatic acid containing 
one more atom of carbon than itself with lime, which abstracts carbon dioxide : 

Qn « CO* + 

. Acid. Hydrocarbon. 

Benzene and its methylated derivatives are also produced in the destructive distillation 
of organic bt)dios, and are found especially in coal-tar, but tho manner in which they 
are formed in those processes is not complctcdy understood. (See Hydrocakuons.) 

II. Of A romatic Alcohols and Phenols. — Benzyl alcohol and its homologues 
may bo obtained from tho corresponding hydrocarbons by replacing 1 at. hydrogen in 
those latter by chlorine, treating tho chlorinated product with silver acetate, and 
saponifying the acetic ether with potash (Cannizzaro, Ann. Ch. P/ii/s. [3] xlv. 468). 
This method ia identical with that by which the fatly alcohols are obtaijied from tho 
pivrnthns ; but in the case of tho aromatic bodies it is important U> pbservo that tho 
action of tho .silver acetate on tho chlorinated compound takes place only when tho 
chlorine is situated in one of the lateral chains (p. 199). 

The aromatic alcohol.s are likewise produced by fixation of hydrogen upon tho 
corresponding aldehydes, e g. benzyl alcohol, from benzoic aldehyde, G’n^O. 

This fixation of hydrogen may bo effected, ns in the fatty series, by means of sodium 
amalgam ; but it may also bo effected by another process, peculiar to the aromatic 
series, viz. by the action of alcoholic potash on the aldehydes (Cannizzaro, Ann. Ch. 
Phys. [3j xl : 234) : c.g., 

2Cai«0 + KOI! = C’H»KO» + 

BeiiTjoio Potash, Potassium Benzyl 

aldehyde. benzoate. alcohol. 

The phenols are produced synthetically: a. By converting the hydrocarbons 
into tho correspond ing amines by Zinin’s process; subjecting the nitrates of these 
bases in aqueous solution to tho action of nitrous acid ; and boiling the resulting 
dinzo-compouiids with water, whereby nitrogen is evolved, and a phenol is pro- 
duced : o.g., 

C‘H^N* + H’O == C«H-0 + N» 

Biazobenene. Phenol. 
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XbiB method succeeds not only in the Aromatic series strictly so eaUed, hut also in 
the neighbouring series, as those of diphenyl and of naphthalene: Jhus diamido* 
diphenyl or benzidine (iv. 411), treated with nitrous acid, yields diazobeuzidine or 
tetrdzo-diphenyl : 

+ 2NO^n = C'=‘n'‘N< + 4H*0; 

Benzidine Diazo- 

bouzidine 

and diazobenzidine boiled with water is converted into a diatomic phenol, 
with evolution of nitrogen : 

+ 2H^O = + 2N‘^ 

(Grioss, Phil. Tram. 1864, pt. iii. p. 740). 

j8. By treating an aromatic hydrocarbon with sulphuric acid, whereby a sulpho-acid 
is protluced, which when fused with potash jdetds the potassium- salt of the 
corresponding phenol ; and by dissolving the salt in water and precipitating with 
an acid, the phenol is obtained in the free shite: thus 

C"!!* + H-SO< = H^O -t- C*IT"SO> 

Betizeuo. SuipliolK'nzollo 

acid. 

Cir^SO* y 3KOH « + 2U®0 -t- CnT'OK 

Bulpbobouzoltc Potansiura I'otiiBsiiim 

acid. 8«ll»hit/3. plieuate. 

C'H'OK -t HCl « KOI + C^H'Oll 

Potaspium Phenol, 

phenute. 

(Wurtz, Bull. Soc. Chim. [2] viii. 197 ; KokuU, ibid. p. 198 ; Dusart, ibid, p. 200). 

The phenols are also formed by the destructive distillation of organic bodiei, 
as phenol, from salicylic fwid, C’lIW. Some of them exist ready-formed 

in j)hint8, as thpuol in oil of thyme, or are produced by the decomix)8itiori of 
cerUiin proximate principles of plants, as pyrogallol from gallic acid and orcin 
from crytliriii : 

C’ir«0* = CO* + C«IT''0» 

Gallic acid. Pyrogallol. 

+ 211*0 « CGI»«0< + 2CO* + 2CGI«0* 

Erythrln. Erythiito. Orclu. 

(See also p. 202.) Ordinary phenol has been found by Bortholot among the product# 
fdrnjed hy passing the vapour of alcohol through a red-hot tube. 

III. Tlie modes of formation of tlio aromatic bases have been already 
mentioned (p. 203). 

IV’. Of Aromatic Aci ds : 1. Monatomic. — These acids are obtained by several 
jirwcsses similar to those which yield the fatty acids, viz, : a. By oxidation of the 
corresjKjnding alcohols or aldehydes. — h. By treating an aromatic hydrocarbon 
with carbonyl chloride, and decomposing the resulting acid chloride with water 
(Hiirnitz-IIarnitzky ; see p, 39). — c. By the action of nascent hydrogen on less 
hc<lr(»genatod acids, as when cinnamic acid, O'lPO*, is converted into alphaxylic acid, 
(V<jjioo 2 (Erlenmcyer’s homotoluic acid, Jahnsb. 1862, p. 366; 1863, p. 362; Schmitt’s 
eumoylic achl, ibid.; Swart’s hydntcinnamic acid, Ann. Ck. Pherm. cxxxvii. 229), by 
tile action of sfHlium amalgam (Erlenmeyer ; Sidimitt), or of hydriodic acid (Popolf, 

Bull .Sec. Clnm. [2] iv. 376).— rf. By heating the hydrocyanic others of the aromatic 
alcohols with alcoholic p^jtash, whereby ammonia is evolved and the potassium salt 
of an aromatic acid is prrxluccd, amtaining one atom of carbon more than the 
filcMjhol-nwlicio of the cyanide ; the acids thus produced are a^toluic acid and its > 
lh>mologuc8 : c.g., 


C‘IT».CIPN + HKD + H*0 = NH’ -f C«H\CH*CO*K 

Benzyl cyanide. Potaaflinm 

a-toluato. 


The following meth'Kls of formation are peculiar to the aromatic series; 
f. Several acids of this series are obtained by oxidation of the hydrocarbons. In 
produced from cjinene, benzoic acid from enjnene, 

i By passing a current of carbon dioxide into a brominated aromati# 

Jiyarc^rbon in which sodium is dissolved. This process yields isomeric products 
accordingly as the bromine has taken the place of hydrogen in the principal Off in 
one of the lateral cliains (Kekul4) ; thus, for example, ^ P 


C«I*Br.CH' + Na* + CO* - KiiBr + 

Bromotoluene, Toluate. 
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C*n’.CH*Br + Na® + CO* ■= NaBr + OH*. CH*CO*lTa 

Benzyl bromide. a-toluate. 

g. As others, by treating the monobrominated derivatives of the aromatic 

hydrociirbons with a chlorocarbonic ether and sodium -amalgam : e.g., 

0«H*Br -I- -f- Na* = NaCl + NaBr + C*ii*.C02(C’'H*) 

Bromo- Ethyl chloro- Ethyl benaoate. 

benzene. carbonate. 

Bromotoluene treated in like manner yields ethyl toluate (Wurtz, Compt. rend, Ixviii. 

1298). 

A Hofmann (Proc. Poy. Soe. xvL 484) describes a. method of obtaining the 
monatomic aromatic acids from the monamiuos containing one atom of carbon less, 
Aailine distilled with one molecule of oxalic acid yields phenyl -forraamide ; 

C«HMI2.N + e^O^.H^O* = CHO.C«H*.H.N -h H^O CO^. 

Aniline. Oxalic acid. Phenyl-fonn- 

amide. 

together with a number of secondary products resulting from the decomposition of 
the formamide, and among them bonzonitrile or phenyl cyanide : 

CHO.C«H».H.N = CTI^N ^ H^O, 

the quantity of which may be increased by distilling the product with hydrochloric 
acid. The bonzonitrile, distilled with jioUish, easily yields benzoic acid. In like 
manner, toluidino distilled with oxalic acid yields tolyl-formamide, the decom- 
position of which furnishes toluonitrile, C^II^N, and this by distillation with potiish 
yields toluic acid, 

t. Those acids may also bo obtained from the phenols. Pohissium phenylsulphate 
treated with potassium cyanide yields phenyl cyanide or benzonitrile, from which 
benzoic acid is produced in the manner just mentioned. Similarly toluic acid may bo 
formed from crosyl -sulphuric acid. 

A;. Several monatomic aromatic acids exist as natural products, or are fo’-mod by 
oxidation of natural aldehydes ; thus benzoic acid exists ready formed In gum 
benzoin, and is produced by oxidation of bittor almond oil. 

2. Diatomic arid Monoha^c. — a. All the known acids of this group which contain 
a phonic hydroxyl (except phloretic acid, for which the method has not been tried) 
are produced by the simulttiueous action of sodium and carbon dioxide on the phenols 
(Kolbo a. Lautemann, Ann. Ch. Pharm. cxv. 205) : e.g., 

2C“‘H>^0 + Na^ + 2CO* « 2C"ll»NaO* + H*. 

Thymol. Sodium 

thymotate. 

Phloretic acid is produced by decomposition of phloretin, which is itself a product of 
the decomposition of phlorizin. 

j8. These acids are also produced by the action of nitrous acid on solutions of the 
mouo-amidated acids of the same series in boiling nitric acid : 

Cai»(NU2)02 + NHO* « H«0 + + Cai*(0H)0* 

Amldobenzuio Oxybenzolo » 

acid. acid. 

It is better, however, to direct the nitrous acid vapour into a cooled solution of the 
aniidated acid in nitric acid. A diazo-acid is then formed, and this, whev boiled 
with water, gives off nitrogen, and yields the diatomic acid sought: 

C'H"(N1P)0* + NHO» x= 2H*0 + 

Amidobcnzolc, Diazolicnzoic. 

C'lI^N^O^ + = N» + C^H«0» 

daaobenzoic. Oxybenzoic. 

y. An acid isomeric with oxybonzoic acid, viz. salicylic acid, is produced by 
oxidation of saligonin, which is a glycophenol (p. 202). The homologues of salicylic 
acid have not been obtained, because we are as yet unacquainted with any homol^^ue 
of saligenin, unless it be arbutin (p. 191). 

*. The acids of this group may be formed by the oxidation of certain hydrocarbons, 
as paraoxybenzoic acid from toluene, or by further oxidation of c^prtain oxygenated 
products, as anisic (methyl-paraoxybenzoic) acid by oxidation of anise oil (Saytzeff, 
Ann. Ch. Pharm. cxxxvii. 129 ; Ladenburg, BuU. Soc. Chim. [2] v. 267). 

Only one diatomic and monabasic acid is known containing an alcoholic and an acid 
hydroxyl, viz. formobenzoie or mandolic acid, C*H®0* = C*H».CHOH.COOH, 
which is produced by the simultaneous action of hydrochloric and hydiocyanic aci d s 
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on oil of bitter almonds dissolved in water. This reaction, however, aoooiding to 
Louguinine and Naquet, does not take place with cumiuic aldehyde, on iiccouut of its 
almost total insolubility in water ; it is moreover the same as that by whicli acetic 
aldehyde in the fatty series is converted into lactic acid. 

3. Of Monobasic acids whose atomicity is greater than three. — Oxysalicylic and 
gallic acids have been obtained by processes similar to those employed in the fatty 
series, viz. by treating monobromo- and dibromo-salieylic acids with silver oxide and 
water (Lautemann, Ann, Ch. Ptuirm. exx. 300). 

4. Potgbasic. — There is a series of polybasic aromatic acids intermediate in com- 
position and basicity between benzoic acid (monobasic) and mcllitic iwid (sexbasicb 
Tho pontahasic acid has not yet boon ohtniuoii ; of tJiv hi-, tri-, and guadribasic acids 
each admits of three niodihcations, depending ujkhi Uie reJativo positions of tho 
groups CO^H: 


c^(com)^ 

C«H(CO‘^H)» 

0«n*(C0“H)2 

C«HHCO-H) 


Ortho. 

Mel li tic 

Unknown 

Isopyromellitic 

lleniirnollitic 

riilhalic 

Benzoic 


Meto. 

Unknown 

Triniellitic 

Isophlhalic 


Pure. 


P^Tomellitic acid 

Ti’inicNic 

Toi't'plithalic 


Tho fioxbasic acid, mcllitic acid, has not been formed syntlietimlly, and is known 
only as a natural y>rorUict obtained from honeystono ; the bi-, Iri-, and quadribasic 
acids are formed from it by a regular series of transformations. Tims mcllitic acid 
treated with sodium-amalgam takes up 6 at. hydrogen, yielding liydroniollitic acid, 
O'] I '‘(CO-1 1)®, which wlion heat-ed with strong sulphuric Jicid gives up the 6 at. H and 
2 mols. CO^ and is converted into isopyromellitic acid. This acid treated with 
B'xliuTn-amaigam yields hydro-isopyromelUtic acid, C*H^(CO^U)\ which when treated 
with sill plmric acid is converted by loss of ll^nud CO'* into homimellitic acid, 
; and this latter might by a repetition of these operations be converted 
into bibasic phthalic acid. For further details, see Mkt.litic Acid. Tho bibasio 
acids, isophlhalic and torcphthalic, are pnaluced by oxidation of aromatic bydro- 
carhons containing two lateral chains — isophthalic acid from isoxylene, 
and Lerophthalic acid from methyl-tolmmo, amyl-toluone, and diethyl-bonzouo. Phthalic 
acid is pnalucod in like nmnner by oxidation of naphthalene (p. 212). 


Aro~ and Diazo-compounds of the Aromatic Series, 

1. Diazo-compounds. — The amidated acids and bases of tho aromatic series, though 
similar in composition to those of the fatty series, differ remarkably from them in 
many of their properties, and especially in their behaviour with nitrous acid. The 
aniitliitod acids and bases of tho fatty series, when treated with nitrous acid, give off 
Water and nitrogen, and reproduce tho acid or alcohol whoso radicle they contain; 
thus : 

CTP(H*N) + NO^H = C2IP(OH) + mO + N*. 

Etbylamino. Ethyl alcohol. 

Now the ami<latod bases of tho aromatic series are sometimes decomposed by 
nitrous acid in the same way, aniline for example being converted into phenol, with 
elimination of nitrogen (iv, 423), but more frtjquently intermediate products are 
fomicil, containing not only tho nitrogen of the aromatic base or acid, but also that 
of the nitrous acid, so that no evolution of nitrogen takes place. Tho final result is 
tho substitution of N for H* in one or in two molecule% of tho amidated base. 
Thus aniline or amidobenzene, C*H’N, yields by tho first or these modes of trans- 
formation, diazobenzene or azophenylami ne, CH^N* or C*(H^N"')N, and by 
the second, diazo-amidobenzene or azodiphenyldiamine, C**H'*^ or 
C'’(H»»N'")N. 

The compounds of diazobenzene treated with various reagents give rise to a 
number of remarkable products discovered by Griess, and described in vol. iv. pp, 

430-434. ^ » rif 

The bases derived from the nitroderivatives of tho higher hydrocarbons of the 
aromatic series give rise to similar but less known products when treated with nitron# 
acid ; but no 8U(m products are formed &om the amines of the fatty senes or firom 
bem^laxmiie, which, as already observed, is analogous in constitution to the latter. 

The amidated acids of the aromatic series react with nitroas add in the saaie 
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manner as the bases, exchanging N for H® in two molecules or in a single molecule, 
and giving rise to unstablo compounds, Gipable, under the influence of various 
reagents, of forming chlorin.ated, brominated, or iodated derivatives of the primitive 
acid, or an acid more highly oxygenated than that primitive acid. Thus, amido- 
benzoic or oxybenzamic acid, treated with nitrous acid, yields 

d i a z o-a m 1 d o b 0 n z o i c acid, C'*H**N*0* =* ] ’ This latter treated 

with haloid acids, yields a hydrochloride, hydrobromide, or hydriodide of amidobenzoic 
acid, together with chloro-, bromo-, or iodo-bonzoic acid. Diazo-amidobenzoic acid 
treated with alkalis fixes an alkaline molecule, gives off nitrogen and ammonia, and 
produces a salt of oxybenzoic acid : 

C»«H‘>N»0‘ + 2KHO = 2C»mKO» + N* + NH». 

Oxybenzoic acid is also produced, though in smaller quantity, by the direct action of 
nitrous acid on amidobenzoic acid. (See Oxybenza.mic, Oxycuminamic, Oxytoluamic 
Acids, iv. 290, 297, 322.) 

When those amidated acids are treated with sodium-amalgam and water, in a 
cooled vessel, ammonia is given off, and the group is replaced by H. In this 
manner bromamidobonzoic, anthranilic, and amidobenzoic acids have been converted 
into benzoic acid (Hiibnor a. Petermann, Zeitschr.f. CJiem. [2] iv. 648). 

2. Monazo~ or simply A zo~ compounds . — These bfxiies are derived from the 
aromatic hydrocarbons by substitution of N for H in one molecule, or rather of N® 
for in two molecules of the hydrocarbon. 

Mitscherlich in 1834 obUiined azobenzene, C®H*N or (i. 478), by 

treating nitrobenzene with alcoholic potash and subjecting the product to distillation. 
Zinin in 1845 sliowed that the first product of tliis reaction is azoxybonzene, 
C**}I‘®N'^0, which, as well as azobenzono, is converted by reducing agents into the 
basic compound benzidine, Hofmann in 1863 {Proc. Rot/. Soc. xii. 

676) showed, however, that the direct product of this reduction is not benzidine, but 
the isomeric compound hydrazobonzouo, capable of passing into benzidine by 
molecular transformation. 

The following forniuhe show that the azo -derivatives of benzene are intermediate in 
composition between nitrobenzene and aniline. In their successive formation, oxygon 
is first removed, and then hydrogen is added, the product of coinplcto reduction being 
aniline : 

Empirical Molecular 
fonmila*. formulic. 

Nitrobenzene C«1PN0« = C®}PNO* 

Azoxy benzene ..... C*’Tr‘NO^ = C*‘-’H’®N'^0 

Azobenzene ...... C®I1'N = 

Hydrazubenzono (and Benzidine) . . C®H''N = 

Aniline C«H7N = C"U’N. 

The same bcKlics can also bo produced, as G laser has shown (Atin. Ch. Pharm. cxlii. 
364) by successive oxidation, starting from aniline. 

Azoxybonzene treated with nitric aci<l yields a mononitro-dorivative, of wliieh there 
are isomeric modifications (i. 480); with a mixture of strong nitric* and sulphuric 
acids, it yields a trlnitrated conijanind. Azobeiizeiio yields twp nitro-derivatives, 
C**H®(NO-)N* and The latter troiited with ammonium sulphide is 

reibict^d to diuTui(lo-azo]>enzcne or diphoiiino, C'‘‘'H**(Nn*)‘^N’^ (ii. 330). The former 
has not yet, with certainty, been reduced to amido-azobenzeno, C*-IP(N1P)N® ; but 
this compound is obtained, together with amido-azoxybenzeno, C’‘‘H®(N1P)N‘0, by 
reduction of luononitro-azoxy benzene (G. A. Schmidt) ; also by the action of A’arious 
oxidising ^eiits upon aniline (Martins a. Grioss), and by the action of aniline and its 
milts on diiizo-amidobenzene (Kekiile). 

Compounds homologous with azobenzene have recently been obtained from nitro- 
toluene, nitroxylono, and even from nitroenmene and nitrocymone. For the particular 
descriptions of those compounds, sec the several hydnjcarbous. 

The following theory of the constitution of the azo- and di azo-compounds is given 
by Kekule {Lehrbuck d. ary. Chemu>, ii. 1689, 715, 741; Zeitschr. f. Chem. 1860, pp. 
808, 689, 700). 

The azo-compounds contain a of two nitrogen-atoms united to one another by 

a pill of their combining capacities, and therefore capable of acting only with the 
remainder. In the azo-compounds tliese two nitrogen-atoms are directly combined 
with the carbon of a benzene residue ; in azobenzeiie they act as a bivalent group, in 
Moxybeuzeno and hydrazobonzeno as a quadrivalent group ; while on further addition 
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of hydrogen all the combining units of the nitrogen become active, and tho molecule 
Bplita into two ; thus : 

N~(C«H‘) IIN— (C-n*) II‘N~(CSJP) 


(C'H*) 


Azoxy benzene. 


Azobenzeue. 


TIN— (CTG) 

1 J y 1 1 j-azoben zone. 


Ji-N - (C«H*) 

Aniline. 


The diazo-compounds likewise contain the bivalent group (NX)", but only one of 
tho nitrogen-atoms is directly combined with tin; carbon of a benzene residue, while 
tho free aihnity of tho other is satisfied, either by haloids or by acid resi<lues, or 
amidogen, or generally in somo w.-iy tllflerent from tlio first. I'rom the cliemical 
relations of tho diazobenzeno-comjKiunds in pirtieular, Kt'knle iider.s that diazo- 
bonzoue in the freo state consists, not of C'dGN-. a.s sujtpnhed 1 »y (irless, but of tho 
liytlrato corresponding to tho potash and .silviU'-mvide compounds of diazubonzeno 
(iv. 434) ; thus : 


■(CT.r-'‘) N (C'dl'-) N (C'dl ') 


N- 

(I 

N— Ur 

l>i/iz;ol>crizcne 

bromitJe. 

N— (C«ll^) 

II 

N— OK 

1 J ia /.olxm /.eno- 

potiiBh. 


N NO’ 

l>iazof<T\ziMic 

nitrate. 

ii 

N OH 

Diazolxaizeno 

liyiirutc. 


N~so‘n 

liin/.olti'iv/.t'n* 

N (CHI') 

11 

N -Nir^(CTH) 

DlazelH-nzeno- 

iiini'4ol)oazeno. 


According to this viow, tho relation of tho azo-com pounds to (l)o diazo-compounds 
is Himilar to that of the aleohulie oxides, or sim]do ethers, to the haloid uthors and 
oxacid others : o.g., 


A'/.ol)cn7.<.‘ne. 

(CHin -o (cr-ii') 

Ethyl oxide. 


(C"ir’)-Ni£:N--N0» 

lllazobenzeno niirnto. 

NO» 

Etliyl nitrate. 


The relation between the isonieric compounds ami<lo-azobenzeno (amido-<liphenyli- 
mide) and diazo-amidobenzeno mny bo ivpresunUid by Lho folhnving formula;: 


n H 

\ / 


II IT 

\ / 


\ 
C 

\ / 


c ,c c\ 

/ \ / 

H C C N = N C C Nil* 

\ / 

C==c c==c 

/ \ / \ 

H II n H 

Atn ido 'Ozo benzene. 

H H 

\ / 

/ \ /“% 

H H H H 

Diazo-amtdobenzene . 



^^♦''S^^hodies contain the gronp (C*II*) — NzrN — joined to a residno containing 
G but in amido'axobcnzene the nitrogen group NN is joinetl to this residue hy 

carbon ; whereaa in dtajso-aniidohoDzcne the oonnectiem ia made through 
tna of a third atom of nitrogen. Diazo>flmidol>enzcne is in foct converted 

oo-^aobenzene by the action of an aniline- salt^ the aniiiDe>retfidiie 
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nttochcd to the molecule through the medium of the nitr^en beii^ thereby displac^, 
and another aniline-residue of the same composition entering into combination with 
au _ - N— through tho medium of its carbon-atom. Hence in this reaction a 

• quantity of anfline is always sot free equal to that contained in the aniUne salt whmh 
iu dccompised, so that a small quantity of aniline-salt suffices for^the inversion of a 
largo quantity of diuEo-amidobenzene into amido-a^obenzene (Kekul6, Zeitschr. f. 

iSrner^ra between hydrazobenzeno and benzidine (or diamido-diphenyl) may 
be represented in a similar manner, the two halves of the molecule being united iu 
the one instance through the medium of nitrogen, and in the other through the 
medium of carbon : 


H H 

\ / 


H H 

\ / 

C c, c c. 

H-C V—U- / C_H 

/ \ / \ 

H H JI H 

Hydrazobenzeno. 


H*N 



or, in more condensed form ; 

Hydrazobeiizene . 


-N- 


Benzidine 


(C»n»)— N— H 
C«HXNH*) 

(!i'»H^(NH2) 

Azobenzoic acid, related to benzoic acid in the same manner ns 

azobeiizono to benzene, is prtKluce<l by the action of sodium -amalgam on a solution rf 
sodium nitrobenzoate ; and this acid treated at the boiling heat with scKla-loy and 
ferrous sulphate takes up an additional molecule of hydrogen and is converted into 
hydrazobenzoic aeiti, Lastly, by heating an alcoholic solution of nitro- 

bonzoic acid with solid potash, azoxybenzoic acid, C*^H*®N*0*, is produced, with evolu- 
tion of ammonia and aldehyde (Griess, Ann. CA. Pharm. cxxxi. 92): 

2C^H»(N0z)02 -f 3C‘H*0 = C*<H*®NW + 3C»H'0 + 3H*0. 

The institution of these acids may be represented by formulae similar to those 
above given for uzobenzcnc, hydrazobenzene, and azoxybenzeno : viz.. 


Azobenzoic acid 
Hydrazobenzoic acid 
Azoxybenzoic acid . 


(C’H*0*)— N 

(C’H^On— N 
(C'H*0»)— NH 

((rnH}*)— iIh 

(C'H‘ 0 »)— 



AROMATIC SERIES. 


211 


Appkndix to the Aromatic Series. 

Cinnamto Acid, belongs tci a series of bodies related to the aromatio 

compounds in the same manner as the acrylic to the fatty series (p. 41). This acid 
in fact differs from xylic acid, by a deticieucy of 2 at. hydrogen, just as 

acrylic acid differs from propionic acid. Mt)reover, cinnamic acid luis the composition 
of phenyl-acrylic acid, and when fnscd with caustic alkalis is resolved 

into acetic and benzoic acids, just as angelic acid, which has the composition of ethyl- 
acrylic acid, is resolved into acetic and propionic acids : 

C>H»(C=H»)02 + 2n''0 = + C>il*0* + H’*. 

Angolic. Acetic. Propionic. 

C>H»(C"H^)0* + 211=0 = C=11^0* t- (VH*0* + H*. 

Cinnamic. Acetic. Benzoic. ^ 

Most of the transformations of cinnamic acid may bo exphvinoti by supposing it to 
contjiin the same nucleus, C“, as the boilies of the aromatic series; it may in fact l)e 
represented by the fallowing formula, in which a ciirbon-atom belonging to the lateral 
clmin has two unsatisfied units of affinity ; 

CIP— CO=H 

♦ I 

Cinnamic aoJtl. 

Atropic acid, produced by dvconiposition of ntropi no (v. 896), has the anme composi- 
tion as cinnamic acid, but its properties are not sufhciontly known to enable us to decide 
wlietlier it belongs to the same series, 

rtcirf, luis the (^imposition of oxycinnamic acid. (See Coumaeic 

Acid ; also Saiacyl-compo jxds.) 

Cinna7n€ne or Styrol, C'*!!’*, and cinnylic alcohol or styrene, C*n*®0, ore related to 
cinnamic acid in the same way as benzene and phenol to benzoic acid. 

2. Blpbenyli C*=H’® or C®!!* — is composed of two benzene-residues united 
in the manner represented by the following formula: 


H H H H 




nc 

\ 

r 





H H U U 


Its derivatives, diphcnylic phenol, benzidine or diamido-diphenyl (iv. 411), bonssoin 
or benzilic aldehyde, benzilic acid, bcnzilic anhydriilo or bonzile, and benzilic chloride, 
are related to it in tlio manner shown by the following formulae: 

Dilihonylic phonol . . . 

Bcnjkline .... C«H«N« - C”^*|nh’ 

/OH 

Benzilic aldehyde or Benzoin . C'®H**0* » C’*I1'|C0H 

fOH 

Benzilic acid .... - C'»HM COOH 

icH» 

(OH 

Benzilic chloride . . . « C'«HN COCl 

(CH* 

fO 

BenzUie anhydride or Bonzile . C‘*H'*0* — J 

lCH» 

f2 
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T. • 1 .^ iVint these compounae admit of numerous isomeric modifications 

the group OH. NH^ CO»H, &c.. in one or both 

of the associated benzene residues. 

C’®!!* This hydrocarbon, in its chemical relations, exhibits 

3. , henzene. It forms numerous bromo-, chloro-, and nitro- 

a very close a ^ ^ naphthol, C'»H’(OH), is a true phenol; its mono-nitro- 
;,, Wd by na^ hydrogen yllds a base, C'»11’(NH^), analogons to 
•inilimi 'iuui inelei-going transformations similar to those of the latter under the 
i d e rne of "itrous acid. Moreover, naphthylam.ne distill^ with oxalic acid 
V 'l ls narUtUvl-formamiile, C"H"NO, Iho dehydration of vvhich gives rise to the 
i,.n.^ooi,dinK nitrile, C"]PN; and hydistilling this compound with potash, naphthoic 
"c'i.I. C "H«ok is obtained, which is related to naplitliylamine in the same manner as 

''’' Thirstnicturo'of^^ imphthaleno molecule is deduced by Graebe Ch. PUm. 

rvlix 2(1) from tho following consi.ler.itioiis. Naplitl.alono is converted by oxidatio.i 
into phthalic or hoiizonc-dicarhoiiic acid, CIIXCOGl)-, two oi its carbon-atoms being 
removed as carbon dio.xido, while two others remain in the form of carboxyl; 

(ji.lT* + O" = C“ll*(CO-n)'' + 2C0^ -H H^O. 

Hence naphthalene contains a bcnzeiio-residuc, CHI', and may be represented by the 
forniuf C“1H(C'11')-. Hut phthalic acid is likewise produced by oxidation of 
Til . i.ti/w.intimin ( O'V' * coiiscfiuontly, IhiH compound has -its two 
Xior'iiic-aUmiH'an.l two o.xygeii-atoms assMi.itcil with tho 

c Ir nlTton s and at tiic same lime ono of tho four hydrogen-atoms is replaced by 
COT no he re.s lit being pontachloronaphthalene, C«IHC1(C*CH). If now, when this 
last eompov.Jd is o.xidi.sil, tlie saino four carbon-atoms were attacked as m the 
case of ^licliloroiiapiillioqniiiono, tho result would be moiiochloroplithalic aent. 
CHHGKCO'dl)- ; but Grael.e has sliown that tho actual prixluct of the oxidation ot 
pentacl.lorona phVlialcne is tetraclilorophthalic acid, C«ClHCO»H)». In this reaction, 
Hioreforo, two of tlio carhoii-atoms belonging to tho left-hand ^ , 

arc romovofl UsS carbon dioxide, while two others yield the t g . l 
CO-H, and tho roinaiiiiiig two, together with the four stonding on tlie right, form t 
bonzono nucleus of tetrac]iloroj>htbalic acid. , , , • t- *■. i otwl 

These transformations sliow tliat tlie molecule of '"l ?’"’i't'^’* tVMloHii 

composed of two bciizene-miclci iiiiitcd in tho manner represented by the lollownig 

liguro ; 



,CH 


In the oxidation of this molecule to phthalic acid, two of the «mrbon-ab>ins from ono 
benzene-nucleus may bo supposed to go out as CO’*, while the other two, which are in 
immediate connectiou with tho second benzene- nucleus, yield the two carboxy - 
groups ; thus ; 


H 



H 


The mode of this transformation shows that the two car^xyl-groupe in ^thalio 
acid are contiguous, or occupy the position 1, 2; and this, combined with other 
considerations, leails, as already explained (p. 198), to a determination of tho 
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relative positions of tlie radicles in the ortho-, meta-, and para-componnds of Uie 
benzene group, 

Tlie relations between naphthalene and its above-mentioned dorh^ativos may also 
be represented by the following condensed formulai : 


C^n'(C^)C«Cl=(02)" 

Dichloronaphthoquinono. 

c<HXC*)(co-n)a 

Phthalic acid. 


Kapbtl\^euo. 


C^1PC1(C»)C*C1‘ 

Pun tael I loronaphthalene . 

CHn«(c=)(coni)» 

Tctnichlorophthalio acid. 


The structural formula of naphtbalono above given leads to tlie inference that 
there must bo two series of isomeric wmi^MJumls formed by the replacement of a 
single atom of hydrogen in naphthalene hy chlorine, bromine, hydrtvxyl, &c., inasmuch 
as the hydrogen-atoms adjacent to the two carbon-atoms which aro common to both 
the benzoiie-nuclei, may he 8upi>osod to diflfer in their fund ions from the other four. 
In this manner two isomeric comjiounds may bo formed ; Uius : 


II H II II 



The two naphtbalono monosulpho-acids discovered by Faraday (v. tiCl) afford an 
instance of tliis isomerism. (8co N apitth A i.knk-com pounds.) 

More complicated cases of isomerism arise when two hydrogen-atoms belonging to 
the same or to different bonzene-ro.sidnes in the napliUialono mulccnle undergo 
ri'placcinent. The exisUmcc of such isomcrides may in gmieral be detected by 
<ixidising them, and examining the phthalic acid theroby pnHlnced. There will 
jtrobahly bo four cases of isomerism in which both the replacing radicles enter into 
the H.imo benzene nucleus, and eight in which they ent-erboth nuclei. If the hydrogen- 
atoms in naphthalene bo numbered from 1 to 8, thus: 


8 1 



0 4 


the twelve cases of isomerism will be as follows: 

1,2 1,3 1,4 2,3 

1 , 5 1 , 6 1 , 7 1 , 8 2 , 6 2 , 6 2 , 7 2 , 8 . 

4. Antluraceoe and Alisarln. The synthesis of anthracene, from bonayl- 

ehloride, C*H*.CH*C1 (p. 176), might lea<l to the conclusion that it is made up of two 
lienzene-residues, C*H*, connectofl by two atoms of ctirbon, or, in other words, that it 
is a phenylated-acetylene, — C~C — C*H* ; but the formation of phthalic 

acid, C*H^(CO^H)*, by oxidation of a derivative of anthmeene, viz. alizarin, 
C*«H*(0}1)*(0^)", is not compatible with this formula. Moreover, as benzene, 
naphthalene, and anthracene, form a series whose common difference 

IS C*H*, and as naphthalene is made up of two benzene-rings, it is very probable- 
that anthmeeno is n^o up of three such rings united together thus : 
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or, in more condensed form : 


C^H* ^CH 

I II 
c«H* — cn 


or C‘*. H 2 


This structural formula affords an easy explanation of the production of anthracene 
from two molecules of benzyl chloride, | C*H*(H) CH(IlS)' 

benzene-residues, C^H*, loses an atom of hyarogen (indicated by the brackets), and the 
two residues, C®^^ then unite together. At the same time, each of the lateral 
chains, CHHCl, loses a molecule of hydrochloric acid, and the two carbon-atoms 
then attacli themselves to each other by two units of affinity. 

The formation of phthalic acid by oxidation of alizarin, C**n"(0H)*(0*y', show's 
that in this compound the two quinonic oxygen-atoms and the two hydroxyls are 
contained in the middle and one of the external benzene-rings, so that the formula of 
alizarin is one of the two following : 


C»« 




(1) or 


0*N( OH)^ (2) 

lH‘*(02y' 


According to either of those formulae, the formation of phthalic acid from alizarin 
is explained by supposing that the benzene nuclei containing tho oxygen are oxidised, 
and convorteil into tho two carboxyls, which remain combined with the third nucleus, 
and into oxalic or carbonic acid which separates. If all the oxygen-atoms of alizarin 
were contained in one of the external nuclei, the product of the oxidation would be a 
iiaphthalene-dicarbonic pcid, C*^H"(CO^II)* ; and if the quinonic oxygen-atoms and 
tho hydroxyls were distributed between the two exterior nuclei, the oxidised product 
would bo a substituted phthalic acid or a bcnzeiie-tctracarbonic acid." 

Of the two formulae of alizarin above given (1) appears to be the more probable, 
for the following reasons : — Benzene cannot bo directly oxidised to quinone, and 
naphthalene is with difficulty oxidised to naphthoquinone ; but anthracene is very easily 
oxidised to anthraquinone. This seems to show that the formation of a quinone is 
facilitated by accumulation of carbon-atoms ; but in anthracene the hydrogen-atoms 
belonging to the middle ring are more suiTounded by carbon than the rest, and will 
therefore be tho most readily oxidised. This view is further corroborated by tho 
great^ stability of anthraquinone ; if the two oxygon-atoms in this body were 
conta,ined in one of the external nuclei, it would probably oxidise more easily, 
yielding a naphthalene-dicarbonic acid. Finally, the formation of anthraquinone 
from dibromanthracene by the action of oxidising agents which do not convert 
dibromobenzeno or dibromonaphthalene into the corresponding quinones, renders it 
probable that the two bromine-atoms in this compound have replaced the hydrogen- 
atoms belonging to the middle ring. On these grounds the brominatod and quinonic 
derivatives of anthracene may be formulated as follows : 




51 

Br*, 




Bibromanth racene. 


C'< 


Br* , Dibromanthracene-tetrabromide. 
H*.Br« 
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(HI (“ . 

C‘*. Br* , Tetrabromanthracene. Anthraqumono. 

(II^ 

, Alizarin. 

(h^U)* 

(Graeba a. Licbermann, Zeitschr. f. Chvnu [2] iv. 279 ; vi. 262). 


AJtSSVZC. According to Taidwig {Arch, PJutrm. [2] xcvii. 23), suMimod arsenic 
miw bo obtained with a .perfectly bright snrfaco ])y heating it in a test-tube with a 
fiuiall quantity of iodine, which converts the thin crust of suboxido usually present 
into arsonious oxy-io<lido, 2AsI=*.As'’0*, the vapour of the iodide protecting the 
residual arsenic from oxidation. It tlicn resembles freshly granulated zinc, and has 
a density of 5-396. 

Under ortli nary circumstances metallic arsenic subliinos at 180® without previous 
fusion ; but when heated to low redness under pressure it melts into globules 
(I^jindolt, Jahresh. 1859, p. 182). According to Hittorf {ibid. 1865, p. 133), it sublimes 
without the slightest sign of fusion when hoate<l in a vncinius glass tube. 

According to Bettomlorff {Ann. Ch. Pharm. cxliv. 110), when arsenic is sublimed 
in a tube of hard glass thniugh which a stream of hyiirogcn is passing, it condenses 
m ar the hoiited part of the tube in hexagonal crysbils, and at some distance beyond 
in an amorphous black glassy crust, while tho farthest portion of the tube becomes 
coatetl with a poualer which appears yellow at first, but quickly turns grey. Tho 
condition essential to tho deposition of tho amorphous vitreims arsenic is tho cooling 
of the vapour to 2I0®-220®. This amorphous arsenic is most easily obtained by 
sublimation in an exhausted tube or in a combustion-tube bent U-shape at one end, 
and dipping at this end into an oil-bath heate<l to 220°, while the arsenic lying just 
above tho bend is volatilis'^d in the stream of hydrogen ; the U-tubo tlicn becomes 
lined with a sj^wcular coating of amorphous arsenic, wliich may be lofiscnod by a few 


blows. Its sp. gr. is 4-710 to 4'716 (4 69 acconling to llithirf, Jahresh. 1865, p. 
13(1), therefore much below that of the crystalline variety. When hoat.<Ki to 300® it 
is convertetl, with evolution of heat, into crystalline arsenic, and if the heat bo quickly 
apjtlied, the change is accompinied by a hissing noise and formation of vapour. 
It is somewhat less oxidisiiblo than crystalline arsenic, changes but slowly in dumpair, 
and is attacked with difficulty even by dilute nitric acid. The mirror of arsenic obtained 
in Marsh’s apparatus appears to belong to tho same mtHlification. The pulverulent 
arsenic alxivo mentioned exhibits under tho microscope the form of splierules strung 
together like pearls. Its sp. gr. is 4-710 at 14° (4 72 aecor«ling to Ifittorf). At 
300° it passes, with great rise of temperature, into the crj'stuiline nuKlification, but it 
is more readily oxidisahle than tlio amorj>hous vitreous variety. The yellow jTowdor 
<lep<jsito<l at the beginning of the process is perhaps a thin! modification, but it was 
not obtained pure. Pure crystivlline arsenic, after repeated sublimation in a stream of 
hydmgcD, has, accortling to Bettendorf, asp. gr. of 5*726-5-728 at 14°. 

Tho specific heat of crystallised arsenic repeatedly sublimed in a stream of 
hydrogen is 0*0830 ; that of amorphous arsenic prepared from tho crystallised variety 
by sublimation in a vacuous tube at a low temperature is 0 0768 (BettondorfF a. 
Wiillncr, Zeitschr, f . Chem. [2] iv, 560). 

An aqueous solution of arsenious fluoride yields by electrolysis a sciily precipitate 
ot metallic arsenic exhibiting faint thermic properties analogous to those of amorphous 
antimony (Gore, Chem. Soc. J. [2] i. 366). 

According to Lo Koux {Compt. rend, li, 171), tho vapour of arsenic has a lemon-yellow 
colour. 


Metallic arsenic heated to 200° in a sealed tube with solution of sulphurous acid, 
yields arsenious oxide, sulphuric acid, and free sulphur, but no sulphide of arsenic 
(Oittner, Jahresh. 1864, p. 143). 


of Aroralc. a. EeinseVs test , — A solution containing arsenic acid or 
an alkaline arsenate mixed with sulphuric acid does not produce any deposit on metallic 
copp^, even after long boiling, unless tho quantity of arsenic present is somewhat 
considerable ; the deposition may however be ensured by adding sulphurous acid or a 
wilphite, whei«by the arsenic acid is reduced to arsenious acid (G. Werther, J. pr, . 
C Ixxxii. 286 ; 1861, p. 851). The grey deposit formed on copper in ar 

arwnious acid is not pure metallic arsenic, but an arsenide of copper, 
vu As (containing 32 p, c, arsenic). When ignited for some time in a stream ot 
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hydrogen, it gives off part of itA arsenic and is reduced to Cu®As* (G. Lippert, J. pr. 
Chem. Ixxxi. 168 ; Jahresb. 1860, p. ITO). 

J3. MarsKs test — E. Davy (JaAresb. 1858, p. 609) recommends the use of plafinum 
in the form of thick plate (not thin foil) instead of porcelain or glass for receiving the 
spots formed by ignited arsonetted hydrogen. The spots adhere closely to the mobil, 
and di8aj)pear with garlic odour when gently heated. Antimony spots received on 
platinum cfo not disappear when heated over a spirit-lamp. 

Very small arsenic spots on porcelain or platinum may bo recognised by volatilising 
them and receiving tlio vapours on the object-glass of a microscope. Spots of pure 
arsenic or of arsoniferous antimony thus treated yield a deposit of octohodral arsenious 
oxide, whereas spots of pure antimony do not yield any deposit on the object-glass 
(Hollwig, Das Microscop in der Toxicologic), 

Aceording to Blondlot {JaJiresh. 1863, p. 681), the presence of nitric acid in the 
liquid, oven in small quantity, prevents the formation of gaseous hydride of arsenic, 
the solid hydride, Aa^H^, being then deposited in brown flocks upon the zinc. 

Roussin {Jahresb. 1866, p. 801) recommends the wse of mag nesiicm instead of zinc in 
Marsh’s apparatus. Arsenic and antimony are thereby evolved as hydrogen-compounds, 
while any non-volatile metals that may bo present are thrown down in the form of a 
metiillic precipitate, which may bo collected on a filter and further examined. If the 
magnesium conbiins silicon, siliciiirettcd hydrogen will bo evolved; but the spots 
which tliis gas produces on porcelain are easily distinguished from arsenic and 
antimony spots by their insolubility in nitric acid, nitromuriatic acid, and sodium 
hypochlorite. 

ArsciioLtod hydrogen is easily conve»*tod into an iodide of arsenic by passing it over 
gently liealed iodine. It' si smsill qusuitity of iodine bo introduced into the tube of 
Marsli’s apparatus and gently warmed, so as to form on cooling a deposit on tlie part 
of the tube on which tlio arsenic mirror is usually produced, then, if a stream of 
hydrf)gon containing sirsonic be passed through the tube while still lukewarm, iodide 
of ai’senlc will bo formed, as a yellow deposit consisting of microscopic 1 ami me, very 
much like iodoform, and the iodine will disappear completely. Antimon ions hydride 
ficts upon iodine in a similar manner, but less quickly, the iotline uniting into a deep- 
coloured ring, which gradually becomes brown towards the drawn-out end of the tube, 
and orange-yellow towerda the apparatus. This coloured ring does not spread itself 
fnrtlier, and tlie iodine <loes not disappear completely. The two i(xlidos may also bo 
readily distinguished by their behaviour when heated. Tlio yellow iodide of arsenic 
tlicn partly sublimes una ltered, and is partially converted, with liberation of iodine, into 
a red iodide, indicating the previous formation of arsenic iodide, Asl\ The iodide of 
antimony, on tlie other liand, gives off rod vapours and leaves reduced antimony 
(C. Hasson, Compt. rend, ixvii. 56). 

y, Zengef s process {Zeiischr. Chcni. Pharni, 1862, p. 38; Jahresb. 1862, p. 695). — This 
method consists in the production of a specular deposit of arsenic by reducing magnesium 
arsenate M'illi sodium oxalate in a sealed tube filled with carbon dioxide. The substunco 
under examination is repeatedly distilled with a mixture of equal volumes of strong 
hydrochloric acid and water ; the arsenic is precipitated from the distillate as sulphide ; 
the precipitated arsenious sulphide is evaporated down with nitric acid free from 
chlorine ; and the residue is fiisetl with pure sodium nitrate. From the sodium arsenate 
thus obtained the arsenic is proeipitated as ammonio-magnesium arsenate ; the precipi- 
tate after drying at 100® is mixed with a little anhydrous sodium ^carbonate to make it 
more manageable, and then ignited to expel the ammonia ; and the magnesium arsenate 
thus produced is mixed with 10 times it« weight of dry sodium oxalate, and a little char- 
coal powder to colour the mixture. On the otlier hand, 20 parts of dry sodium oxalate 
are introduced into a tube of thin, easily fuailile glass, 3 millimetres in diameter and 
sealed at one end ; tlic blackened mixture, weighing about 11 pts., is introduced above 
the oxalate ; and the tube, after the empty part has been carefully clearied, is drawn out 
to a fine neck. The tube is next heated, first at the bottom to evolve carbon monoxide 
and expel the air, the heat being gradually extended up to the coloured mixture ; after 
which the tube is sealed, and heat is applied to the arseniferous mixture. The 
smallost quantity of arsenic is thereby deposited close above the mixture, in a beautiful, 
compact, metallic ring. The sealing of the tube prevents loss of arsenic. 

5. BcttendicrfTs process {Zeitschr. f, Chem. [2] v. 492). — “When a solution of stannous 
chloride in fu)uing nydrochloric iicid is added to a solution of arsenious or arsenic oxide 
the same acid, a brown precipitate is formed, which, after proper washing and drying, 
consists of metallic arsenic mixed with a small quantity of stannic oxide. In an 
aqueous solution of arsenious or arsenic acid, stannous chloride produces no precipi- 
tate; but on adding strong hydrochloric acid till the liquid fumes slightly, precipitation 
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takes place. ArsenifeTOUS hydrochloric acid of sp. f?r. 1182 to 1'135 gives an 
immediate precipitate ; the same diluted to sp. gr. 1*115 gives imperfect precipitation 
after some time ; and in a similar solution of sp. gr. I ’100 uo precipitation takes 
place, fVom this it may he inferred that the rcfu'tion occurs only between stannous 
chloride and arson ious chloride; further, that in a solution of arsonious acid in 
hydrochloric acid of sp. gr. 1*115 part of the arsenic is jiresent as chloride, but that 
hydrochloric acid of sp, gr, 1*100 dissolves arsonious acid as such, without converting 
it into chloride. The reaction above described is extremely delicate and capvble of 
detecting 1 pt. of arsenic in a million pvrts of solution. On antimony-compounds 
stannous chloride exerts no reducing action, oven after prolonged heating: hence the 
aboTe-ilcscribed reaction may bo used to detect the presence of arsenic in antimony- 
comjKiunds, the solution being previously saturated with hydrochloric acid gas. 
Another useful applicfvtion of the same reaction is to the preparation of hydn>chlorio 
acid free from arsenic. 421 grms. of crude hydrochloric acid of sp. gr. 1*164 were 
mixe<l with a fuming solution of sbiimous chloride, the precipitate separated by 
fillratiou after 24 hours, and the h^-drochloric acid distilled, the receiver being 
changed after the first tenth had passed over, and the remaining liquid distilled 
nearly to dr^’ness. The acid thus obtained gave not the slightest indications of 
arsenic, either by Marsh’s test or by precipibitiun with hy<lrogcn sidpliide. 

In testing for arsenic, acid with silver nitrate, the didicacy of the reaction is 
impaired by the solubility of silver arsenate, not only in free nitric acid and free 
ammonia, but also in ammonium nitrate. According to C. Avery (Si./£. Am. J. {2] 
xlvii, 25), the reaction is greatly faeililatetl by adding to tlio solution of arsenic ncid 
in nitric acid a few drops of a strong solution of an alkaline acetate, and then a drop 
or two of ammoniacal silver nitrate. Anotlier very good mode of testing is to drop 
tlie nitric acid solution of arsenic acid on rectmtly prepared silver curbonato, the red 
silver arsenate then showing itself very conspicuously on the white ground. 

Metallic arsenic and arsonious acid arc easily oxidised l)y a mixture of potassium 
clilorato and nitric acid to arsenic acid, which may tlnm bo easily ostiinatod as 
amniouio-magncsian arsenato (A. II. Pearson, iSilL A?n. J. [2] xlviii, 11)0). 

Compounds of Arsen ic. 

Sromide. AsIIr*.' — Prepared by adding jiulverised Mrsenic to a mixture of 1 pt, 
bromine and 2 pts. carbon l)isulpbi<le, agitating till the li(jui<l becomes colourless, 
then adding more bromine, then again arsenic, and so on till the solution is SHturatod, 
i.e. till it is no longer deexilorised on furtlier addition of arsenic, (/rystallisos in 
fleliquescent colourles.s prism.s, Imving a strong ar.senical odour, Vfdatili.sing undocom- 
phsod, and yielding a crystalline sublimate. Decomposed by water with sepjvmtion of 
arsenious oxide. In contact with s<^Mlium byjM)Kulphito, it first forms arsonious 
oxybromide, and then becomes covered with arseiiiou.s sulphide. It unites with the 
bromides of the alkali-metals, forming rather unstable erystalli sable compounds 
(Nickles, J. VJuirm. [3] xli. 142). Its specific gravity at moan temperatures is 8*66 
(Bddoker, Jahresh. 1860, p. 17). 

Chloride. AsCP. — This comjiouiid is formed, together with arsonious arsenate, 
2 jV!>- 0’.A8"0^, when dry chlorine is passed over pulverised aud gently heated arseuioua 
oxide : 

llAs'-’O* -f 6CP = 4A8CP + 3(2AsW.A«W). 

(liloxam, Soc. J, [5] iii. 62). Also by the action of 2 at. arsenic on 3 at. 

sulphur <Iichlorido, sulphur being separated at the same time, partly in opaque prisms, 
jiartly in bulky transparent octohedrons (Chevricr, Cornpt. rend. Ixiii. I00f3 : Jahresb, 

1866, p. 212); 

As^ 4- 3SC1* - 2AsCl> + S*. 

Arsonious chloride is also piyxliice^l by distilling a mixture of arsenious sulphide and 
mercuric chloride (Ludwig, Jahresb. 1859, p..l87). 

A compound of arsenious chloride with alcohol^ apparently AsCP.C^H^O, is produced 
by mixing the chloride with absolute alcohol, and passes over on distillation at 148^ ; 
also by passing hydrochloric acid gas into alcohol containing arsenious oxide in 
suspension, and subjecting tlie lower of the tw'o resulting liquids to fractional distilla- 
ti<)n. It is a colourless liquid which fumes in the air ; is decomposed by water or by 
atmospheric moisture into hydrochloric acid, arsenious acid, and alcohol ; and absorbs 
hydrochloric acid gas abundantly and with rise of temperature, giving it up again' on 
distil^tion. It is partially decomposed by repeated distillation, yielding ethyl 
chloride, &c. Arsenious chlori<lo appears to form similar compounds with methylie 
and amylic alcohrds (V. cle Luyues, Compt. rend. 1. 831). 
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A compound of arsenious chloride with aniline, AsCl».3C*IFN, formed by direct 
combination, is doscribod under Phenyij-Am:monium.s (iv. 474). 

Z'luorides. The trijiimride,, AsF*, is described in vol. i. p. 371. The pentaflitoride 
or arsenic Jhtoride, AsF^, is not known in the free state, but some of its double salts 
have been prepared by Mari^rnac (Ann. Ch. cxlv. 237 ; Jahresh. 1867, p. 254). 

Potassi/)-arse7iic fluoride, 2(KF.AsF^).IPO, is formed by dissolving potassium 
arsenate in excess of hydrofluoric acid, and crystallises from the concentrated solution 
in small well-developed rhombic prisms, exhibiting the combination P . ^P . oo Poo , 
CO f CO . CO f 2 . poo . il’co . Poo , 5 Poo . oP. The crystals are tabular from pre- 
dominance of oP or Qo poo , and tbeso faces, as well as the macrodomos, are strongly 
striated. Anglo P : P (macr.) « 84°; oP : P = 104° 20'; oP : Poo = 111° 40'; 
oP: T^Poo •“ 140° 20'. The salt when heated in a tube, melts and gives off water 
and hydrofluoric acid. Its solution is slowly precipitated by hydrogen sulphide. By 
repeated evaporation it ultimately yields potassio-arsenic oxpflnoride, KF-AsOF** + II^O, 
in acute rhombic plates. The same compound is obtained by dissolving potassium 
arsenate in an insufficient quantity of hydrofluoric acid. On mixing the solution of 
either of the preceding salts with oxces.s of potassium fluoride and hydrofluoric acid, 
evaporating the solution, and leaving it to ewd, dipotassio-arsenic fluoride, 
2Kb\AsF* + IPO, crystidliscs onb in large shining rhombic prisms, permanent in 
the air, and usually oxhilnting the simple combination oo P . oP, sometimes also with 
the faces P . oo Poo . co 1’^ . Poo . 2Poo . Angle oo P : oo P = 97° ; oo P2 : oo P2 
(brach.) == 132° 4'; oP : Pco == 147° 10'- By repeated evaporation and redissolution 
this salt is converted into the double salt 2KF.As01P + 2KF.AsF* + 3H*0. 
The same compound cryaUillises from a solution of monopobissio-arsenic oxyfluoride 
mixed with neutral potassium fluoride. It forms shining crystals, exhibiting a 
very liirge number of faces, generally' also intergrown, and consequently not exactly 
determinable. 


Kydridea. When arsonions hydride, AsH®, is passed through sulphuric acid of 
sp. gr. 1*26 to 1*843, the acid first turns brown, and if the stream of gns bo continued, 
deposits a l)rowu fl(K’culenb precipltatts mixed at a subsequent stage with arsonions 
sulphide, wliile liydrogen sulphide is evolved. After the passage of the gas had been 
continued for an liour, the precipitate was found to conbiin 95 p. c. arsenic, 4*6 
sulphur, 0*29 to 0*32 hydrogen, and at a somewhat later stage of the process 88*4 p. c. 
arsenic to 9-4 sidphur. Hence it appears prol)ablo that the preciplLato is a mixture 
of thq solid hydride, n\otallIc arsenic, and arsonions sulphide (Th. Ilumpert. J. pr. 
Chem. xciv. 392; Jahresh. 1865, p. 220). 

Arsonions hydride is completely dccompo.sed by chforbte, with deposition of metallic 
ai’stuiic (8oubeiran, G^meim's HandhooA:, iv. ; Wie<lerhold, Atm. cxvili. 615; 

Jahresh. 1863, p. 231) ; in contact with air, nitric arid, or niiror/eoi dioA'ide, on the otlua’ 
hand, it deposits a ndxturo of nietiUic ai'sonic with the solid hydride (Wiederhold). 

This soliil hydride may be obtaint'd nearly pure (mixed only with a little carbon\ 
by treating a giwiulated alloy of 1 pt. anstuiic and 6 pts. zinc^ with hydrochloric acid, 
and washing the undis.solved brown powder with water. The product amounts to 
only t p. c. of the alloy used. FVem the quantity of hydrogen evolved from it by 
heat, it ai>peai*s to have nearly’’ the composition As*TT, or rather AsHl'.f It is a 
bulky red-brown powder, insoluble in water, alcohol, ether, oil of turpentine, and 
earbon disidphide. It is re.solved at 200° into ui*senic and hydrogen, and burns away 
Wi(h a glimmering yellow light when heated in the air. In fuming nitric acid it 
buims with omission of light ; in nitric acid of sp, gr. 1*2 it oxidises more slowly; 
other dilute acids have no action upt>n it. Chlorine, ftromine, and iodine decompose it 
with incandescence. Aqueous alkalis slowly convert it into arsenic acid. Its dust 


produces inflammation of the mucoms membrane of the nose (Wiederhold, loc, cit.). 

the ^860118 M tho 

quantiticsofany Other metal Head contains smart 

solid hydride is formed in sTuntToi. f>rganic substances are present, the 
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regular octohedrons, or in crystals belonging to the rhombic system, the latter being 
pixKluccd for the most part at high, the former at low temperatures. Prismatic 
nrsmious oxide occurs in the mines of St. Domingo in Portugal, forming thin plates, 
some of which are more than an inch long. The crystals are not perfectly developed, 
but some of them exhibit hemitropy similar to that of gypsum. They are colourless, 
semitransparent, nacreous, tough, hexible, and easily split into thin lamellfe. Sp. gr. 
= 3 S5i Hardness ■» 2'5 (onlinary arsonious oxide gave 2'76 p. c.). The crystals 
sublime without residue when heated, but cannot bo obtained again in the prismatic 
form, either by sublimation or by cryst4illi8ation from solution (F. Claudet, Chem. 
Soc. J. [2] vi. 179). Prismatic arsonious oxide has also been found by Scheurer- 
Kestnor {Zcitschr. f. Ciiem. [2] v. 486) in a furnace used for the masting of pyrites. 
F. Ulrich {Jakresb. 1858, p, 173) describes crystals of arsonious oxide occurring as a 
roasting prmluct of the llammclsberg ores at the Oker works in the Hara, which 
■were exterimlly rhombic (ooP . oo Poo . mVco ), but appeared to consist internally of 
regular octohedrons. 

Arsonious oxide dissolves abundantly in water at 250°, and the solntion, as it cools, 
first deposits a few microscopic j^risms, afttu'wanls octohedrons. Wlien either the 
vitreous or the crystalline oxide is h(*ate<l in a sealocl glass tube placcxl upright in a 
sand-bath, so that it is heated to about 400° in the lower, and 200° in the upper 
pvrt, and then left to cool slowly, the oxide solidities in the vitreous form nt the 
lower part, in prismatic crysbils in the middle, and in octoheilrons at the upper part, 
a few octohedrons being also implanted on ^ho prisms. A comparatively nigh 
temperature is therefore, at least in the dry \ ay, an essential condition for the 
formation of the prismatic crystals, whereas tin octohedrons are formed only at 
lower tomj>omturcs. In the wot way, on the otlu liand, the natuio of the solvent 
aj^pears also to exert some infiiienco on the cryst llisation, inasnnicli as the oxide 
crystallises in prisms from its solution in jx)tnsh, even at comparatively low 
temperatures (Debray. Bull. Soc. Chim. [2J ii. 9 ; Jahresh. 1861, p. 236). Nordenskiold 
(./rt4ms5. 1861, p. 263) obtained it, by cooling and slow evaporation of a warm 
potsish-Holution supcrsaturauxl therewith, in six-sided trimrtric crystals, oP . oo P , 
co f*oo, having the liorizontal axes in the ratio of 1 to 0'5776. A solution of- 
arsenious oxide in ammonia, salurate<i wliile hot and kept for some time at tho 
boiling heat, the ammonm being replaced as it evaporates, deposits arsenious oxido in 
the rliombic imxlification (tog« ther witli ocU)hc*dral crysbils) ; but when the same 
solution is loft to cool slowly, the oxide is deposited in large octohedml crystals 
(llirzel, Jahrciib. 1852, p. 378). Tlio deposition of octolu-dral crystals from tho 
ammoniacal solution has also been observed by Wohler (A?in. Ch. Pharm. ci. 366). 
According to I)e Luynes {Compt, rend. iidy. 1353), a solution of arsenious oxido in 
ammonia prepanxl at 70'^“89° deposits on cooling neodle-shapcxl crysUils of 
ammonium arsenite, As(MlP)0'% which however gradually rtxlissolve, if loft, together 
with the supernatant li(juid. in an ojK'n vo.ssel, so that tho ammonia can evaporate 
from the latter ; and the li([uid nlliniately de|x>sits ocU>l»edral crystals of arsonious 
oxide. According to iScheurer-Kestner {Z<‘iisehr. f. Chem. [2] v. 487), a concontratxxl 
S(»Ujtion of arsenic acid supersaturated with urseuious oxido deposits the latter in 
acieiiliir prisms. 

Sf,h(hUify . — liacnloglo {J. pr, Chcvi. Ixxxiii. Ill) found that a solution of arsenious 
r)xi(io siitumted in the cold and left for ten months at 10°-‘20°, in contact with excess 
of the oxido, contained 1-2 p. c. As®0* ; solutions saturated while hot contiiined, a 
few days after saturation, from 2-25 to 2'6 p. c. As^O^; a solution in which tnices of 
hydrochloric acid were present cont!iine<l 3 8 p. c, As^O^. A solution of vitreous 
arsenious oxide saturated W'bile hot contained at 24°, four days after saturatif)!!, 2'4 
p. c. Ah'O' ; after eighty-two days, at 14°, 1*5 p. c. As^O* ; after four months, at 12°, 

1 '3 p. c. As^O*. Tho presence of a^rsenic, phdsphoric, sulphuric, and other minesnU acids, 
increaseB the solubility of aTsenums oxido in water. The crystals of prismatic 
arsemous acid fronrv, Portugal, above mentioned, were fimnd hy Ci.-iiidet tUmmAvo in 
cold water to tho amount oi \ p. c. *, when VI h p. n. •, n vduUon HaturaUsd 

while hot contained after cooling 2'74 p. c. 

Tho following determinations of the solubility of arsenious oxide in alcohol have 
been made by Girardin («/. Pharm. [3] xlvi. 269) ; 


100 pts. alcohol of . 
dissolve : 

Of the cmtalline /“I boiling.' 

1 point. . % 


66 79 84 

1'680 1*430 — 

4*8^6 4 561 — 
0*504 0*540 0*665 


86 88 100 voL p. c. 

0 715 — 0 025 pte, 

3 197 — 8*412 

— 0*717 1*060 
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Reactions. — 1. Perfectly dry arsenious oxide subjected to the action of chlorine 
at a gentle lieut, gives off arsenious chloride, and leaves a sintered mass consisting 
chiefly of arsenic oxide, which when the heat is increased is likewise converted into 
arsenious chloride (R. Weber, Pocfg. Ann. cxii. 619). According to Bloxam, the 
residue consists of arsenious arsenate, 2A8‘’0^.A820*. — 2. Ileated with sal-ammoniac 
it yields arsenious chloride and ammonia, which afterwards react on one anotlier, 
with formation of white fumes (Luynes, Compt. rend. xliv. 1354). — 3. Phosphorus 
peniachloride, according to Persoz a. Bloch {,Jahr€sh. 1849, p. 246), forms with 
arsenious oxide a definite oxychloride, boiling at 110°; but according to IJurtzig a. 
Gcutlier {A7in. Ch. Pharm. cxi. 169; Jahresb. 1859, p. 186), even when the two 
subsbincos are mixed in equivalent proportions, the only products formed are arsenious 
cJiloride and phosphorus oxychloride, which separate on fractional distillation : 

As"0=» + 3PCI' - 3POCl“ + 2AsCl». 

4. With arsenious chloride the oxide unites directly, forming an oxycliloride, AsClO or 
AsOP.As-0* (i. 386). — 5. Solutions of arsenious oxide treated with stannous chloride^ 
yield stannic chloride, metallic arsimic, and gaseous hydride of arsenic (Kessler, Jahresb. 
1861, p. 265). — 6. The same solutions reduce potassio-cupric tartrate with separation 
of cuprous oxide (Tcrreil, liidl. Soc. Chim. 1862, p. 64). — 7. Aqueous arsenious 
oxide heated to 200° with phosphorus^ yields phosphide of arsenic (Oppenhoim, 
liulL Soc. Chim. [2] i. 163). 

Combinations vnth other Acid Chides. — The compound of arsenious with arsenic oxide, 
2As*'()^.Ab'^0\ which Bloxam obtained by the action of chlorine on arsenious oxide, 
has been already moiitiomKl. It may also bo formed by heating arsenic oxide with 
an excess of aixcnious oxide. It is transparent at first, but solidifies after a few 
days to a glass, having the aspect of porcelain. 

With sulphuric oxide, arsenious oxide forms th« compound As'O^.SO*, in small 
tiibular crystals, wdiich sometimes occur as a product of the roasting of native 
metallic sulphides containing arsenic. Tlioy deliquesce in moist air, decomposing 
into sul|>l’uric acid and arsenious oxide. Ileated in a tube, they are resolved into 
sulplinric oxide, which volat,ili.sos, and a residue of arsenious oxide (Reich, J. pr. Chem. 
xc. 176). Ijunrent., liy Ijcafing arsenious oxi<lo wdth sulphuric acid, obtjviued shining 
rectangular prisms consisting of 3(As“0*.S0'-‘).H‘iS0‘ (J. pharm. [3] xlv. 184). 

Acetic oxide at the boiling heat ilissolvos arsenious oxi<lo in the proportion of 
CRPO* b) As"0’*, forming a colourless syrupy llqiiitl, wdiich solidifies on cooling to a 
vitreous mass. The compound quickly absorbs moisture ; is instantly decomposed by 
water inb) acetic acid aial arsenious oxide ; ami when hi'uted bj 220° gives off a 
large quantity of carbon dioxide, with traces of arsenotted hydrogen, while acetic 
jiciil pmsscs over, and metallic arsenic remains behind (yehutzeubergor, Compt. rend, 
liii. 638). 

Aiisknttks. The experiments of llloxam {Chem. Soc. J. xv. 281), compared with 
those of other chemists, appear to show' tliat arsenious acid is tribasic, forming 

Trimetallic .salts, IVPAsO’ or ]Vi=>(AsO'*)2 
Diniotallic salts, M'lIAsO* or M' JlAsO^ 

Monomebillic salts, MH-AsO^ or M"lP(AsO’)^. 

There are also a few salts, which may bo called py ro -arseni tea, having the 
coinp)sit ion 2M-O.As-’0^ or Mb\s"0-’, and acid arsonitos, M‘=0.2As*0“ and 2IVP0.3As®0^, 
wdiich may bo reganled as compounds of meta-arse ui tos,' MAsO*, with free 
arsenious oxide : 

M-’0.2As’«0=» = 2MAs02.As20* 

2M'-0.3As-0" = 4MA8 G^s-0*. 

Solutions of the alkaline arsenites when expoj^ to the air, gradually absorb 
oxygon and are partially converted into arsenates (Fresonlns, Jahresb. 1866, p. 382; 
Croft, ibid. 1868, p. 173; Ludwig a. MAcdonnell, 1859, p. )<14; F. Kessler, ibid, 

1861, p. 262). 

Ammonium salt. — The formula lfe[*AsO’, assigned to this salt by Pasteur 
{Jahresb. 1847-48, p. 424) and by De Luynes {ibid. 1857, p. 269), has been confirmed 
by Bloxam. 

The bar iu7n salt, obtained by adding barium chloride to a solution of arsenious 
oxide in ammonia, or by precipitating the sodium salt NaAsO^.As^O* with 1 at. 
barium chloride, appears to have, when dried at 100°, th^composition Ba''H.^(A80*)* 

Copper salt s. — On mixing a dilute solution of^tassium diarsenite, 2KAsO* As^O*, 
with cupric sulphate till the precipitation is complete, the precipitate dried at 100° 

5 
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consists of a mixture of tho salt Cu''nAsO* with arsenious oxMo. The acid flltrato, 
mixed with an additional quantity of cupric sulphate and neutralised with ammonia, 
gives a precipitate consisting mainly of Cu'HAsO*. Tho precipitate obtained with 
tlio salt 4NaAs0''‘.As*0* was found to contain 2 35 at. Cu to 1 mol. of As^O* and 0*92 
mol, of water. Schcole’s green appears to have a similar composition. Aqueous 
arsenious acid forms witli sulphate of cuprammonium a precipitate which when 
air-dried consists of Cu"HAs()^.ir*0, and after drying in a vacuum over oil of 
vitriol, of Cu' HAsO* (Bloxam). 

Lead salt. — Tlie salt Pb''*IP(AsO*)* is obtained by precipitating potassium 
diarsenito, 2KAs0-,As*0‘\ with lead nitrate. A dlplumbw salt or pluvdnc pyro~ 
arsenite, Pb-As*()' or 2Pl)0.As-0* (at 100*^), is formed on mixing a solution of 
2 niols. lead acetate ctnitaining excess of ammonia with an aqueous solution of 
1 mol. arsenious oxide. 

Magnesium salt. — A cold-saturated aqueous solution of arsonjous oxide is not 
jirecipitated by nwigncsiuiu sulphate till after the addition of sal-ammoniac and 
ammonia; but prcclpit-itiuu then takes jibice, even iu very dilute solutions. Tho 
jiroeipitate dried at 100° coii.sisUs of MgllAsOMPO ; at 205°, of MgLIAsO* ; and 
above 205°, of 2MgO.As‘0* (Bloxam). 

Potassium salts. — Tho acid monopotassic salt 2KlPAsO’.As’*0* (or 
K*U.2ir-0.2As*0* + aq.) is obtained hy digesting pitjis.sium curhonato at 100° with 
Hr.seuiuus oxitle;* it forms rectangular prismatic, cry.sUds, which give off water at 
100°, and are converlKl into a compound of an acid pyroarsenite with arsenious 
oxide, K-'JPAs''O^.A.s*Oh Heated more strongly in a current of dry air, it gives off 
another molecule of water, .'iml melu to a yellow liquid, whicli solidifies to a yellow 
vi.'^cous mass, consi.'^ting of u inctar.'<enito comhined with arsenious oxide, 
2KAsO“.As-()® (or X-^0.2A8‘()“). Wlien potassium carbonate is boiled with arsenious 
oxide, the latter expels only three-fimrllis of tho carhouic acid, and tho solution 
when concent rated yields crystals of tho salt 2Kjr“As()* ahovo doscribed; but if tho 
whole 1)0 evaporated at 100°, a crystalline mass is obtained, consisting of the 
joToarsenite comhined with metar.semous acid, K'Hr*A.s'*()\UAs()’^ (or 2K''^0.3A8“0* 
+ 811*0). This last salt does not give oil' its water till raised to a higher temporaturo, 
hut ulliniiitely soliilifle.s to a crystalline m.ass (Bloxam). 

Silver .mils, — A dilulo sohition of the aci<l pota.ssinrn salt KIPAsO® gives with 
silver salt.s a bulky yellow pn-tdpilate, wliicli becomes erystalliue, and appears to bo 
a mixture of the triargenlic salt Ag’AsO’ with acsenious oxide. The filtered liquid 
is acid, ami gives with ammonia and excess of silver nitrate a yellow precipitate 
of triargenlic arsenite. 

Sod item sal is . — Arsenious oxide roacts with sodium enrbonate in tho same manner 
HS with jmtassium carbonafi!, but tho soilium ar.senitcs have not boon obtained in 
definite cryst.-ths. When tho mas.*: olAaincd with exco8.s of arsonioua oxide was dried 
at lothh tho ro.sidue exliihited the composition Na*0.2A8*0® or 2NaAb0^A8*0’. On 
<'vaporating a solution of 3 rnol. arsenious oxide with 2 mol. srxlium carbonate, a 
black syrup was ol)tainod, wiiich becam'J colourless when loft to evaporate, and when 
dried at 1(10° yielded a confusedly crysUvlliuo mass of tho salt 2Na^0.3A8''0'* or 
4NaAs0hA8'^0* (Bloxam). 

Zinc sails. — A solution of zinc sulphate mixed with ammonia and sal-ammoniac and 
filtercHl, forms w'ith a saturated aqueous solution of arsenious oxi<le, a bulky precipitate, 
which afterwards changes to microscojiic spherical groups of crystals; at 10X)° it 
f'>rm8 a nacreous powder, consisting of Z!i’(A80*)*. Tho liquid filterwl thorofrfim 
yields, on jiartial neutrali8atiQ|Bt’irith sulphuric acid, a precipitate similar in com- 
iKtjjition to the preco<ling; on n«|bpalising it completely, a salt was obtained containing 
cxc( Hs of arsenious oxide (Bloxam), 

Ethyl Absknitk. ((7H*)*AsO*.-^Produced: 1. By the action of arsenious oxide 
on ethyl silicate at 220°, and separated b^^istillation. — 2, By heating ethyl iodide 
with yellow silver arsenite. — 3. Together wn& ethyl oxide, ethylene gas, and silica, 
by heating arsenic oxide with otliyl silicate to a temperature above 220°; on 
distilling the product, the ethyl oxide passes over first, then tho ethyl arsenate 
between 160° and 200°. Ethyl arsenate is a liquid boiliB|r without decomposition at 
166°-1C8°, and having a density of I'224 at 0°. Vapour-density « 7*197 at 283°; 

7 380 at 267° ; by calc^tiou ^2 vol.) = 7*267. It is instantly decomposed by 
water, with precipitation HT arsoniouft oxide. It is not acted upon by alcohol, ether, 
or ethyl acetate (Crafts, Ml. SefC.^itjkm. [2] viii, 206). 5 

* This Mit appewn to be identtcal with PasteuTs acid salt obtained tiy boiling csnitle poUwli 
Wm exosH of arsenious oxide, and pret^tating wttti aJoohol (h 877), 



AESENIC: oxides. 


AttsPNic Oxide, Acid, and Sadts.— For the preparation of arsenic acid on 
thriarco scale, Girardin (J! Pharm. [3] xlvi. 269) recommends a pro^ss which 
consists in treating a concentrated solution of arsenious oxide in hydrochloric acid 
with chlorine gas, and subsetiuently distilling the liquid to the crystallising point. 

Th„ imvWcL'rarhws of solutions of arsenic acid of various strengths hare been 
detonlfifJd%- k Schifr(J,m. CA. PMrm. cxiiL 183): 

Fcrceutage of R^AsO* Sp. gr. at 


Arsenic oxide treated with fhosphorus pc7itachloride, yields arsenious chloride, phos- 
phorus oxychloride, and free chlorine (Hurtzig a. Geuther, Ann, Ch. Pharm. cxi. 159) ; 
+ 5PCP = 2AsCP + SPOCl* + 2CP. 

Arsenic acid hoilod with very strong hjdrockloric acid is gradually converted into 
arsenious chloride : 

IPAsO^ + 51101 = AsCP + 4IPO + CP; 


but with more dilute hydrochloric acid (1 pt. acid of sj). gr. 1-2 and 2 pts. water) 
no volatilisation of arsenic tnkes place (Souchay, Z^itschr. anal. Chcni, i. 189). 

Arsenic aciil in solutions containing soluble chlorides is not converted into 
Rrsonettctl hydrogen by the action of nascent hydrogen, as in Marsh’s apparatus ; but 
when no chlorine is present, as in a solution of ammonio-magnesian arsenate in dilute 
sulphuric aciil, arsenic acid likewise yields arsonetted hydrogen, though less cjuickly 
anil abundantly than arsenious acid. Hence the addition of sulphurous acid or 
hydrogen oulphido to reduce the arsenic to arsenious acid, necessary when hydro- 
chloric acid is present, is useful also in other cases (Bloxani, Pharm. J, Trans. [2] 

Arsenic acid treated in the cold with sta^mous chlorulc, yields a white precipitate of 
stannic arstuiite, 2Sn0^As-0=*, or stannous pyroarsenate, Sii'^As'^O' or 2SnO.As^O* 
(Schiif, jahresh. 1861, p. 278), * In warni solutions metallic arsenic is deposited and 
ursenetted hydrogen evolved (Kessler, ibid. x>. 265). 

Ausknates. Most insoluble arsenates are obbiined by precipitation in the amor- 
phous state, but they may sometimes bo rendered crystalline by keeping them for 
some time at the temperature of 100^. In this manner Dcbray has obtained the 
crystallised arsenates of magnesia and zinc, MnUAsOMl^O and ZnHAsO*.H*0. 
Crystallised arsenates may also bo j)reparcd by the action of arsenic acid in solution 
on the corresponding airbonatcs. In this manner the minerals olive nite, 
Cu»(AsO<)''.Cuir*Oh and haid i ngeri to, CallAsO* + fH^O, have been produced 
with their natural characters. Some arsenates heated with the corresponding chlorides 
produce arsonato-chlorides with the characters of native minerals, e.g. mimetesite, 
Pbn'l"(AsG')‘ (Pebray, Ann. Ch, Pharm. cxv. 50; cxxxiii. 230;' Ann. Ch. Phys. 
[3] Ixi. 419). Lecliartier {Bull. Soc, Chim. [21 viii. 334), by fusing calcium 
arsenate with chlorule and fluoritle of cjvlcium together, has obtained crptals having 
the form of apatite and the composition of calcium arsonato-chloride, with tlie 
chlorine x>artly replaced by fluorine, viz. Ca*(AsO*)*. Ca(Cl* ; F^). In like manner, 
by fusing magnesium arsenate with chloride and fluoride of magnesium, the compound 
Mg^( AsO ')'■*. Mg( Cr^ ; F-*) is obtained, having the form wagnerite. 

The estimation of arsenic in the arsenates of mangancftlB, iVon, zinc, load, and copper 
may bo easily and very exactly pierformed, according to H. Rose {Pogg. Ann. cxvi. 
463), by igniting the salt, mixed with sulphur, in a covered porcelain crucible through 
which a stream of hydrogen is passed, till the residual metallic sulphide exhibits a 
constant weight. For the arsenates of nickel and cobalt, simple ignition with sulphur 
in the crucible suffice.s, but the weight of the metal cannot be ciilculated from that of 
the residual sulphide. The sulphide of cobalt, however, even after repeated treatment 
with suljihur, retains traces of arsenic, which can only be removeil by solution in. 
nitric acid, and ignition of the evaporated residue with sulphur. From silver arsenate 
also it is not possible to remove the whole of the arsenic by i^ition with sulphur in a 
stream of hydreogon ; similarly with the arsenate of aluminium, and the arsenate of 
magnesium and ammonium. 

The arsenates of alkali-metal are easily and completely converted into chlorides by 
ignition with sal-ammoniac; tliose of the alkali-earth metals less easily; magnesium 
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arsenate retains part of its arsenic, even after ignition with Bal>ammoniac in a stream 
of hydrogen ; so likewise do the arsenates of the heavy metals, as iron, cobalt, or nickel. 
Acid ammonium sulpliato decomposes arsenates more easily and completely than sal- 
ammoniac ; but the fused sivlt attacks the porcelain crucible so stnuigly that the 
quantity of the residual metallic sulphate comes out. t iw high. Arsenate of magnesium 
ami ammonium, and the ni'sonntcs of sodium, atlciiim, uud Imd, nro converted into 
sulphates froe from arsenic, even by a single fusion with acid aiumonium sulphate (Hose), 
Ammoniu fn Arsenaies. — The crystalline precipitate pnHiuced hy adding con- 
centrated aqueous anmionia to a solution of diainmonic arsenate, (NlI^)*HAsO\ 
consists of the trianinionic salt, an<] after drying betAveen bibulous paper has the 
composition {NIl^)^As0'.3H*0 (Uebsmaini, Jixhresh. 18.09, p, 185). Triammonic 
arsenic is likewise obtiiined by saturating with aiiiinouia a solution of arsenic acid 
puthciently concentrate<l to yield a cry.stal line precipitate on cot>ling (Salkovvski, J. pr. 
Chem. civ. 129 ; Bidl. Abe. Chim. [2] 447). Acconling to Scliift’ (ihid. IG), the sp. gr, 
of the diainmonic salt is r989 ; of the monaiumonic salt, (NlL'‘)ir-AsOh 2‘249, 

Bariuin Arsenates. — The triharic salt Ba‘‘(AsO‘)-, obtained by precipitating an 
ftiumouiacal solution of arsenic acid witli barium chloride, becomes perfectly anhydrous 
at a little above 10U°. It is nearly insoluble in water cotiUiining ammonia, more 
soluble in pure cold water, still more in water containing sal-ammoniac (Field, Chem, 
Soc. J. xi. 6). 

The monoharic salt BalTAsOMl-O is obtained in (pnulratic octohodrons by dissolving 
precipitate<l amorphous barium arsenate in acetic aci<l, and leaving the solution to 
evajtorutc (Sc'hiefer, J^iArc.sA. 18(54, p. 237). Tlie .same salt is obtained by precipitating 
a solution of disodic arsenate with barium ehloride. By digestion witli ammonia it is 
more or les.s converted into the 1 ribaric .salt Ba*(AsO‘)“. T'lie monobaric salt dissolved 
in hydrochloric, acid ami mixed' with .sal-ammoniac, gives with ammonia a precipituto 
of an arsenato-chloride, B.iCT*.3Ba\ AsO*)- (SalkowsUi). 

Bismuth /f ^c, Bi"'AsO', is obtained ns a precipitate liy adding to an acid 

solution of bisiiuitli nitrate eitlnT a solution of disodic or frisoilie arsenate or of 
arsenic acid. The whole of the Vii.sinulli is tlu'ccby precipitatiMl, so that the reaction 
nv.ay bis made available for the quantitative estimation of that metal. The salt dried 
at lOa'^-120- r<*tains ^ll*(.), ]t is quite in.solublo in nitric acid, slightly soluble in 
exces.s of bismuth salt ; it <li.ssolves in hydrochloric acid, but the .solution is eoniplotely 
precipitated by water, and by repeating the jiri'cipiLition several times the precipitato 
may be completely ileprivod of arsenic acid (Salkowski). 

Cadmium Arsenates. — Tiie salt 5Cd0.2AH“()* + 3aq., or porliaps Cd“(A80')*. 
2<ldllAs()* 4- 4aq., is ]>rccli>itated on adding disodic arsenate to C4idmium snlphato. 
The fricadrnic salt 2C(F( AsO’p’. 3jup is formed by precipitating a cadmium solution 
with trisixiic arsenate (8alkowski). 

Calcium Arsenates, — l)ebr\Y (Ann. Ck. Phar?n. cxv. 50), by digesting calcium 
carbonate udlh aquwms arsenic acid at ordinal^ tempeialures, lias obtainwl the salt 
CallAsO* with various quantities of water according to the tempenituro, viz. 
CallAsOM^aq, (haidingerite) at ordinary temperatures; CailAsObaq. at 
70^; CallAsO* nt 100^. Salkowski obtains this salt with 1 rnol. water by 
prttci pi tilting civlcium chloride with disodic arseuatx! ; it gives off this molecule 
of water at 160'^, and at 240'^ begins to chungo into pyroarsenate. On adding 
calcium chloride to an oxcos.s of dis^jilic arsenate, a precipitato is formed having tho 
more complex composition Ca*'IFNa^(As()^)*- 8aq. This salt gives oif 4ir‘'0 ut 130". 
Tho slightly acid liquid filtered from this precipitate becomes cloudy on boiliiij^, but 
clear again on cooling. On filtering it at the boiling lioat, the salt CaHAsO* , oq. is left 
on the filter. The tricalcic mU Ca*(A80^)^ is nearly insoluble in water containing 
ammonia. Ammonia -calcic arsenate, Ca(NIl*)ABO^, is easily prepared by mixing a 
^dution of calcium chloride with a large excess of ammonia ana tri-amraonic arsenate ; 
it separates from dilute solutions in largo needles, from concentrated solutions as a 
white crystiillino powder; dried at 100" it contains 2Ca{NH*)A80^.aq. ; at 140" it 
becomes anhydrous- It is nearly insoluble in aramoniacal water, more soluble in 
pure water, still more in wwter containing sal-ammoniac (Field). 

Cupric Arsenates, — The salt 2CuHAsO*. 3aq, is obtained in the crystalline 
form by digesting cupric carlxmato with aqueous arsenic acid at 70®. By digesting 
amorphous cupric arsenate (tri basic) witli solution of cupric nitrate or sulphate, 
metallised salts are obtained, viz. Cu»(AsO‘)*.4aq. at 70®, and Cu*(AsO*)*.CuH*0* 
^Hrenite) at a little above 100®. The last-mentioned product is obtained more 
distinctly crystallised by performing the digestion in scaled tubes at 150®-160®, It 
may also be prepared from the former hy irate, Cu*(AsO‘)*,4aq., by digestioii with 
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water containing cupric nitrate or sulphate at 250°-270® (Debray, Jahresh. 1860, 
t) 72'» Cupric sulphate precipitated by diammonic arsenate yields the salt 
6Cu0.2As20':3aq. or Cu*(AsO*f .2CuHAsOA 2aq. By adding ammonia to the 
mixture a cuprico-ammonic arsenate is obtained (Salkou sti). 

Ferroso-ferric Arsenate. — To prepare this salt, which is used in medicine, 
Wittstein iZeiischr. f. Chein. 1866, p. 256) precipitates a solution of 3 pts. 
crystallised ferrous Bulphato in 60 lAa. water with 2 pts. dry sodium^ arsenate in 
40^ pts, water in the cold, and dries the washed white precipitate in the air on plates ; 
it then remains in dark lumps of a deep grass-green colour, which yield an olive-green 
powder. The reaction is represented by the equation 

4Fo".SO* + 4Na'-'IIAsO^ == 4Na'-'SO-* + IV(AsO^)* + Fe"H<(A60*)2. 

The composition of the air-dried preparation is rciirosented by the formula 
2[Fe2(As0<)2.8ir‘0] + 3[lV(As0<)M6H*0]. 

It gives off part of its w^ater at 100°, and the rest at a red heat, without loss of acid. 
The solution filtered from the precipitate gradually deposits yellowish white ferric 

arsenate, iV(As20‘)^8TP0 or Fe“0^As=0\8ir-0, which when ignited leaves the 
brown compound 3Fe'^0^2As''^0\ 

Lead Arsenates. — According to Salkowski, the salt PbITAsO* is precipitated on 
mixing the solutions of load acelato and disodic arsenate. Most authorities however 
state that the tri plumbic salt Pb=’(AsO^)2 is formed under those circumstances 
(i. 382). 

Lithium Arsenates.~-Tho salt 2Li^AsO*.aq. is obtained as a pulverulent 
precipitate by saturating arsenic acid with lithium carbonate and adding ammonia. 
A solution of this salt in free arsenic acid yields by spontaneous evaporation 
deliquescent rliombic iUMsms (of about 142°) of the monolithic salt 2LiII‘^A60^ 3aq., 
whitdi is decomposed by water into arsenic acid and the trilithic salt (Rammolsberg, 
Logoff. An 7 i. cxxviii. 311 ; Jahresh. 1866, ji. 160). 

Magnesium Arsenate. — According to Schiofor (t7rtArr66. 1864, p. 237)» the salt 
obtained by dissolving the residue loft on igniting ammonio-magnosium arsenate in 
acetic acid, and leaving the solution to evaporate, has the composition MgHAsO^.Saq, 
A solution of niiigiicsia in nn equivalent quantity of aqueous arsenic acid yielded a 
crystsillino highly dcdiquoscont salt, supposed by Schiofor to consist of Mgll^^AsO^)^. 
According to Keischauor {Jahresh. 1865, p. 175), magnesium arsenate obtained by 
precipitation has, when air-driod, the composition 2MgHAsO* . 13aq., and after 
drying in a vacuum, 2MglIAsO‘.6aq. 

A 7 Hmonio- 7 Hagnesium arsenate, Mg(NII^)AsO*, is Yory slightly soluble in pure water, 
nearly insoluble i n water containing ammonia, more soluble in solution of sal-ammoniac. 

Prom the recent experiments of Presenius {Zeiisvhr. anal. Ohem. iii, 206), it 
appears that 1 pt. of the salt dried at 100° (Mg'IIAsO A ^aq.) dissolves : 

a. In 2,G56 j)ts. water at 15°. 

b. „ 15,038 „ dilute aqueous ammonia (1 pt. aqueous ammonia of sp. gr. 0'96 to 

3 pts. water). 

c. „ 843 9 „ coriccntratod solution of sal-ammoniac (1 pt. NH^Cl to 7 pts. 

water). 

d. ,, 1,315 „ dilute solution of sal-ammoniac (1 pt, NH^Cl to 70 pts. water). 

e. ,, 2,874 ,, mixture of 60 pts. water, 10 pts. aqueous ammonia of sp. gr. 0*96,. 

and 1 pt. sal-ammoniac. 

Consequently 1 pt. of the anhydrous salt Mg''(NH^)AsO^ requires for dissolution 
the following quantities of the solvents above mentionea : 

a. h. c. d. e. 

2,788 15,786 886 1,380 3,014 pts. 

See also Field {Chem. Soc. J. xi. 6). 

P'rom tlie obser\'ations of H, Rose {Zeitschr. anal. Chem. i. 413), confirmed by 
Wittstein {ilnd. ii. 19), it appears tliat ammonio-ma.gnesium arsenate when heated, 
cautiously at first, afterwards till the crucible is almost red-hot, gives up all its water 
and ammonia, and leaves pure dimagncsic arsenate, Mg*As*0' or 2MgO.As’0*, In 
estimating arsenic by precipitation as ammonio-magnosium arsenate, the precipitate 
may therefore be igriit^ without fear of losing arsenic, and the trouble of drying the 
precipitate in a vacuum or at 100°, as formerly recommended (i. 367), may be saved. 
The process thus conducted affords the quickest and most exact of all methods of 
estimating arsenic. ^ 

Ma7iganese Arsenates, — Mono?naftganoi(s arsenaUt MnH^AsO*)*, separates on 
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evaporation from a solution of recently precipitated manganous carbonate in excess of 
arsenic acid, in deliquescent rectangular laminae (Schief»). Igclstrom (J. Chetn, 
xcvii. 60) describes, under the name of Kondroarsenite, a basic manganous arsenate, 
2(5MnO . A8*0*) . 6H*0 or 2Mn*(A80*)*. 4MiiH*0*.H*0, from an iron and manganese 
mine in Wermland, Sweden. The mineral is implanted in small yellow or reddish 
yellow, translucent friable grains on a heavy spar which traverses hausmannite in 
veins. 

Nickel Arsenal es . — The stilts Ni*(A80*)* or 3NiO . As®0^ and Ni*(A60*)*. 2NiO or 
5NiO. As'^0' have been recognised by Borgemann (»/, pr. Cktmi. Jxxv. 239) in a mineral 
from Johann-Goorgonstadt ; the former yellow and amorphous ; the latter crystalline, 
opaque, and brownish. The trimetailie stilt has also boon found by D. Forbes {PhU* 
Maff. [4] XXV. 104) in a half-decomposed greenstone (traversing the Jura beds of the 
Atacama Itesort, about twenty leagues otist of the port of Flamenco). It occurs in 
sulphur-yellow amorphous crusts containing 50’63 p. c. As*0*, 48 24 NiO, 0‘21 CoO, 
0-57 CuO, and 0 62 Bi W ( = 1001 7). 

A nickel^colmlt arsenttie, 2(NiO ; CoO). Aa*0^. 811*0, or perhaps 2NiHA80».7H*0, 
occurs in the stimo lociility, tis a minenil of greyish-white colour, silky to resinous 
lustre, lumlness 2 ft, and sp. gr. 3 086. It gave by analysis 44 05 As'^O*, 19*71 NiO, 
9*24 CoO, and 26*98 water ( - 99*98). 

Potassium Arse7taies — The monopotassic salt KII*AsO* has, according to 
!i sp. gr. of 2*832, 

Silver a -According to Kiilm ( Ji-iArcsfi. 1867, p. 2iy7 % tho triargentio 

salt Ag^AsO' may be obtained as a dtirk purple crystalline precipitate, by nfixlng 
solut ion of silver nitrate at the boiling heat with a concentratod, almost syrupy solution 
of arsenic acid. This salt is solnble in arsenic acid, and the solution, kept for some 
days in a warm place, deposits a white crystalline powder consisting of Ag*0.2As*0*, 
or a compound of argentic metarsenato with arsenic oxide, 2AgA8C>*. As'^O*. Water, 
e.specially if hot, decomposes this salt into arsenic acid and the normal arsenate 
(Ilurtzig a. Oeuther, Afin. Ch. Pharm. cxi. 169). 

Sodium Arsenates. —To prepare the ordinary arsenate, NamAsO*, on 

the large scale, for use as a mordant, &c., Higgins {JHngl. pol. X clxxiv 823) 
disHolves arsenious oxide in 8^>da-ley, evaporates the s/>iution mixed with sodium 
mtrjjto, and calcines the mixture in a reverberatory furnace. The solution of the 
residue in aqueous sodium carlionato yields on evaporation crystals of the salt 
NadI.VsOM2i;q. R. Wagner {ibid, clxxiv. 323) first prepares tricalcic arseuaato by 
tile action of iodine on a mixture of arsenious oxide and calcium hydrate ; 

As*0* + ftCaHW 4- 1* — Ca*(AsO')> + 2CaI* + 6H*0; * 
then se^rates the dissolved calcium iodide (which is used in photography) from the 
undissolved calcium arsenate; and decomposes the latter by boiling with aqueous 
stxlium carbonate. The same salt may be obtained from the arsenifoivms mother- 
liquors of the preparation of aniline rod (p. 166) by adding a little srHlium nitrate, 
eiai^rating to dryness, gently igniting the residue, rodissolving it in water and 
living the solution to crystallise by evaporation (E. Kopp, Pull. Soc. Chim. [2] li 


““y prepared, not only by 
'n)xinK the solution* of the disodic ami diammonic salts (i. 384); but also by mijtinff 

wf P**- Na»HA«OM2mi. will, 1 pt. ^d-n^moniac 

aramomacal water. The concentrated solution of this salt mixed 
ammonia yields a precipitate consisting of faintly lustrous 
bihn^ lamin», which, after washing with ammoniacal watei^nd pressure between 
fssT Na(NH«)»AsO-.4m). (Uehtmann, 

18l9,V‘l6j,“LI^''folto,^V’® “ determined by Schiff (JbW. 


Nall^AsO* , aq. , 
Ha»HAsO«. 12aq. 
Ha*HAsO*.7aq. . 


2*686 Na»AsOM2aq. . 
1*670 Na(NH^)HA80^4aq. 
1*871 NaKHAsO*. 7aq. . 


Acco^ino- *'**'’^* oblique, nearly rectangular laminas (Schiefar) 

precinitA^ ^ S^kowaki^trontiura chloride mixed with disodic arsenate yield# a 
I arsenate, arNaAs0^aq., and the 

arsenate, 9rHAs(H.aq. «« «»« muws au bcnlug 
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Thallium Ar 8 enate 0 .— See Tklllivu (v. 753, 756), 

Tin Arsenates,— On adding gtannous chloride in excess to an aeetiemdd solution 
of potassium arsenate, a crystalline precipitate is formed, consisting of stannons 
arsenato-chloride, Sn*(As0*)*.SnCl*.H*0, which when heated out of contact with 
the air suddenly decomposes, with emission of white Taponrs and dexx)8itioii of an 
arsenic mirror on the sides of the vessel. By addii^ a small quantity of solution of 
stannous chloride to a concentrated acetic acid solution of potassium arsenate, a white 
flocculent precipitate is formed, which when air-dried has the composition of stannous 
pp-o^arsenOte.Sn^As^O^ or 2SnO. As^O* (Lenssen, Ann. Ch. Pharm. cxiv. 113). 

2^in(} Arsenates . — ^The compound 4ZnO . As®0* . H*0 occurs native as adamine 
Ip. 57), By adding disodio arsenate to zinc sulphate, a bulky amorphous preci- 
fftate 18 fcffmed, consisting of the salt 6Zn0.2A8'‘O* with 4H®0 at 100° and 3H®0 
at 120°, or of Zn®(A80*)*.2ZnHA80^ with 3H*0 or 2H*0. The trizincie salt 
^n*^AsO*)* . 3H®0 is obtained as a gelatinous precipitate on arlding trisodic cursenate 
to sulphate (Salkowski). 

Etkyi, Arsisnate. (C*H^)>AsO*. — P repared by heating silver arsenate in slight 
excess with ethyl iodide mixed with two volumes of common ether. The product is 
washed with ether to dissolve the ethyl arsenate, the ether driven off at 100°, in a 
current of carbon dioxide, and the remaining liquid is distilled under reduced pressure. 
Ethyl arsenate has a density of 1*326 at 0°, 1*316 at 8°. Under a pressure of 60 
millimetres it distils completely between 148° and 153°; at 760 mm. it^distils between 
235° and 238°, but with partial decomposition towarrls the end of the operation, 
arsenic oxide being loft behind. With water it forms a limpid solution which reacts 
like aqueous arsenic acid (Crafts, Bull. Soc. Chim. [2] viii. 206). 

Sulphides. The precipitate formed by hydrogen sulphide in a solution of arsenic 
acid or of an arsenate acidulated with a mineral acid, is a mixture of sulphur and arse- 
nious sulphide, As^S*, in the proportion which would produce the pentasulphide (i. 391 ) : 
the sulphur may be dissolved out by carbon bisulphide. According to Euchs {Zeitsohr. 
anal. Chctu. i. 189), the pentasulphide As^S* may be obtained as a light yellow 
procipibite by mixing a dilute solution of sodium sulpharsenato with dilute hydro 
chloric acid. According to Fliickiger, on the other hand (Jakresh. 1863, p, 232), the 
precipitate thus obtained (or with acetic acid), though it dissolves completely in 
ammonia, nevertheless reacts in this solution like a mixture of the tri sulphide and 
free sulphur, inasmuch as it soon deposits sulphur and leaves on evaporation a 
mixture of arsonito and hyposulphite of ammonium. An ammoniacal solution of the 
trisulphido docs not by itself deposit any sulphur, but oa.siIy takes up 2 atoms of 
sulphur, and thou reacts as above. 

Trisod'u' Sulpkarsenate, 2Na*AsS* 15H*0 or 3Na®S. As^S*. 1511^0, is easily obtaine<l 
in fine crystals by saturating a quantity of s(xla-ley containing 10 pts. of soda 
with hydrogen sulphide, and dissolving in the liquid, with aid of heat, 26 pts. of 
arsenious sulphide and 7 pts. of sulphur. The solution is evaporated, if necessary, 
till a few drops placed on a watch-glass crystallise, then filtered, and left to cool 
slowly ; and the pale yellow crystals thus obtained are washed with a small quantity 
of water (Fresenius, Zcitschr. anal'. Chem. i, 192). 

A-BAFOBTllJA, This gum-rosin, purified by dissolving it in' alcohol, distilling 
off the greater part of the alcohol, and precipitating the residue with water, gives off, 
when ftiscd with 3 pts. of potassium hydmte, a thick arohiatic vapour ; and on 
dissolving the fused mass in water (4 pts, water to 1 pt. of potash used), acidulating 
the solution with dilute sulphuric acid, filtering to separate resin, and agitating the 
solution three times with an equal volume of ether, distilling the ethereal extracts, 
and evaporating, protocivtechuic acid and resorcin are obtained in tlie proportion of 
33 grms. of the former and 22 grms. of the latter to 11 ounces of the resin. 

The protocatechuic acid is pi^uced from an acid called fern lie acid, which exists 
reody-formod in asafoatida, and is obtained as follows : The alcoholic tineture of the 
resin is precipitated with an alcoholic solution of neutral lead ac^te ; the light 
yellow precipitate is freed as completely as possible from adhering resin by repeatetl 
dissolution in alcohol and messure ; and decomposed, after suspension in warm water, 
by dilute sulphuric acid. The filtered liquid duly concentrated yields a crystalline 
mass of cnule ferulic acid, which, after recrystallisation from alcolufi and then from 
boiling water, forms long, colourless, four-sided needles belonging to the rhombic 
system, the faces of which taper to the apex without combination-efiges. 

Ferulic acid is tasteless, has an acid reaction, dissolves easily in cold alcohol, not 
very easily in other, scarcely at all in cold water, but completely in boiling water, 
yery easily and with yellow colour in alcohoL The aqueous solution is precipitated 
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by nectfal lead wsatote and ferric chloride; the ammoniacal solution forms wfth 
nilrer nitmta an e^-yellow precipitate quickly becoming darker on exposure to light. 
Strong stdphuric acid dissolves the crystals with yellow colour, and on heating, with 
brownish-red colotir, the solution exhibiting a green fluorescence, which disappears on 
dilution with water. 

The analyses of ferulic acid and of its salts lead to the formula The 

acid melts at 163®-154°, and solidifies in the crystalline form; t^ed with potash, it 
yields as chief product protocatediuic acid, together with small quantities of oxalic, 
acetic, and carbonic acids. By dry distillation it yields a viscia oil ilftielling like 
phenol and guaiacol, in which, after long standing, crystals (probably of pyroQati^^a) 
make their appearance. 

Ammonium ftrulate, C“iP(NH*)0*, separates from its solution by««p09t^ 
evaporation in laminar crystals, which give oiF part of their ammonia at 100®. 
potassium salt C‘*H*K*0^ is straw-yellow, deliquescent, and very sparingly soluble Ipi 
alc*)hol. The tUmr salt C*“H®AgO* is a lemon-yellow precipitate soon changingi!l||i^ 

A8R OF OBOAWXC BOBZS8. E. Roichardt recommends the following 
prooitss for the preparation and analysis of ashes. The substance is charred at a 
low red heat in a loosely covered crucible ; the charcoal is rubbed to powder, repeat* 
(slly boile<l out with water, and the filtrate is immediately mixed with excess of silver 
nitrate. The residual charcoal is then exhausted with warm water containing nitric 
ac id, and the bxtraet, together witli the w%‘ish -waters, is mixed with the first liquid. 
The cliarcoal is next iiicineratt'd, and the ash is oxhaustcKl, first with water, then with 
hot strong nitric acid. These solutions are mixed with those first obtained ; the 
iiii.\turo is acidulated, if necessary ; and the precipitate, consisting of silver chloride and 
sulphide (the latter formed from the metallic sulphi<le8 produced in carbonisation), is 
c-ollfcted on a filter, weighed, and dried at 100°, and tretiled while still moist with 
lunmonia to dissf)lvc the silver chloride, which compound is to be reprecipitatod from 
llu^ filtrate by nitric acid. The weight of the silver sulphide dried at 100° gives by 
calculation a part of the sulpnuric a(*id in the ash. The residue loft on treating the 
ash with nitric acid is warmed with strong hydrochloric acid, diluted, filtered (any 
insoluble p)rtion being examined for silica), ami the filtrate is mixed with that wliich 
has mil from the silver precipitate. Any silver still remaining dissolved is precipi- 
tated by liydr(x,diloric acid; the liltmto is evaporated to dryness b) separattJ silica; 
and the solution obtaine<l by digesting the drio<l residue with acidulated W'ator is 
divided into two p)rtion8, one of which is used for the determination of sulphurie 
acid and alktilis, the other for the remaining constituents, according to known 
met hods. 

Soda in Plant-ashes. — To detect the presence of soda in plant-ashes, Pcligot 
{7AUckr. anal. Chem. vi. 473; Jahrrsb. 1867, pp- 763, 832) mixes tlui aqueous extract 
of the ash with baryta -water, filters, and evapirntes the fiitrnfe after having thrown 
down the excess of baryta by cjirbouic acid. The filtered liquid is then supersaturated 
with nitric .‘icid and evaporated to the crystallising point, whereupon pjhissium nitrate 
crystallises out. The mother-liquor is evapc#rated with sulphuric acid ; the strongly 
igniteii residue is di.ssolved in watcT ; and the solution, after the greater part of the 
P<>taHsium sulphate has crystallised out, is loft to evaporjito spontaneously, whereupon, 
if hfda is absent, nothing but transparent prisms of potassium sulphate make tJioir 
aj>ponnince, whereas in the contrary case, efflorescent CTy'stals of sodium sulphate 
will bo obtained. These latter are distinctly recc^ni sable even when the saline mixture 
c^mtains only 2 p. c. of sodium sulphate. 

By this method Peligot finds that the greater number of plant-ashes do not contain 
S(xlium. Such is the case, for example, with the following plants : Wheat and oats 
(grain and straw) ; potatoes (tubers and stems) ; oak and white beech (wood) ; 
tobacco, mulberry, pseo^, c.astor-oil plant (leaves); beans, vine-shwjts, Parietaria, 
^.yps^^phila pube^ns, dhenoprxlium quinoa, spinach, and parsnip. This last plant 
grew new o^ersmosUy belonging to the atriplicoous and chenopcxlious families, which 
contain soda to a greater or less amount. In the ashes of the following plants, sodium 
was found (chiefly as chloride), though potassium salts predominated : Man^ioW-wurxel 
(leaves and roots), orache, Atriplex hastata, Chenopodium mnrale, Mercunalis annua, 
Aostera, and Fucus. 

AS8« VOX^ASrsO. The follofwing are analyses of volcanic ash fwm the islands 
of the Indian Archipelago. Analyses by P. F. Maier : ash from the Gumiiig 
Guntmr in Java, fallen, I, on Januaxy 4, 1843 ; II. on November 26, 1844. Aimlyses 
by Rost van Tonningen : III. ash from Merapi, fallen September 6, 1846; IV. from 
the volcano on Temate, April 30, 1860 ; V. from the Tabncan (Tangi Islands), Haxch 
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aspIragine and aspartic acid. 

80, 1856 ; VI. from the Lamongau (on Probolingo), February 28, 1859 ; VII. from 
the Arosbaja (Isle of Madeira), February 28, 1859 (Jahresb.f, Chem, 1860, p. 808) 



I. 

n. 

ni. 

IV, 

V. 

VI. 

VII. 

SiO* 

34*23 

61*77 

43*13 

31*66 

60*40 

44*37 

49*36 

AW 

37*50 

26*77 

32*90 

46*48 

27*49 

15*68 

17*63 

re*0* 

18*18 

13*66 

10*74 

14*68 

12*95 

29*94 

22*60 

CaO 

6*72 

743 

7*39 

4*77 

6*36 

8*40 

7-80 

MgO 

0*68 

0*94 

2*23 

0*63 

0*87 

0*66 

0*38 

X* 

1*74 

0’30 

1*42 

1*60 

3 21 

0*18 

066 

H^O 

0*26 

0*32 

1*29 

0*99 

1*69 

0*16 

033 


The ashes do not contain either phosphates or potassium salts ; their specific gravity 
varies from 1’672 to 2*801. 

0. Prolls {Jahre^. 1866, p, 919) found in a volcanic ash which was ejected in large 
quantity on Januaiy 3 and 4, 1864, from the volcano of Kloet in Java (after deduction 
of 1*26 p. c. water) : 

BiO» AW FeO CaO MgO Z*0 Na*0 

63*86 20*41 8*62 7*30 6*37 1*13 3*81 

The ash was a fine, sandy, light grey powder, exhibiting, when viewed by a lens, 
fragments of white labradorite, dark green augite, and granules of greenish yellow 
olivine, but no magnetic iron ore. 

J. W. Young {Chetn. News, xiii. 73) has analysecl volcanic ash from the northern 
shore of the Isle of Arran, A ; also two kinds of fossil wood, B and C, occurring 
therein : 


/ SIO* 

A1*0* 

FeO 

Mn*0* 

CaO MgO 

CO* H*0 

Total 

a. 13*20 

8*18 

18*26 

0*78 

13*47 6*06 

8*40 3*23 


810* 

Al’O* 




CaO MgO 

K:*0&Na*0 PeS* 

99*97 

^b. 23*49 

414 ^ ^ 0-46 0*20 0*45 0*70' 

a. Docomposlble by hydrochloric acid. b. Undccomposible. 


OftCO* 

MgCO« 

FeCO* 

MnCO* 

Fo*0* 

Insoluble charcoal 


89*16 

1*26 

1*00 

2*22 

1*39 

2*24 2*46 - 

99*77 

810“ 

A1*0* & Fe*0* 

CaO 

MgO 

Loss by ignition 


V 96*30 


1*00 

073 

trace 

2*35 

99*38 


ASPAJtAOnnB and ASPJLRTXC ACX2>* The relations of these compounds 
to malamido and nialamic acid have already been considered under Malic Acid (iii. 


706). 

The following 

constitutional 

formuke 

may throw 

atlditional light upon 

them : 





* 


COOH 

1 

COOH 

1 

CONH* 

1 

CONH* 

1 

CONH* 

1 


CHOH 

CHNH* 

1 

CHOH 

CHNH* 

CHOH 

1 


1 

CH* 

CH« 

I 

CH* 

1 

I 

CH* 

1 

CH* 

j 


1 

COOH 

1 

COOH 

COOH 

COOH 

CONH* 


Malic acid. Aspartio acid. Malamic acid. 

Asparagine. 

. Malamide. 


Those formulae indicate that aspartic acidi» hibasic, malamic acid and asparagine 
monobasic, malamide neutral. Asparagine is known to form salts by substitution of 
metals for one of its hydrogen-atoms. Aspi^ic acid was formerly regarded as mono- 
basic, but the existence of the bimetallic asparbites obtained by Dossaignes (i. 424) 
clearly shows that it is bibasic. Malamide when treated with alkalis can excliange 
either one or both of its groups NH’ for OH, producing, in the former case malamic 
acid, which is monobasic, and in the latter malic acid, which is bibasic ; but asparagine, 
which is already monobasic, is converted by one such transfonnttllon into bibasic 
aspartic acid. 

Asparagine occurs in considerable quantity in the expressed juice of the tubers 
of StigrnaphyUon jatrophofo!ium, a malpighiaceous plant indigenous in Brazil (Dc Luca 
a. Ubaldini, C<mpt, rend. lix. 627). 

Buchner {Zeitschr. f. Chem, 1862, p. 117) prepares aspara^ne by subjecting the 
concentrated aqueous extract of marshrmallow root to the aialytic action of parchment- 
paper. The liquid which runs through in the course of a day or two yields on evaporation 


• Solubie salts, sodium (dilorlds, sulphate, Ito. 
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a somewhat abundant crystallisation of aspara^rine. A further quantity may be 
obtained by renewing the water in the dialyser. By the same process Gonip-Besaneas 
(Atm. Ch, Pharm, cxxv. 291) obtained from two pounds of tho fresh root of 
Scorzonera htspanica about 6 grms. of pure asparagine. 

A cold saturated solution of asparagine is gradually oxidised, with rise of tempera- 
ture, by potassium permanganaU*, yielding, as chief products, ammonia, formic acid» 
carbon dioxide, and hydrocyanic acid : 

C*H"N»0» + = CH(NH*)03 + 2C0^ + CNH + H’O# 

In presence of sulphuric acid the oxidation takes place according to the eqtmtion : 

+ O* = 2N11* + 4CO^ + H»0; 

in presence of potash, thus : 

+ O* + 4KHO =. 2NIP -f 2C*K*0* + 3IPO, 
neither carbonic nor hydrocyanic acid being formed in this wise (Campani, Zeitschr*/^ 
Chem. [2] vi. 87). 

Aspartic acid is contnined in somewhat considoniblo quantity in tho juice of 
mangold-^vurzol which has been treated with lime, and especially in tho aotolasses 
(being hirmod therein b)’’ the decoin jx>sit ion of asparagine). To obtain it, the 
nnxlerately dilute solution is precipitated with .basic acetate of load; the flltratC is 
mixed with mercurous nitrate ; the impure nicrenrous aspartate thoreby procipitiited is 
liecomposod by hydrogen sulphide; tlic filtrate is eva}>orato<l b) a syrup; ami the acid 
which crystallises out is purified by boiling with moderately strong alcohol, and re- 
crystallisation from alcohol. Tho presence of aspartic acid in the boot-juice is a 
source of error in tho estimation of the sugar by the jiolariscopo, imisrnuch as alkaline 
solutions of asparagine and aspartic, acid are hevogyrato, acid solutions dextrogyrate 
(0. »Sohoil>lor, tX Duttnn. [4) iv. 132). In tho beot-inolassoH of tho years 1867 and 
1808, Si'hoibler has found, instead of aspartic acid, an aciil haring tho composition of 
its next higher homologuo, (Drut. Ckem.. Heft. Birlin, 1809, 290). 

Aspartic acid is produccxl (together with leucine and tyrosine) when animal prf>tei*de» 
are boiled with sulphuric acid (Kreuslcr, Zt ifschr. f. Ch'in, [2] vi. 93) ; also, to- 
gether with glutamic acid, by boiling legumin or conglutin with sulphuric acid 
(Uittiiausen, ihid. 126). 

Wiien dry acid barium aspartivto is distilled with potassium ethyl sulpliato, alcohol 
is given off, and the residue conbiins, together with tho sulpliates of barium and potas- 
sium, a substance C^II^NO*, which is also .produced in the dry distillation of acid 
ammonium malate ; 


Ba’‘(OH NO)^ + 2Cm^KSO* - 2OH‘'N0» + 2C»IPO + RvSO* + 

If the potassium sulphate be first dissolved out by water, tho residue treated with 
hydrochloric acid, and water added to tho resulting solution, a bistoloss compound is 
obtained, insoluble in water aiul converted by boiling with hydrochloric acid into 
hydrc)chloride of aspartic acid (Dessaignes, J. Pharm. [3j xxxii. 49). 


ASPSXIOZiXTB. a copjter silicate from Tagilsk, so cjdle<l on account pf its 
brittleness. It forms kidnoy-sluiptMl amorphous masses, having a vitreous lustre^Hflllie- 
grt on colour, and conchoidal fracture ; har<lncss = 2*6 ; sp. gr. = 2*306. JSasily 
decomposed by hydrochloric acid, with separation of pulveniiont siliai. Cofttains 
31*94 p. c. SiO*, 40*81 <IuO,and 27*26 water, {freeing vnth tho formula CuSiO*.3IPO 
or Cut) . SiO^* . 3H“0. This mineml fovms therefore tho* thinl member of tho series of 
hydrated cupric motasilicates, thefirtttert&of wliich is formed by dioptase, Cu8iO*. H*0, 
and the second by chrysooolla, CuSiO*.2II^ (R. Hermann, «/. pr, xcvii. 


The root of Asphodeliut Kotschp (Had. Camiolar)^ indigenous on 
the AntilebanOn and €HELuraD, has been examined by Hragendorff (ZeitBchr, f. Chem^ 
1865, p. 734), in comparison with salep-root. The following are the results : 


R<^ix CamioleB. 


J>extnn (with a little arabin) . 20*9 

Arabin (with a little dextrin) . 31*2 

Jiiscd. vegt sable mucilage (cutin) . 10*0 

3 8 

f'cllulose ..... 4-8 

Protein substances . . . 4*3 


Salep-root. 

Dextrin, arabin, and half-soluble 


vegotablc mucilage . . . 48' 1 

Starch ...... 27*3 

•Sugar 1 '2 

(Mlulose 2*4 

Protein substances . . .4*9 


The ash of H^. Camiolm (A), amounting Uy 4*6 p. c., and that of falep-iTX>t (B)» 
to 2 1 p. c., exhibited the following compositi<»n : 
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A. . 




B. 




30*192 . 




23-134 




0-903 . 




9-327 




21-436 . 




20-669 




4-818 . 




3-903 




0*323 . 




0-722 




3-718 . 




2-803 




2-968 




12-820 




4-606 . 




28-792 




13-877 




2 761 




4-048 > 
6*634 { 

• 



6-644 


K*0 

Ka*0 . 

CaO 

MgO . 

Fe*0* . 

SO* 

Cl 

CO'-* 

SiO* 

Insoluble 

ASPXBXXTM rXXiXJC XlCikS. Pavesi (Arch, Pharm. p] cviii. 142) obtained 
from the root of this fern a thickish, oleo-resinous, yellowish mass, having a sharp 
bitter taste, insoluble in water, ammonia, potash, and so^la, not attacked by dilute 
nitric, hydrochloric, or acetic acid, but 8<jluble in alcohol and ether. To this substance, 
which he designates as as pi din, Pavesi ascribes the anthelmintic action of the root. 

The ash of male fern root (freed from the leafy scales, but still covered with the 
brown epidermis) amounts, according to Spiess {Chem, Centr. 1860, p. 766), to 2'74 
p. c. of the root dried at 100°. Iti? 'analysis gave 6'78 p. c. K^O, 1'17 Na^O, 37'73 
CaO, 1-27 MgO, 2*67 IVO“, 0 07 Al'-'O*, 14*87 P^'O*, 8*48 SiO'^ 9*08 SO», 3*83 Cl, 
12*80 CO’^ with 0*25 loss. 

ikSTACVS. The blood of the crawfish, Asta^ fiuviatiliSy is, when it first flows 
out, colourless, limpid, mobile, very slightly alkaline, and gives with acetic acid a 
precipitate soluble in excess of tliat reagent. It coagulates to a jelly on exposure to 
the air, or when boiled, and consequently forms a clot and serum, like the blood of 
vertebrate animals ; the clot consists of a substance resembling fibrin ; the serum 
containH albumin. The blood contains 90*89 p. c. water, 1*65 salts, and 7*66 organic 
mntkT. Tliu alkaline ash, free from c^irbonic acid, contains, in addition to the usual 
constituents of blood-ash, 2*49 p. c. cupric oxide (E. Witting, *7. pr. Chem. Ixxiii. 
121 ). 

Tlio colouring matter of the crawfish is greenish-blue, with rod patches, and in 
animals with comparatively old shells it is deposited between the shell and a thin 
membrane on the knobby parts of the shell ; it is turned purple-red by ammonia. In 
crawfish with soft shells, the blue or brown-green colouring matter is situated upon 
or utulor a soft membrane between the shell and the flesh. Tlio colouring matter 
dissolves in alcohol with bluish colour changing to red ; it is turned crimson by 
ammonia, brick-red by .'icetic acid, or by boiling with water. The rod colour produced 
by alkalis is <lestroyed by hydrochloric and by nitric acid : hence the brownish -green 
colour is perhaps the original (Witting, loc. cit.). 

ASTROPR'VlLXiXTlI. This mineral, occurring in the zircon-syenite at Barkevig 
on the Brovig fjttrd in Norway, accompanied by a black mica, an augito allied to 
»gyrin, also zircon, cataploiito, palaeo-natrolito, elseolitc, socialite, cancrinite, and other 
miniJals, has been analysed ; <r, by Pisani {Compt. rend. Ivi. 846) ; 6, by Scheerer, 
Pogg. Ann. exxii. 107; <?, by Moinoke (ibid.) ; d, by Sieveking (ibid,). * 


Silica 



a. 

33-23 

b. 

32-21 

c. 

32-30 

d, 

33-71 

Titanic oxide . 



7-09 

8*24 

8-48 

8-76 

Zircvjnia . 



4-97 

— 

— 

— 

Alumina . 



4-00 

3*02 

3-46 

3-47 

Ferric oxide 



3-76 

7 97 

8-05 

8-51 

Ferrous oxide . 



23-68 

21-40 

1806 

26-21 

Manganous oxide 



9-90 

12-63 

12-68 

10 69 

Lime 



1-13 

2-n 

1-86 

0-96 

Magnesia 



1 27 

1-64 

2-72 

0-06 

Potassium oxide 



6-82 

3-18 

2-94 

0-65 

Sodium oxide . 



261 

2 24 

4-02 

3-69 

Lithium oxide . 



trace 

— 

— 

— 

Water 



1 86 

4-41 

4-63 

485 

rom the last three 

analyses 

9911 

Scheerer 

99-05 

deduces the 

99 16 100-44 

formula 3(8M0.2S 


+ . 2SiO*, which, if M*0* be equivalent to 3M6, may be reduced to 3MO . 2Si6*. 

The mineral appears therefore to differ in composition from ordinary mica, and. 
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aocoi^ioi^ to Scheerer’i observation (Jahresh. 1855, p. 951), it also differs from mioa 
in cryetalline form, e^ibiting the monoclinic combination oP . [ao Poo ] . P3 . ^Poo , 
and always without the prism oo P of nearly 120® which occurs consUntly in miea. 
The crystals cleave parallel to oP, and are always elongated in the direction of the 
clinodiagonal. Twins occur; also stellate and cauliflower-like groups of relate 
crystals. According to Descloizeaux, astrophyllite also diflfers from normal mica in 
its optical characters. It is brown-black, bronze-brown to brownish-golden yellow 
with metallic vitreous lustre. Sp. gr, 3 3 to 3 4. Tschermak (Jahresb. 1863, p. 321) 
regards astrophyllite as a somewhat altered anthophyllite. 

ATjA.CA1IIZTB. This mineral occurs very abundantly jn the copper mines of 
Algoden Bay in Bolivia. Selected crystjillino splinters analysed by v. Bibra (J, 
Chttn. xcvi. 193 ; Jahresb, 1865, p. 913) gjive the following results : 


OuO 

Cu 

Cl 

H-O 

Total 

62-64 

13 33 

14 96 

19*17 « 

100 

63*65 

14*76 

16*56 

15*13 = 

100*09 

60 32 

14-65 

15-90 

19 23 « 

100 

62*40 

14‘00 

15-07 

1863 - 

100 


Tschermak {Ch^n. Centr. 1865, p. 616) observed on cryMt4ds of atacamito the forms 
00 P, 1*00 , oo , P, oP, 21*2. Ho finds that the atacamito sand of Chile always 
contains a perceptible quantity of sulphuric acid, arising from brochantite, 

Ilespecting the formation of atacamiU>, see Field (Chem. Gas, 1858, p. 430 ; PAiZ* 
Mag. [4] xxiv. 123). 

ATBBSOSFB&IMLA.. The bark of Atkerosperma moschatnm. has lioen examined 
by N. Zoyer, who has found in it volatile oil, fixed oil, wax, albumin, gum, sugar, 
starch, butyric acid, oxalic acid, an aromatic rosin, iiv)n-greoning tannic acid, and an 
alkaloid, which ho designates as atherosporm i n o. Tlie lca<l-compoiind of the 
tannic acid was obtained by procipituting the clarifiiwl aqueous decoction of the bark 
witii lead acetate, digesting the wclbwashcd prt*cipi1aU's with acetic acid, and exactly 
saturating the filtrate with, ammonia. The greyish-yellow precipitate thus formed 
gave by analysis, after drying, mimbors answering to tlio formula (J'®Il’^Pb"0*. 

When the bark, after being boileil out with water and treated w'ith dilute sulphuric 
nci<l, is cxhauste<l with weak soda-loy, the aromat ic resin passes into solution, and 
may be separated by precipitation with hydrochloric acid, and purifund by treatment 
with alcohol and water. It is brown-red, has a faint aromatic odour, tastes distinctly 
like nutmeg and sassafras, melts at 114®, dissolves easily in alcolvjl and in alkaline 
hydrates and cfirbonates, with difficulty in other and in turpentine oil. The analysis 
of the resin gave numbers according with the formula C'-^'ll’^O* (Zoyer, Jahreslt, 1861, 
p. 769). 

The ash, amounting to 3'G4 p. c. of the air-dricxl bark, and 4 06 p. c. of the bark 
dried at 100®, was found by Zoyer to contain 2*875 p. c. NaCl, 4'036 K'^0, 8'321 Na'^O, 
45 445 CaO, 4-361 MgO, 0191 AFO*, 0 098 PoW, 0 477 Mn-'O*, 1442 SO», 1*186 
P-0*, 1-39C SiO', and 30 005 CO*. 

Tho Volatile oil (called Victoria sassafras oil), obtained by distilling the driod^ bark, 
is pwilo yellow, has a peculiar odour, distils almost wliolly at 224 , and has gr. 

of 1 0425 at 15*5 (Ghwlstono). Respecting its optical properties, see Oils, VoLATii.a 
(iv. 186). 


ATBBMSVBBMZarB. The solution filtered from tho impure loa<l-precipitato 
mentioned in the last article yields, on a<ldition of ammonia, a precipiUite, which, 
after washing and drying, digestion with alcohol, evaporation of tho brown solution, 
mixing of the remaining mass with hydrochloric acid, and precipitation with ammonia, 
yields ^de atherosperrain© ; and by agitating this substance with carbon bisulphide, 
di^lving the mass left after evaporating oft the carbon bisulphide in hydrochloric 
iwid, and again precipitating with ammonia, the atherospermine is obtained in the 
pure state.* 

Atherospermine forms a white, somewhat greyish, light, highly electric powder, 
intxiorous, and having a pure bitter taste. It turns yellowish when exposed to 
sunshine, melts at 128®, and at a higher temperature emits an empyreumatic odour, 
takes fire, and burns away without residue ; when slowly heated it gives off an odour 
of putrid meat, and afterwards of herrings (propylamine ?). It is nearly insoluble in 
water, dissolves with difficulty in ether, more easily in alcohol, the solution haviog a 
di^net alkidine reaction ; soluble also in chloroform, oil of turpentine, and omer 
volatile oils. When dissolved in dilute adds, it neutralises them, with fcHTmation of 


* *** wWcii bad bsm botled with water for tbs ptejMursClon of the tsaoio sdd «ti!l fUisiiiSdt 

a portion o# the alkaloid, whSeb was extracted therefrom bjr ffigcition with dilute sutphurio mM. 
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vamieli-like salts. In contact with iodic acid and a little water, it liberates iodine 
with brown colour. The neutral solution of the alkaloid in hydrochloric acid is 
precipitated white by alkalis and alkaline carbonates, yellow by picric acid, yellowish 
white by tannic acid, dirty yellow by phosphomolybdic acid, pale yellow by platinic 
chloride ; it likewise yields precipitates with iodide, ferrocyanide, and sulphocyanate 
of pf)ta8sium, auric chloride, &c. The formula of athorospcrmine has not yet been 
determined (Zeyer, loc. cit,'), 

ATMOSPHBXi:. 1. Variation in the amount of Carbon dioxide. — Ch. Mene 
{Corn'pt. Tind.Wn. 155) infers, from a series of determinations made by passing air 
through bar>xa-water of known strength, and subsequently titrating the barytji with 
standard hydrochloric acid, that the proportion of carbon dioxide in the air varies at 
different seasons, being constant in Dofreraber and January, increasing in February, 
March, April, and May, decreasing from June to August, increasing again from 
iSeptembcr till November, and attaining its maximum for the whole year in October. 
During the night the air cont^iins more tyirboti dioxide than in the daytime, and even 
during the day it is not quite constant, a slight increase occurring about noon. The 
quantity is also slightly increjised after rain. 

From the obsorvatioiis of Lewy Ch. Phys. [.3] xvii, 5), made upon the air over 

the Atlantic Ocean, it had been concliuled that air oV^er the sea conUvins a larger pro- 
portion of carbon dioxide than that over the land, and that sea-air is richer in carbon 
dioxide during the day than during the night, the mean results obtained being 5’299 
pta. in 10,000 for the day, and 3-459 pts. for the night. The observations of T. E. 
Thorpe, however {Chem. Soc. J. [2J v. 189), maxlo on the air of the Irish Sea and 
of the Atlantic Ocean, have led to bjtally different conclusions. The mean of 26 
determinations of the air over the Irish Sea (made in the month of August at 4 a.m. 
and 4 p.M.) gave 3'086 vols. carbon dioxide in 10,000 vols. of air (minimum 2'92 ; 
maximum 3-32). The air over the Atlantic Ocean was found to contain in 10,000 vols. 
a mean amount of 3 011 vols. carbon dioxide during the day (min. 2-85 ; max. 3'17) ; 
during the night 2-993 vols. (min. 2*70; max. 3*26); as the mean of the whole 
51 experiments, 2'953 vols. ; and as the general average of the results obt4iined over 
the ocean and over the Irish Sea, 3’00 vols. Hence it appears to be established that 
the •proportion of carbon dioxide in sea-air, in various latitudes and at different times 
of the year, is nearly constant, does not vary perceptibly at different times of the day 
and night, and is always considerably less than in the air over the land, which, 
according to the gener.il moan of the most trustworthy observations, is 4'04 p. c. 
The sea cannot therefore have any tendency to increase the proportion of carbon 
dioxide in the land-air. The higher results obta!ne<l by Lewy are attributed by 
Thorpe to the methods of analysis (Itognault’s eudiometric moth<xl) which he employed. 
Thorpe’s observations were made by Pettenkofer’s method (absorption of the carbon 
dioxide by lime-water of known strength, and sub.sequent titration of the lime-water 
with oxalic or hydrocldoric acid). 

Thorpe has also determined tlio propf^rtion of carbon dioxide in the air of tropical 
Brazil, at Para, 80 miles from the sea. on the borders of an extensive primeval forest, 
on the river Gram-Para. lat. 1° 27’ S., long. 48® 28' W. The observations, made during 
the iwny season (April and May 1866), gave in 10,000 vols. of air, a minimum of 
3*07 vols. carbon dioxide, maximum 3'49 vols., or as a mean of 31 deterthi nations made 
on 17 days. 3 28 vols. carbon dioxide. This mean value is considerably lower than that 
determined by I^ewy {loc. ck,) for the land-air of the tropics (3'822 in the rainy 
season, 4'573 during the dry season), and than the mean amount of the land-air in 
Europe. Tim difference is probably due to the united action of the tropical rains 
and of the luxuriant vegetation {Chem. Soc. J. [2] v. 109). 

A. McDougall {Chem. ix. 30) has determined, under Roscoe’s direction, the 

amount of carbon dioxide in the air of Manchester and its environs. On two different 
days tlio amount in 10,000 vole, of air was found to be : 

In Manchester Four miloB from ICaAchester 

I. . . . 390 .... 385 . 

n. . . . 2*80 .... 2-77 

As the raea.n of 46 determinations, 10,000 vols. air from the centre of Manchester 
were found to contain 8*92 vols. carbon dioxide (min, 2 8 ; max. 6*6); the air outside 
the town contained, as a mean of eight determinations, 4 02 vols. these results 

Roscoe concludes that in open places the influence of combustion and respiration 
processes is completely neutralised by the movements of the air. 

R. Angus Smith, in an elaborate report on the air in mines and other confined 
places (I/ondon, 1864), has published numerous experiments on the amount of oxygen. 
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carbon dioxide, and dual in the air, the causes of its deterioration, and the influence 
of its alterations on the health of workmen. Taking as a standard air containing 
20-9 vols. p. c. oxygen. Smith regards air containing 20 6 p. c. as decidedly impure, 
and air containing 20-6 p. c. as very bad, and dangerous if inhaled for any con- 
eidcrabie time ; air containing only 17‘2 p. c. oxygen is difficult to endure even for a 
few minutes. In 10*7 p. c. of 393 samples of air from metal and coal mines, the 
projvortion of oxj*gen was nearly normal ; 24-7 p. c. were impure, and 64'6 p. c. 
very bad. The smallest amount of oxygen found in air front mines was 18*97 p. c* i 
the moan amount of carbon dioxide, 0'78t5 p. c. In closed ends of mines, in con- 
Btvjuencc of the combustion of illuminating material and of blasting powder, and of 
tiio respiration of the minors, the proportion of carbon dioxide sometimes reaches 
21 p. c. The quantity of solid matter which, in the form of dust flroin the rt)ck, and 
fr<>m the combusti<jn of the powder, is inhaled by a workman in the courae of a day 
amounts to about 90 grains. 

In a well-ventilated room lighted with petroleum Smith found 20*84 p. c. oxygon, 
and after the lamp had burnt for six hours, 20-83 p. c, ; in the pit of a theatre at 
half-past eleven in the evening, 20*74 p. c. ; in the gallery, 20*36 p. c. 

Ammmla. — A. Muller, by ox|x>slng dilute sulphuric acid to the air in shallow 
vessels placcKl in an elevated open situation, but protected from rain, found that it 
absorbtsl in four months only 28 milligrams of ammonia for every square foot of 
surface, corresj[>ondi ng to rather more than 4 kilognims per hectare {J. pr. Chem. xcvi, 
3;t9). 

In 1016 litres of the air of stables in which horses were kept, Clemma. Erlonmoyer 
{Zt iisekr. f. Chrm. 1860. p. 02) found 0*0394 grms. ammonium carbonate, and 0*693 
grins, of free carbon dioxide. 

Saline partiefes . — Sodium salt.s, especially the chloride, are so constantly present in 
atmn.^pheric dust that it is difficult to obtain a llame-spect.rum in which the yellow 
sfMliuni lino is not more or Ie..H apparent. This dust of s<xlium salts is derived from 
tin; evajMiration of the minutely ilivided particles of soa-spray, and from the trans- 
portation of tlio minute solid particles by the winds (v. 379). (hjrnez (Compt. rend. 
ixi. 289), by passing air in the open country througli water wliich had been twice 
distilled from a platinum retf>rt and collected in a platinum condenser, and then 
leaving a few drops of the water t>o evaporate on a glass plate, obUiined efflorescent 
(Tvst.il.s fif 8o<liura sulphate recognisable by the microscope. Acx'xirding to Barral 
(Oonjft. nnd, li. 769), atmospheric air also contains phosphorus-compounds. In the 
residue obtaiin^el by evaporating rain-water colleclecl in platinuin vesstds, he found 
Irom 0*06 to 0*9 milligrams phosphoric oxide (F*0*) to the litre of rain-water, the 
amount being nearly the same whether the water was collected in the neighbourhood 
of r.arja or in the country. Do Luca {Compt. rend, lii, 1021), by observations made 
in Pisa in 1860-61, found that all the rain and snow-water there collected contained 
viiriable quantities of inorganic salts, nitrogenous organic matters, and nitric acid. 
The water collected at 54 and at 18 metres above the surface contained neither 
I’liosphates nor iodides, whereas these substances could bo easily, though j 3 iot always, 
detected in water collected near the surface. ' 

Ozone. — As ordinaiy oxygen is known to be converted into ozone under the influ- 
ence of electricity, and of a number of slow oxidising actions which are constantly 
taking place on the surface of the earth, it appears probable that ozone will be found 
to exist in the atmosphere, if not constantly, at least at certain times and in certain 
places. And in fact certain oxidising actions do take place on bodies exposed to the 
air, which are known to be produced by ozone, but not by ordinary oxygon : for example, 
the blueing of starch-paper impregnated with pfjtessium iodide, the brown coloration of 
manganous sulphate, and the oxidation of black sulphide of load into white sulphate 
(iv. 302), It has even been supposed that atmospheric ozone destroys the putrid mias- 
mata and minute oi^nisms which often render the air unhealthy ; and obsen'ations made 
in India have indicated a relation between the diminution of the amount of ozone in the 
air and the increase of cholera, dysentery, and intermittent fevers in certain 
localities. 

It has, however, been objected that the blueing of iodised starch-paper, and other 
oxidising actions attributed to ozone, may also be produced by nitrous acid and otiber 
oxygen-compounds of nitrogen, which are known to exist frequently, if not always, in 
the air, and that therefore these reactions cannot be looked upon as affbrdt^ proof of 
the existence of atmospheric ozone, unless the action of the nitrogen oidim can be 
eliminated, or nnless the evidence can be corrobomted by other reactions which thess 
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nitrogen-compouDds are not capable of produeing ( Cloez, Compt rend, xUii. 38; Jji\ 
627 \ Jahreso. 1856, p. 267; 1S61, p. 163. J. Piess a. V, Pierre, Wien. JJtad. Ber[ 
xxii. 21 J ; Jahresb. 1857, p. 79. Zengor, Wien. Akad, Per, xxiv. 78; Jahreeb, 1867 
p. 79). 

In reply to these objections, Hoiizeau has shown {Compt. rend. xlv. 873 ; xlvi. 89 ; 
Jahreeb. 1857, p. 80 ; 1858, p. 61) that a neutral solution of potassium iodide exposed 
to the air in the open country, but protected from sun and rain, becomes alkaline, and 
exhibits after some time a diminished proportion of iodine, the potassium being in fact 
converted into potash by the oxidising action of ozone, while the iodine is sot free 
and gradually escapes. That the alkalinity was not due to the absorption of 
ammonia by the solution, or to the falling in of alkaline dust, was shown by the fact that 
the solution did not lose its alkalinity when heated, and that distilled water placed side 
by side with the solution of potassium iodide did not become alkaline; it is evident 
also that the alkalinity could not arise from dec<^>mposition of the potassium iodide by 
nitrous acid. 

Further, by comparative observations on the air at Paris, at Rouen, and in the open 
country, Houzeau has found that the colouring of potassium iodide solution, and of 
iodised starch-paper, takes place less strongly in proportion as the presence of acids 
in the air (indicated by permanent reddening of litmus-paper) becomes more percepti- 
ble (Compt. rend. Ixi. 40; Jahreeb. 1865, p. 122). 

To detect ozone in the air, Ilouzeau passes the air first through water slightly 
coloured with wine-rod tincture of litmus, and then through a similarly coloured solu- 
tion of neutral pottissium ifxlide. If the air contains ozone, but no nitrous acid, the 
colour of the latter solution changes to brownish- or yollowish-blue, while that of the 
water remains unaltered; if, on the other hand, the action of the ozone in the air is 
complicated by that of oxygon-acids of nitrogen, their presence is indicjitod by the 
rothfening of the coloured watt^r. For the quantitative estimation of ozone in the air, 
Houzeau passes it through a very dilute solution of p>tas.sium icalide containing a 
known quantity of sulphuric acid ; afterwards expels the free iodine by boiling the 
liquid till it is decolorised ; and estimates by titrat/um the quantity of p#tash which 
has been set free by the ozone and partially neutralistxl by the sulphuric acid. 

Paper soaked in solution of thalUoua oxide is recommended by Bottgor (J. pr. 
Chem, xi'y. \\\) as the best reagent for the detection of ozone, because it is turned 
brown by ozone, but not affected by nitrons acid. According to Huizinga (ibid. cii. 
193), it is oven bleached by nitrous acid if previously coloured browm by ozont^ ; 
accordingly the browning of thallium paper exposed to the air will in most cases be 
only the difference between the two opj.x>site actions of ozf)no and nitrous acid, and 
sometimes will not bike place at all, in consequeneo of the action of the latter 
equalling or exceeding that of the ozone (see also Schonbein, J. pr. Chem. ci. 321). 

Andrews (7Vu7, Mag. (4] xxxiv. 315; Jahresb. 1867, p. 179) has shown that the 
constituent of the air which separates itxline from potassium iodide exactly resembles 
ozone in its action upon metallic mercury and manganese dioxide, and more especially 
in its behaviour when heated. Ozone is reconverted into ordinary oxygon at 237° 
(iv. 301), aud active atmospheric air becomes inactive at the same temperature. When 
active air is passed at the rate of 3 litres per minute through a glass globe of about 
6 litres capacity, and then through a U-tubo a metro long connected therewith, and 
moistened within, iodised starch-paper held in the escaping current of air is turned 
blue BO long as the apparatus is not heatud ; but if the globe be heated to 260°, while 
the U-tube is kept cool by immersion in cold water, the paper is no longer turned 
blue. Ozone is also reconverted into ordinary oxygen by contact with peroxides ; and, 
in like manner, active atmospheric air passed over manganese dioxide loses its power 
of decomposing potassium iodide. Lastly, active atmospheric air oxidises metallic 
mercury in the same manner as electrolytic ozone ; but this reaction is less character- 
istic and more difficult to recognise than those above mentioned. 

Daubony (Chem. Soc. J. [2] v. 1) also concludes, from a long series of observatimis 
carried on at Torquay and at Oxford, tliat the constituent of the atmosphere which 
separates iodine from potassium iodide cannot be either nitrous acid or chlorine, inas- 
much as it bleaches litmus without previously reddening it, and does not produce 
turbidity in a solution of silver nitrate. On the other hand, he found that the action 
of light may introduce a serious error in ozouometry, inasmuch as mero exposure to 
direct sunshine colours paper dipped in iodised star^ or in manganous sulphate, in 
the same manner as ozone, and even diffused daylight peiceptiblv strengthens the 
coloration produced by ozone. Hence for exact determinations of the strength of the 
oxone reaction the sensitive papers should be exposed to the air in a dark vessel. 
Observations made on numerous species of plants, with attention to this dicumstasce, 
have shown that the green parts of plants, when exposed to light, give out, in addition 
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to ordioAir oxygen, small quantities of active oxygen^ and consequently that regttta- 
lion must be regarded as one of the most productive sources of atmospheric 


A CosM (ZeUsckr. anal. Chem. vi. 24) recommonds that, for the exact estimation of 
ozone the air should be passed first through potash-Iej (to absorb nitrous acid, &c.), 
tlu-n through a solution of potassium iodide, and the separated iodine determined 

'^lUrigny a. ^llirin (Ompt. rend. Ixv. 982) propose to determine the time during 
vhioh ozonoscopic papor must be exposed to the air, in order that^ \vhen snbaoquenUy 
moistened it may acquire a normal colour (the fourth txmo of the first violet in 
Chevreurs circle of colours). For this purpose they cause the paper to bo rolled on a 
cylinder by clockwork, so that for each division the time of exposure may bo known. 
This mode of observation is dosigimted as eh ronozometry. 


far/ations in the. Amount of Atmosphiric O-owr. — From observations made by 
jiuuzeau (Compt. rend. lx. 788) at Rouen in the years 1861 to 1864, it appears that 
the greaU'St number of days per month on which the air exhibited indications of 
ozone fell in the months of May and Juno; in the later summer months and in 
autumn the presence of oz<3ne was less frequent, and in winter it attainoxl its mini- 
mum, increasing again in March. The (juadrennial average of days on which o»)ne 
was ixTceptiblo was 22 day.s from January to March, 56 from April to Juno, 37 from 
July to September, ami 19 from October to December, A. B^rigny {Compt. rend. lx. 
903), frtoin a nine years’ course of observations made at Versailles from 1866 to 1864, 
came to a general conclusion which agrees to a considerable extent with that of Houzeau. 
IV-rigny observed the absolute maximum b) occur in May, the absolute minimum in 
November ahd February. All tlie separate (monthly) maxima wore observed to 
coincitlc W'ith sU)rm8 oceurrirtg in the neighbourhood or in a perfectly determinate 
direction ; the minima, most frequently at least, with more distant storms (see also 
Ilonzeau. Compt. rend. Ixii. 426). M. Bockel (Ann. Ck. Pki/s. [4] vi. 235) also con- 
cludes, from obser^’atioiis continued for eleven years at Strasburg, that the air is 
richer in ozone in spring than during the rest of the year. He finds that the 
niontli of May is the ricliest in ozone, w'hile October and November are the jxmrest. 
Ill the fir.st six months f)f the year, and from October to December, the proportion of 
ozone in the air is smaller in the evening than in the morning, when^as the opposite 
relation is observed in July, August, uml Soptt^mbor. The maxima of ozone occur 
especially in the first five and the last two months of the year; the minima in the 
first two and the last three. Many years are exceptionally rich in ozono. Bxickel 
lurther directs attention to certain rctlntions between the mean height of the barometer 
and the mean amount of ozono in tho air in particular montJis ; within certain 
iiiriits these tw'o magnitudes appear Rj bo inversely proportional one to the other. 


ATOMIC VOAITMB. Specific Volume.,— ll. Kopp showed some years ago that 
tlie atomic volume of a compound depends, not merely on its molecular weight, but 
also on its constitution as represented by tho rational formula (i. 448). An additional 

example of this relation is afforded by tho isomeric bodies, aldehyde, ^ and 

rthyb no oxide, (C*H^)"0. According to the previously established atomic volume# 
of oxygon, in its intra-radicle and extra-radicle position, these two bodies should have 
different atomic volumes, and consequently different specific gravities. Tho calculated 
atomic volume of tddehyde for 0° is 64’3 ; that of ethylene oxide 60 6, assuming that 
these two bodies undergo equal contractions for equal decrements of temperature 
from their boiling points. Consequently the calculated sp. gr. of aldehyde (quotient 

of abiinic weight by atomic volume) is * 0'8I0; that of ethylene oxide 

54*3 ov'o 

= 0 870. Now from actual determinations by Wurta, it appears that the sp. Bf. of 
aldehyde at 0^ is 0 807 ; that of ethylene oxide 0'895~0'898 (Kopp, Ann. Ck. Pkarm* 
cxxviii. 193). 

The researches of Harignac have shown that isomorphism may exist between com- 
pounds containing equal numbers of aRims of elements not of equal atomicity cat 
combining capacity fp. 237), as for example in CuTiFl* and CuWO’Fl* (iv. 7B6 ^ T* 
902). Such isomorpnous compounds thus related have been further shown Kora 
(Ann. Ck. Pkarm. exxv. 371; Jahretb. 1863, p. 8) to be at least approximatl^ 
^uai in their atomic volumes, aa in the foUowing instances : 
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( Copper glance . 

( Argentiferous copper glance 
(Potassium perchlorate 
} Potassium permanganate . 

( Potassium nitrate 
j Barium carbonate 
( Sodium nitrate . 

I Calcite .... 


CuCuS 

Atomlo 

weight 

158*8 

Spec, 

gravity 

5*71 

Spec. 

Tolame 

27*8 

CuAgS 

203*4 

6*26 

32*5 

KC\0* 

138*6 

2*54 

64*6 

KMnO* 

158*1 

2*71 

58-3 

KNO> 

101*1 

2*11 

47*9 

BaCO» 

197*0 

4*30 

45*8 

NaNO* 

85*0 

2*24 

37-9 

CaCO* 

1000 

2-72 

36*8 


In some cases, however, as in anorthito and other complicated minerals, in which 
the alkali-metals appear to be isomorphously replaced by calcium, such replacement 
takes place, not in atomic, b\it in equivalent proportions, e.g. 39 pta. potassium by 20, 
not by 40 pte. of calcium. 

A certain relation between the atomic volumes of similarly constituted compounds 
and their volatility has been pointed out by J. Persoz {Compt. rend. lx. 1126 ; Jahresh. 
1865, p. 33). In compounds derivable from one another by substitution, the boiling 
point becomes lower as the atomic volume increases, the highest boiling points corre- 
sponding for the most part to the greatest densities. Thus the atx)mic volume of 
chlorine-compounds is greater than that of the (less volatile) oxides; that of the 
mercaptans is greater than that of the (less volatile) alcohols ; the atomic volume 
of ethyl alcohol at the boiling point is to that of mercaptan as 14 to 17 ; that of 
amyl alcohol to that of amylic mercaptan as 39 to 56. 


As the molecules of bodies in the state of gas or vapour occupy for the most part 
equal volumes, it follows that the molecular equations which represent double decom- 
positions between bodies capable of assuming the gjiseous state must also bo volume- 
equations ; that is to say, in any such reaction the sum of the molecular volumes of 
the acting bo<lios must bo equal to the sum of the volumes of the products in the 
state of gas or vapour. The existence of a similar relation in the double decomposi- 
tions of liquid and solid bodies has been pointed out by Mendolojef (Jahresb. 1858, p. 
29) and by Semenoff (ibid. 1865, p. 30). Thus : 


Formation of Barium Nitrate. 



2NO=*n: + 

BaH’O* 

Sura 

(NO*)’Ba + 

2n»0 

Sum 

Mol, weight 

126 

171 

— 

261-18 

26 

— 

Sp. gr. . . 

1-552* 

4*495 

— 

3-161 

1 

— 

Mol. vol. 

81T84 

38042 

119*226 

82*616 

36 

119-626 


Formation of Hydro-potasaic Sulphate. 




SO*H* + 

KIIO 

Sura 

SO*KH + 

H“0 

Bum 

Mol. weight 

98 

50 

— 

136 

18 

— 

Sp. gr. . . 

1-842 

2T00 

— 

2 163 

1 

— 

Mol. vol. 

62*203 

27*460 

79*663 

62-876 

18 

80*875 



Formation of Ethyl Acetate. 




CTH-O + 


Sum 

C“H*(CrH*)0“ + 

WO 

Sam 

Mol; weight 

46 

60 

— 

88 

IB 

— 

Sp. gr. . . 

0*809t 

1-06 

— 

0*90 

1 

— 

Mol. vol. 

67*5 

66*5 

114*0 

97*8 

18 

116*8 


H. L. Buff (Ann. Ch. Vharm. Suppl. iv. 129 ; Jahresb. 1866, p. 17) has carefully 
determined the specific gravities of a number of compounds into which the elements 
carbon, sulphur, and phosphorus may be supposed to enter with different atomicities 
or equivalent values. lie finds that in saturated carbon-compounds, like propyl 
iodide, C’H’^I, the atomic volume calculated according to Kopp’s method (i. 445) 
agrees very nearly with the quotient obtained by dividing the molecular weight of the 
compound with its sp. gr. at the boiling point (calculated from the observed sp. gr, 
accoixiing to the known rate of expansion); but in unsaturated compounds — or 
such as, if regarded as saturated, may be supposed to contain bivalent carbon — like 
dichlorethylene, carbon dichlorlde, amylene, &c., the atomic volume 4Mlculatod by 
Kopp’s method differs from the quotient of the molecular weight by the sp. gr. 
(observed atomic volume) by quantities too great to be attributed to errors of observa- 
tion ; thus : 


• At 15®. 


t Ato®. 
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Sutwtanoe 

Formula 

Atomic volume at the boiling 
point 

Differenoe 

: 

Atoms of 
bivalent 
carbon 

Observed 

Calc? 

Dichlorothylene . . 

C*H*Cl* 

79-9 

78-6 

+ 1-3 

1 

Carbon dichloride . 

C*CB 

115-4 

113-2 

+ 2-2 

1 

Ethyl cinnamate . 

c*‘n>»o* 

211-3 

207 0 

+ 4-3 

1 

Amylene 

C‘H‘* 

111*24-112-47 

1100 

•+ 1-24-2-47 

1 

Diallyl 

C*H«* 

126-7 -127-0 

121-0 

+ 5-7 -6-0 

2 

Valerylene 

C*H* 

103-27-104-88 i 

99-0 

+ 4-27-6-48 



llonce Buff concludes that the atomic volume of bivalent carbon is greater than that 
of qua<lrivalent carbon. 

Further, from the molecular volume of carbon biHulphido, CS.S, he calculates the 
at<imic volume of sulphur within the radicle as 27 ‘8 to 28 8 ; that of quadrivalent 
sulphur (in sulphurous acid) = 22 6, and that of sexvalent sulphur (in sulphuric 
anhydride) «= 12, both for the intra-radicle position. Tlie atomic volume of tri valent 
phosphorus ho estimates at 25, that of quinquivalent phosphorus at 22. Those results 
are rcgarvle<l by Buff as leading to the conclusion that the cliemical affinity of matter 
is in some way dependent upon the space which it occupies ; and the density of a 
conijxjund increases with the number of units of affinity with which its component 
elements enter into combination. 

F. W. Clarke has directed attention to the relations between the atomic volumes of 
the elementary bodies in the liquid and solid states, showitig that the atomic volumes 
ot the elements in each equivalent group are in some cases exactly, in others apprrjxi- 
mutely multiples of the lowest number in each group. In the group of the alkali- 
metals, for example, we have . 


Specific gravities 

Li 

, 0-589 

Na 

0-972 

K 

0-865 

Rb 

1-52 

Atomic weights . 

. 7 

23 

39-1 

86-4 

Atfjinic volumes 

. 11-9 

23-7 

45-1 

66-2 


Here the ab:>mic volumes are very nearly in the numbers 1 : 2 ; 4 : 5 {SUL Am. J. [2] 
xlvii. 180, 308 ; Zeitschr, f. Chem. [2] v. 292, 359). The same paper contains obser- 
vations on the relations between the atomic volumes of homologous and analog<JU8 
compourals in the liquid state. 

For Tchermak’s speculations respecting atomic volumes, see Ann. Ch. Pharm. cxii. 
129; cxiv. 26 ; Jaht^sh. 1859, p. 21 ; Wien. Ak<xd. Per. xli. 67 ; Jahresh. 1860 p. 20. 
For those of Groshans: Ann, Ck. Pharm. cxvi. 221 ; N. Arch. ph. not. xvii, 6 ; xxiii, 
73^ Jahresb. 1860, p. 18 ; 1863, p. 31 ; 1865, p. 27. Of Kremors : Pogg, Ann. exxii. 

ATOMZOITY. This term is used to denote the equivalent value or combining 
capacity of an element, and, as explained in the article (Jl,a,8Sificatiok (i. 1008), it is 
measured by the number of atoms of hydrogen or other monatomic or univalent 
element with which the element in question can combine. 

Chlorine, which unites with only 1 atom of hydrogen, is monatomic, monadic, or 
univalent. 

Oxygen, which combines with 2 atoms of hydrogen, is diatomic, dyadic, or 
bivalent. 

Nitrogen, which combines with 3 atoms of hydrogen, is triatomic, triadic, or 
trivaient. 

Carbon, which combines with 4 atoms of hydrogen, is tetratomic, tetradic, or 
quadrivalent 

Wlien an element does not unite with hydrogen, as is the case with many of the 
atomicity may be measured by the number of atoms of chlorine, bromine, 
which it can combine, since the atomicity of these elements is equal to 
that of hydrogen, and they may be substituted for it atom for atom ; also by the 
numbei^f un^lent or monatomic radicles, such as CH*, C*H*, OH, &c., that it can 
un ite with, nr in the case of lead, which is regarded as tetratomic because it forms with 
ethyl the compound Pb(C*H‘)‘. 

But the atomicitv of an element cannot be estimated by the number of diatomic or 
l»lyatoinic atoms that itsuaytake up,fortht8 numberis indefinite. In fiact, a diatomie 
element, like oxygen, fliiy attach itself to another element or group lll^silinents 
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by one of its combining units, leaving the other free; and to this t^in another 
diatomic or other polyatomic element may be attached, and so on indefinitely. For 
example, we have the series of compounds 

Potassium monosulphido . . . . K— -S — K 

„ bisulphide K — S — S K 

„ trisulphide K— S— S— S-— K, &C. 

Moreover, wo know that in by far the greater number of cases, polyatomic elements 
can unite with monatomic elements in more than one proportion ; tin, for example 
forms the chlorides SnCP, SnCP ; antimony, the chlorides SbCl®, SbCP. ' 

Hence it is evident that the atomicity or combining capacity of elements is in most 
cases a variable quantity ; and a comparison of all known cases of combining {)ro- 
portion shows that the atomicity or equivalent value of any given element in its 
sevoml compounds always varies by two units, and that the elements may be divided 
in this respect into two classes, one of odd, the other of oven equivalence, the former 
distinguished as perissads, the latter as artiads ; e.g., 

Perissads: N, P, As, Sb, Au. 

Artiads : O, S, Se, Te, Ba, Ca, Mg, Sn, Mo, W, &c. 

In all cases of varying combining capacity, it has been usual to regard the highest 
value as representing the true atomicity of the element: thus tin, which forms the 
chlorides SnCV^ and SnOP, is regarded as a totra<l ; pliosphorns, which forms the 
chlorides PCI* and POP, as a pentad ; nitrogen, which in the ammonium salts, 

' NH*C1 for example, unites with 5 monatomic atoms, also as a pentad. 

In all these cases, the compounds in which the polyatomic clement exhibits a degree 
of combining capacity below the maximum are unsaturated compounds, which, though 
capable of existing in the free state, are nevertheless ready to take up an a^lditional 
number of atoms and pass to the satimited state, when placed under circumstances 
favourable to such combination. Thus stannous chlorule, SnCl®, readily takes up 2 at. 
Cl, and passes into stannic chloride, SnCP; in like manner PCI* is easily converted 
into POP or PCPO. 

On the other hand, the. least saturated compounds of such series are often in one 
respect more stable than the more saturated compounds. In the pentachlorido of 
phosphorus, for example, the last two atoms of chlorine are less strongly attached to 
the phosphoms than the other three, so that the compound, ntider the influence <if 
reducing agents, or oven of heat, easily gives up these two atoms of ehhirine, and 
passes to the trichloride ; so likewise stannic chloride is roduct'd tost;iunous chlori<le ; 
and in the ammoniacal salts, sal-ammoniac, NHHyl, for example, it is easy to remove 
HCl from the molecule (by the action of potash or otlior bases), and set free ammonia, 
Nil*; but to dissolve the union between the atom of uiti‘()gen an<l the three atoms of 
hydrogen requires the exertion of a much gi’oater amount of chemic.al force. 

Hence it has boon supposed that nitrogen and phosphorus are rojdly triatomic 
elements, that is to say, incapable of uniting with more than 3 atoms of hydrogen or 
othdr monaUmiic elements, but that the compound thus formed can take up two other 
atoms as a molecule ; that in sal-ammoniac, for example, the 4 at. H and 1 at. Cl are 
not all united directly to the nitrogen, but that the molecule NH» unites bodily with 
the luoloculo HCl, the union between them being, not atomic, but molecular, like thiit 
by which water of crystallisation is attached to a salt, or tlie moh^cCilar constituents of 
double chlorides are united together, as in AgCl.KCl; PtCP.2KCl, &c This view 
receives some support from the fact that sal-ammoniac, NIPCl, exhibits an anomalous 
vapinir-deusity, splitting up at high temperatures into NH* and HCl, and therefore 
exhibiting a condensation, not to two, but to four volumes. For a like reason, 
phosphorus pentachloride is supposed to bo a compound of the saturated molecule 
PU* with a molecule of chlorine, Cl» ; 8bCP as a compound of SbCl* with Cl* • and 
iodine trichloride, ICl*, a compound of I Cl with CP. ' 

But this mode of viewing the constitution of such btidies is scarcely tenable. It is 
indotid tmp<i8sibIo to regard phosphorus pentj\chloride, PCP, as consisting of two 
molMules, when its analogues PCPO and POPS certainly consist of one only, these 
impounds exhibiting in the state 4>f vapour the normal condensation to two volumes. 
Again, sal-ammoniac, NH*C1. which is isomorphous with potassium cliloride, KCI, and 
hke the latter, unites to form a crystalline compound with platinic chloride, auric 
chloride, &c., must, hke potassium chloride, be regarded as consisting, not of two 
molecules, but only of one. Lastly, if iodine trichloride were a compound of ICl and 
CP, the last two atoms of chlorine ought to be easily separated firom the third But 
, this IS not the case. On the contrary, when this trichloride is treated with miver 
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M6tate, the thuaa chlorifle-atonii? ato removed at once ea silver chloride, and 
Schttteenberger’s iodine-triacetate is formed : 

la* + SAgC*H*0> « SAgCl + I(C»H*0*)». 

This reaction is a complete case of double decomposition, and shows that the compound 
ICl’ forms one complete molecule, not two. 

From all these facts we must conclude that there is no such thing as abaoluie 
atomicity or combining capacity, but Uiat the combining capacity of any elementary 
atom depends upon the other atoms with which it comes in contact, or generally on 
the circumstances under which it is placed. Thus iodine is monatomic in the compounds 
III, lAg, ICl, triatomic in ICl* ; phosphorus is triatomic in PCI* and PH*, pentatomic 
ill PCI* ; nitrogen is triatomic in NH*, pentatomic in NH‘C1 and the other ammonium 
salts. Nitrogen indeed forms compounds in which it is at once triatomic and 
pentatomic, viz. in ammonium cyanate : 

N’H‘ 

iG=c=o. 

In nearly all cases the combining capacity of an clement in its several compounds 
varies, as already observed, by two units: thus iodine, gold, and thallium are monads 
and triads ; phosphorus and its congeners are triads and pentads ; silicon, 
tilaiiium, selouiuin, tellurium, and tin are dyrnls and tetrads ; sulphur and chromium 
are dyads, tetrads, and hoxads. There is no woU-(>stiiblisheil case of an element acting 
ns a peri.ssiid in some cases, and as an artiad in others, excepting perliaps nitrogen, 
which in combination with oxygen exhibits the series 

N*0 N"0 ]S[>0* N'^O^ N-'O*. 


Now in the first, third, and fiftli of these compounds the atomicity of nitrogen follows 
the general law, but in tlio second and fourth this element appears us an artiad. It 
ndght bo brought under the general law by doubling the formuloi, in which case the 
nitrogen would appear as a triad, the two oxides then being represented by the 
forraui® 

N— 0 N-O-O 


u 


N-0- 


and this change would moreover bring the fonnulm into accordance with the law of 
even numbers ; but the density of tlio dioxide, which is a permanent uncondensable 
gjis, shows that the simpler formula NO is in accordance with the general law of two- 
Volume condensation. As to the tetroxide, it appears, from the determination of ita 
vapour-density by Playfair and Wanklyn (iv. 76), to be capable of existing in the 
two polymeric mcKiificatious NO* and N*0^. Altogether the combining capacity of 
nitrogen exhibits peculiarities which are not yet satisfactorily explainwi. 

The variation of combining capacity in an element by two or multiples of two is 
Itself R phenomenon which has not yet received a perfectly satisfactory explanation. The 
jxiint to be explained is, not that an element capable of taking up 6 atoms of chlorine, 
for example, should 8f?metimes content itself with 3 atoms, and nevertheless form a 
cotni^Kmnd possessed of considerable stability : for it is quite intelligible that an 
unsaturattid compound, like PCI*, may appear perfectly stable and quiescent until it is 
brought under particular conditions favourable to the saturation of its still uncombined 
units of affinity ; indeed, were it not for the existence of such unsaturated atoms 
and moli^loa, there could for the most part be no such thing as direct chemical 
«jrabi nation, since saturated molecules winnot take up new elements except by 
substitution. 

But It does not appear from this why the variation of atomicity should always 
take place by pairs of units. Frankland endeavours to account for this circumstance 
by supposing that in an atom of any polyatomic element the points of attachment 
by which the atom unites itself to other atoms are capable of 
i^utr^ising one another more or less compietely, lAe contiguous 
electric or magnetic poles of opposite name. Granting this, we 
may suppose that when 8 polM in the atom of a pentatomic 
element, phosphorus for example, have been neutralised by com- 
bination with 8 atoms of a monatomic element, such as chlorine, 
the remaining two may still be free, but in opposite polar (? elec- 
trical) states, so that the molecule PCI* may appear perfectly 

- + 

toeutral and stable. But now let a molecule of rMoniie, ClCl, 


ClH 


\Cl 
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having its two component atoms in opposite polar states, approach this .molecule. Tlia 
two atoms will then place tlie’mselves so that the opposite jKjles of the chlorine and the 
phosphorus may come opposite to one another, and then combination will take pla6e, the 
trichloride being converted into the pentachloride. In like manner wo may suppose 
that the atom of any polyatomic element, tin for example, may contain two such pairs of 
opposite poles, and that when brought in contact with chlorine it may take up, first 
one molecule of that element in the manner just described, and then another, a pair 
of its poles being brought into activity at each step. This mode of viewing the process 
may affoi'd some explanation of the fact that change of atomicity in elements almost 
always takes place by pairs of units. 

The same nypothesis may account for the circumstance that a molecule of a 
perissad element always contains an even number, generally a pair of atoms, the 
molecule of hydrogen, for example, consisting of HH, that of nitrogen of NN, &c. ; 
for as the opposite poles of such an atom neutralise one another in pairs, there must 
always be one left uncombined, and neutralisablo by union with a polo of opposite 
name belonging to another atom. Artiad elements, on the other hand, may also 
unite in this manner— the molecule of oxygen, for example, being supposed to consist 
of two atoms, 00 ; but since each of their poles may be neutralised by a pole of 
opposite name, they may also exist in the free state as single atoms ; in fact, the 
VMpmr-densities of mercury, cadmium, and zinc show that the atoms of these elements 
in the free state exist singly and not in pjiirs. 

Further, it is necessary to remark that saturation is not necessarily perfect, even 
when all the combining capacities of the elements in a molecule appear to be 
satisfied. There are indeed but few compounds that appear perfectly saturjited, and 
therefore incapable of combining directly with any other atoms or molecules. The 
paraffins cxliibit this character, being incjipablo of direct combination, and 

being modified only by substitution ; but platinic chloride, PtCl^ which is also 
generally regarded as a saturated molecule, cannot bo so in the same degree as the 
compound Cli* or COM, iunstnuch as it can form definite crystalline compounds with 
various other metallic chlorides. Tn such double chlorides, indeed, the combination 
is commonly said to bo molecular, rather than atomic ; between the molecules as 
wholes, rather than between tlio individual atoms; but molecules could scarcely 
exhibit any tendoucy to combine if the combining tendencies or opposite polarities 
of their component atoms wore completely neutralised. At all events, the state of a 
perfectly neutral molecule, like Cl I', must be different from that of one which, like 
PtCM, still exhibits a tendency to take up additional eleinents and form definite 
compmnds therewith. The same must l>o the case with all salts and other 
compounds which can take up water of crystallisation. Their union with this water 
is attended with evolution of heat, just like combination between atoms; in such 
molecules, therefore, the combining tendencies of the component atoms cannot be 
lupposod to bo perlbctly neutralised. 

In some cases, however, combination between two saturated compounds may take 
place in consequence of a different arrangement of the atoms, and a difference in 
the manner in which they are linked together; thus carbon dioxide, OzzCmO, and 
lime, Ca~0, are both satursvted compounds ; nevertheless they can combine directly 
under certain circum stand's and form calcium carbonate : 

OzzCiziO and CazzO form O — CzzO 

k-i. 


In like manner, sulphuric oxide, SO*, and baryta, BaO, unite at high temperatures to 
form barium sulphate : 

O O 

II II 

0 — 8^0 and Ba=;0 form 0 — 8=0 

L-i 


But this kind of combination can take place only when both nfolecules consist 
wholly of polyatomic elements. In the case of combination between chlorides, on 
the contrary, such as platinic chloride and hydrogen chloride, 


Cl 



a and H— Cl. 
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thfire am no uocombined units of affinity to lay hold It is con<:eiTabIe, howerer, 
that the polarities of this atom of platinum may bo neutralised by the opposite 
polarities of the chlorine-atoms so far as not to be further excited by the com- 
paratirely feeble polarities of the two atoms composing anotlier chlorine molecule, 
■4. — . 

Cl Cl, bi^ may yet be roused into action by the stronger polarities of such a 


molecule as potassium chloride, K Cl, and in this manner combination may take 
place between the two molecules. 

Allusion has already been made to the power of polyatomic elements to accumulate 
in compounds. Two diatomic elements, for example, may unite together so as to 
completely neutralise all their units of affinity, us in the compounds BazrO ; 
Pb”S, But they may also unite so as each to leave a unity of atomicity free ; in 
such cases other elements may enter the combination to satisfy the uncombined 
units ; as in the following examples : 

H— 0~0 H H-O-O-Ol Cl— 0-0^0— Cl 

Hydrogen dioxUlo. Chlorous acid. Chioroua oxide 

or aultydride, 

1I_0— 0—0— O— Cl 

Perchloric acid. 


In these examples we see that a chain of any number of oxygon -atoms, united 
together by one unit of atomicity belonging to each, must always leave an 
uncombined unit at each end, which may be neutralifiotl or satistiod by a monatomic 
atom, such as hydrogen or chlorine. A chain r»f diatomic or other polyatomic atoms 
thus connected together, and having uncombiiUHi units at each end, is called an open 
chain. It is possible, however, that the atoms of the extremities may Unite 
between themselves by their uuconibinod units, ami thus form a closed* chain: 
thus : 


s o— S— O 0— Mn— 0 



Bntphtirons Snlphniio Manganio 

suhydridd, anhydride. anhydride. 


The equivalent or combiuing value of any group of atoms must evidently de^nd 
partly upon the atomicity of the individual elements, partly on the manner in which 
they are linked together : thus the group may bo saturnted or bivalent, »\ccord- 
ingly as the two carbon-atoms are grouped by one or by two of their units of affinity 

H— C— U H— (i-H 

H— C-H H— C-II 

Saturated. Bivilent. 


Any given group of atoms will evidently exhibit its maximum atomicity or 
^mbining capacity, or will have the greatest possible number of combining units 
free, when all the polyatomic atx^ms are linked together by one unit of affinity only. 
In such a case it has been shown in the article Classification (i. 1013) that in a 
p^roup of n polyatcjmic atoms. A", A"', A*"^ • • • » thus unitetl, the maximum atomicity 
IS represented by the formula 


A" + A'" + A*’' . . . - 2(n - 1). 

A very important case of this law is that of a number of carljon-atoms united together, 
'•3* in marsh gas and its homologues ; thus : 


in vfiieh«h*| 

' BmtU- ■ 


CH* 


CH» 

I 

CH» 


CH» 

CII» 

1 

1 

on* 

1 

CH* 

1 

I 

CH* 

CH» 

1 


CH», 


k«if H atoms exhibits an atomicity denoted by in 2(ii 1) 
p^p of two carbon-atoms therefore ^ take up 6 fetomli > of 
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hydrogen ; a group of three carbon-atoms will take up 8 hydrogen-afemii, 
each hydrocarbon of the series differing from the preceding CH*t ‘ 

When any number of hydrogen-atoms in a compocind is replaced by an iqnal 
number of atoms of chlorine or other inonatomic element, or by an equivalent 
number of multivalent atoms, or univalent and multivalent atoms combined, it i» ^ieat 
that the combining capacity of the group will remain the same as before. Chloroform, 
CHCl*, for example, derived from marsh gas by substitution of Cl* for H*, is ^ 
saturated compound like marsh gas itself ; so likewise is aldehyde, C*li<0, delved 
from ethane, C^IP, by substitution of 0" for II*; but dichlorethyiene, C»H*G^^ia 
bivalent, like ethylene, C*H*, itself. 

Suppose now an atom of hydrogen in any grcmp to be replaced by oxygen, as 
when the compound is subject^ to the action of oxidising agents. In this ease the 
diatomic oxygen which enters the group attaches itself thereto by one of its units 
of affinity, leaving the other free, and capable therefore of retaining in the group the 
hydrogen which it has displaced. The final result is the replacement of an atom of 
hydrogen by the univalent group or radicle, hydroxyl, OH: thus in propane or 
propyl hydnde, C“H*, we may replace II by OH, yielding propyl alcohol, C*H’'(OH) ; a 
second similar substitution produces propylene alcohol, or propylic glycol, C*H*(OH)* ; 
and a third produces propenyl alcohol or glycerin, C®11*(0H)* : 


H 

0>H 

1 

0-H 

0-H 

H— (L-H 

1 

H-C--H 

1 

H-C-H 

1 

1 

h-c~h 

H-C-H 

1 

H-^H 

H— C-D-H 

H- di-H 

1 

1 

H-C-H 

1 

H-dl-H 

1 

H-d:-H 

1 

1 

H 

1 

H 

d-H 

O-H 

Propane, 

Propyl 
, alcohol. 

Propylene 

glycol. 

Glycerin. 


The result df these substitutions of OH for H is evidently an addition of one .atom ^ 
of oxygen to the molecule at each successive step. 

In like manner, nitrogen (trivalent) taking the place of an atom of hydrogeil; ir 
may bring with it two other hydrogen-atoms to complete the saturation, as in llw 
derivation of ethylamine, C*H’N, and ethylene-diamine, C*H*N?, from ethane, ■ 

H NH» NH* ■ft- 


H— i-H 

H— (I— H 

I 

H 

Ethane, 


H-d-H 


I 

H 

Ethylamine. 


H— 

H— d;— H 

I 

NH« 

Ethyleuo-Ulamine. 


The result is the addition of NH to the molecule at each step. 

Quinquivalent nitrogen substituted for hydrogen brings wim it I aipni* 
hydrogen, as in the formation of nmraonium-salts from their respective acids;Jil|a 
result being equivalent to the addition of NH* at each successive Step. i 

Instead of 2 or 4 at. hydrogen, nitrogen, accordingly as it enters a molecule 
trivalent or quinquivalent capacity, may bring with it 1 or 2 atoms of 
result being the replacement of the hydrogen by nitrosyl, NO, in the one ^ 

uitiyl, NO*, in the other: o.g., 

C«H’N C‘H‘(NO)N C*H-(NO*)N 

Anilloe. Kitrosanilise. Kitranilioe. 

Carbon, which is tetratomic, entering in like manner into a molecule, 
it 8 atoms of hydrogen, and thereby increjises the molecule by the additfoB 
each successive step, the result being, as is well known, the formation of haWiOiogdai . 
series : thus in the series of alcohols C*H*“+*0 : 
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, OH 



Methyl 

ftloohol. 


OH 


OH 

H— i-H 

'' i 

4 

H— i— H 

1 

H— L-H 

1 

H-C— H 
, 1 

H— C—H 

1 

H~0— H 
j 

k 

H-C-H 

i 

H— C— H 

H 

1 


H—H 

Ethyl 

alcohol. 

Propyl 

alcohol. 

H 

Butyl 

alcohol. 


m 


Sulphur, regarded as sexvalent, may take with it into combi nation the quin* 
quivalcnt group 0"0''(0I1), the result being the substitution of the univalent 
ra^^eSO’U for H, or the addition of SO* to the original molecule. The compound 
ihue formed is usually a eulpho-acid, as sulpliacetic acid, C*H*0*.S0*, &ota acetic 
acid : 

OH 


H 

j 

0=8-0 

JJ 1) I£ 

or CH»SO*H 

1 

2 C H 

COOH 

0=0— OH 

0=^!— OH 

Ajoetic acid. 

Sulphaoetlo acid, 


Clatiijicaiion qf Elemeniary Ihdies according to their Atomieittea, 

This subject hAs been discussed in the article Classificatiow, by Prof, O. C. Foster^, 
and in that on Metals, Atomic Weights akd Classification of, by Hr/Odling ; but 
,a few additional observations are required to bring it into accordance with the results 
of recent rei^rches. A table of the elementary bodies classified according to the 
views of their atomicities or combining capacities, now most generally received, will 
be found at the end of this article. It must be distinctly understrKxi, however, that 
the atigpiieities there assigned to the several elements are by no meahs absolute, but 
only such as these elements exhibit in tbeir more important compounds, 

1, Monade , — atomicity of hydrogen, as exhibitotl in the single con^und 
which it forms with chlorine, is assumed as the standard of atomicity, equWalei]|t 
valuok or combining capacity. Estimated by this standard, silver appears to.,h<i$ 
alleys univalent ; but the oUier elements usually classed as monmls, though certaliliy 
uhiys|ent in most of their compounds, nevortholess appear to be also capable of 
ex^bitiiig higher equivalent values. * Chlorine is univalent in argentic chloride, 
AgCl ; but in argentous chloride, Ag*Cl, or rather Ag*CP, it appears to be trivalent, . 
the oonstitutional formula of that compound being 


Ag~Cl~ 

Ag-il- 


-Ag 

■Ag. 


B^vfliie must also be regarded as trivalent in the corresponding compound Ag*Br*; 
M|d iodine, because it forms a trichloride, ICl*. Chlorine and iodine might even be 

Pl^ttdedae septivalent, vir. in jperthloric acid, periodic acid, P“|^g,and 

K^iiMflfOspoBding anhydride, 1*0' ; but these oxygen*acids of chlorine and iodine 
^ wp^^ssnted by different formulse, in which the oxygen-atoms are 
nnkii^ 1^^ and the chlorine and iodine are univalent (p. 241). Fluorine ts 
a monad, but still there arc some reasons for regarding it as a dyad 
^ to inygen (ii. 272). Sod i urn and the other alkali-meUils are univalent in 
kitxnnpottnds ; but Wanklyn has lately shown that sodium can also acl as 
;,aad as a s^i valent element. The crystals commonly callfd sodium 
repr^ntedf ^by the formula C*H‘NaO, have, according to Wanklyn, a 
t eoasUtutioDi^nsistiDg, when dried at 100^, of 
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HJ ^ 
C^H»0 
Hi 
cr-^H^oJ 




When kept for a lonpj time at 200®, they give olf 4 moiecnlcB of alcohol, (C*H*0)H, 
leaving swiium ethylate or hydrate of ethylene-sodium : 


(C=*H*)" 


HO 


Na-. 


Potassium acts upon alcohol in the same manner as sodium, and will- probably be 
found to yield analogous products. 

2. Dyads , — The non-metallic elements, oxygen, sulphur, selenium, and 
tellurium, must bo reji^rded os dyads, if we look only to their hydrogen-compounds; 
but the three last-mentioned elements form compounds into which they appear to 
enter as tetrads and hexads ; and if argentoua oxide be correctly represented by the 
formula Ag^O, even oxygen must bo regarded as a tetrad. 

The chemicarrelatioiis of the metals now regarded as dyads are fully discussed in 
Dr. Odling’s article above referred to. 

3. The elements are boron, thallium, and gold. Of the trivalence of 
boron there is no question. Thallium and gold are both univalent and tri valent, the 
mono-compounds of the former and the tri -compounds of the latter being the most 
stable. Gold may, however, be regarded as trivalent also in the aurous compounds if 

Au— Cl - 

doubla their formulae : thus Au*CP — j 1 . Thallium, as a univalent eloihentf 

Au — Cl 


exhibits a very close analogy to the alkali-metals (v. 753). 

4. Tetrads . — Car bo n is quadrivalent in all its com p<mnds, except the monoxide 
CmO, in which it is bivalent ; but this is an unsaturated compound, ready to take up 
an additional atom of oxygen or two atoms of ciilorine. 

Silicon, titanium, and tin are hi- and quadrivalent. 

Zirconium forms a tetrachloride, ZrCl"*, and a dioxide, ZrO®, and is indeed 
quadrivalent in all its compounds. 

Aluminium forms but one class of compounds, in which it is apparently trivalent, 
the chloride being ropresoiitod by the formula AlCl*, the methide and ethido by Al(Cll*)* 
and Al(CHP)*, and the oxide by A1*0*. 'I'his view is in accordance with the vaipour- 
densities of the ethido and mothido at high temperatures (iii. 983). On the other hand, 
the vapour-density of the chloride, as dotorrainod by I)ovillo, pfunts to the formula 
APCl*, and similarly those of the methide and ethide'near their boiling points accord 
^ more nearly with thio douldo forraulce Ar‘^(CH*)® and A1*(C^H*)* than with the simpler 
formulae above given. If those double formulae are correct, aluminium may be regarded 
as quadrivalent, its chloride and oxide being represented by the formulae 


Cl^Al— Cl 

I and 

Cl— Al— Cl 


k 


/Al— O 


This latter view is corroborated by tlio isomorphism between alumina and ferric 
oxide and their corresponding salts. 

Cerium, uranium, cobalt, and n i eke 1 are bivalent and quadrivalent. They 
all form dichloridos. Of cerium a native trifiuoride Ce*F* is known, analogous in 
composition to the chloride of aluminium. No trichloride of uranium is knowu ; 
but the oxychloride, U*0*CI*, derived from the trichloride by substitution of O* fw 
Cl\ is a well-known compound. Cobalt forms a trichloride, Co*Cl* Of j)^|ckcl 
only the dichloride, NiCl*, has been obtained ; but the sesquioxide, NiH}*, ig«diEnowii« 
"analogous to cobaltic oxide, and from the close resemblance of nidtel to cobalt in ai y 
its chemical relations, it evidently belongs to the same class. AU the fcrttf jn 
included in this paragraph are also analogous in many respects to iron, 
and clironiium, and might accordingly be regarded as hexac^; but, as no oqlBipoaiids 
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ttre aetmllf known In which they appear to be sexvalent^ it ia heat to regard them as 
tetrads. ^ 

Lead is biralent in the onlf^ehloride which it forms, viz. PbCl*, and in its basic 
oxide, PhO ; quadrivaJent in plumbic cthide, Pb(C^IP)\ and in the dioxide, PbO*. 

Platinum* palladium, iridium, and rhodium are bivalent and quadrivalent. 
Platinum and palladium form dichlorides and tetrachlorides, and corresponding 
oxides. Iridium forms a dichloride, a tetrachloride, and an intermediate chloride, 
Ir*CP, which may be regarded as analogous in composition "to ferric chloride and 
aluminium chloride, that is as containing quadrivalent iridium. Rhodium forms 
only a dichloride, RhCP, and a trichloride, Rh“Cl*. These two metals also fdrm 
oxides analogous in composition to the chlorides, and yielding corresponding juiRs 
with acids, and likewise higher oxides, viz. IrO* and KhO*. 

5. Pentads . — Among these elements, nitrogen, phosphorus, arsenic, anti* 
m o n y, anil vanadium form one natural group ; t a n t a 1 u rn and niobium another. 
The reasons for regarding nitrogen as quinquivalent as well as trivalent have 
already been given (p. 238). Phosphorus and antimony form trichlorides and 
pentachlorldcs, with corresponding oxides, oxy-salts, and organo-metallic bodies. 
Arsenic forms only a trichloriile, hut its oxygen-compounds, sulphur-compounds, 
and organo-metallic compound.s are analogous to those of phosphorus, Bismuth 

RiCP 

forms a'trichlorido and a dicliloride, Bi*CP or 1 ,'in both of which it is trivalent; 

BiCP 


also corresponding organo-metallic compounds and oxides. It also forms a pentoxido, 
with corresponding salts, whence, an<i from its analogy with antimony, it is regarded 
as a pont^ul. Vanadium wa.s formerly rcganled as a hexad ; hut Itoscoo has lately 
shown that it is a pontfid (v. 984). Tantalum and niobium were formerly 
rcgjirded as tetrads ; but the recent expi'rimcnis of Marignac have shown that they 
are pentads (iv. 785; v. GG2). 

Herads . — S u 1 p h u r, s e 1 o n i u m, and tellurium are 1 )i v;il<U)t in their hydrogj^in- 
compounds, quadrivalent in their chloriiles, those (»f selenium and tellurium being 
definite atid stable compounds in t lie free slate, whereas the totmchlorido of sulphur 
is known only in combination w'ith metallic chlorides (v. 535). In sulphurous 

triethiodido, ^ (v. 881), sulphur is undoubtoilly quadrivalent, and in sulphuric 


cthylcne-dicthyl-bromide, S 


(CnP)" 

(C^U*)*, it appears to be sexvalent. 
Br* 


The same degree of 


atomicity is likewise exhibited by sulphur in the snlphatos. Kniphuric acid or hydrogen 
bulphato might indeeil bo represented by either of the formulaj 

O * 


H--0- O-S-O-O— H or IIO-S— OH, 


m the former of which the sulphur is bivalent, while in the latter it is sexvalent. 
But tlie stability of the sulphates is rather in favour of the latter view, inasmuch ns 
compoumls in which oxygen is directly united with oxygen, as in the first fi/rmula, 
afb usually rather unstable. Moreover, the sulphates are isomorphous with the 
chromates, and should therefore be represented by similar formulae ; now chromium 
]H undoubtcflly a hexad. Selenium and tellurium, which are analogous tfj sulphur 
in nearly every respect, and especially in the wmstitution of their highest oxygen- 
acids, must in like manner Ije regarded as hoxmls. 

Chromium forms a hexfluoride, CrF*, to which there corresponds the trioxide of 
anhydride, CrO* with the corresponding salts; potossium raonochromate, 
e n ^ ^ represented by a formula exactly similar to the second 

of the two above ^Ton for hydrogen nulpliatc. Chromium also forms the chromotur 
wits, in which it is bivalent, e.g. CrCl*, and the chromic salts, e.g. Cr*Cl^ in which 
It 18 quadrivalent. (See CHaoHitixf.) 

combining capacities exactly analogous to those of chromium. In 
the ferrous compounds, as FeCl*, it is bivalent ; in the ferric compounds, quadrivalent, 

ferric chloride being represented, like aluminium chloride, by the formula | . In 

Fed* 

the fefrates, supposing their constitution to be well established, iron most be regarded 
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as sexvalent, the formnlse of those salts being analogous to those of the sulphates 
and chromates; potassium ferrate, for. example, being represented hy the formula 
or Fe"'0»(0K)*. 

Precisely similar observations may be applied to manganese in the manganous 
and manganic salts, and in the manjpnates respectively* The manganates are 
isomorphous with the chromates, which corroborates the supposition that the 
manganese in these salts is sexvalent. Manganese however forms a class of still 
more highly oxidised salts, viz. the permanganates, as MnKO* or Mn^“0*(0K), to 
which there are said also to be a corresponding chloride, MnCP, and fluoride, MnP 
(iii. 805, 808). This would seem to show that manganese can also be septivalent, a 
fact not in accordance with the general law that the variation of combining capacity 
in any element takes place by successive increments of two units. But the so-called 
heptachloride appears from H. Rose’s experiments to be really an oxychloride, 
MnO^CP, analogous to chromic oxychloride; and the so-called heptafluoride has 
probably a similar composition, the manganese being sexvalent in both compounds. 
The constitution of the permanganates may also be represented by a formula in which 
manganese is sexvalent. The potassium salt, for example, may be represented as 
Mn*K*0*, or 

0 

II 

O— Mn— 0— 0~K 


0“Mn— 0— 0— K 

II 

0 


It is true that the permanpnates are isomorphous with the perchlorates, in which 
chlorine must bo regarded either as univalent or septivalent; thus for tlio potassium 
saltt 

O 


Cl-O-O— 0— 0— K or 0— (n— OK* 

II 

o 


But although isomorphous compounds very frequently, and perhaps in most cases, 
contain polyatomic elements of equal combining capacity, still this rule is not 
invariable : Marignac, for example, has shown that the fluotantalates and fluoniobates 
are isomorphous witli the fluosiliciitcs, fluotitaiiates, and fluostau nates ; and neverthe- 
less tantalum and niobium are pentads, whereas silicon, titanium, and sirconium are 
tetrads. The balance of evidence is therefore iu favour of regarding manganese in 
the permanganates as a hexad. 

Molybdenum forms a hexfluoride known in combination, though not in the free 
stiUe ; also a tetrachloride and dichloride, together with corresponding oxides. 

Tungsten forms a hoxchloride and tetnuhloride, with corresponding oxides. 

Ruth on i urn and osmium form chlorides analogous to those of iridium, e.g. 
RuCl-*, Ru'^Cl*, and RuCB, also hexchlorides RuCl* and OsCl®, known however only in 
combination. The two metals also form oxides analogous to these, several chlorides, 
and likewise higher oxides, viz. RuO^ and OsO^ From this it might be inferred that 
ruthenium and osmium are octads ; but, as already observed, the atomicity of an 
element cannot safbly bo inferred from the number of atoms of ox^’gon or any other 
polyatomic element with which it may unite. 

The following table exhiluts a classification of the elementary bodies aocoirding to 
the pi^inciplcs above explained, together with their atomic weights according to the 
most recent determinations. The atomicity assigned to each element is the highest 
that it exhibits in its most important and best defined compounds. The elements are 
further divided by horizontal lines into groups consisting of elements closely related 
in their chemical characters ; and in each of these groups the elements are arranged 
lUMSordmg to their atomic weights, beginning with the lowest. 
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Tablb of the EtBMBirrAHT Bodob, with theie Atomic Wbiqhts. 


Blementary Bodies 

Atomie 11 
eight* 

Elementary Bodiea 

Atomic 

Weights 

Monads : 

Hydrogen . , . • 

1 

Tetrads, continued : 

Aluminium • • • 

/ireonium .... 

27-4 

89’6 

Fluorine . . . • 

Chlorine . . • • 

UtDinino . . • • 

Iodine , . • * 

19 1 

35-6 

80 

127 

Cobalt . . • • 

Nickel .... 

Cerium .... 
Indium .... 
Uranium .... 

68*8 

68-8 

92 

198 

120 

Lithium . . • • 

Sodium . . • • 

Potassium .... 
Kubidiura ... * 

Cresium .... 

7 

23 

391 

8.5'4 

133 

Lend 

207 

Rhodium .... 
Palladium .... 
Pbitinum , . . • 

Iridium .... 

104-4 

106 

197-4 

108 

Silver . . - • 

108 

Dyads : 

Oxygen , . . • 

10 

Fkntads : 

Nitrogen .... 
IMioHphonis 

Vanadium f • • • 

ArHcnic . . 

Antimony .... 
Bismuth .... 

14 

31 

61-2 

76 

122 

210 

Cnlcinm .... 
Strontium . . . • 

Barium .... 

(ilucinum , , - . 

Thorinum * . . » 

Yttrium .... 
I>iinth<inum 

Didymium. 

Krbium .... 

40 

870 

137 

9*4 

67-9 

01 6 
936 
95 

112 6 

Niobium . . 

Tatitalnm § • ‘ • 

94 

182 

^lagnesium 

Zinc 

(’admium . . » • 

Copper . . . • 

Mercury .... 

2t 

65'2 

112 

63*4 

200 

IIkxads : 

Sulphur .... 
Selenium .... 
Tellurium .... 

32 

79 4 
128 

Triads : 

Boron . . • • 

Gold 

Thallium . . • • 

11 

197 

201 

Chromium .... 
Manganese . 

Iron . . . • « 

62-2 

66 

58 

Tkteads : 

Carbon . . • • 

Silicon . . . • 

Titanium . . • * 

Tin . . . • • 

12 

28 

60 

118 

Molybdenum . . 

Tungsten .... 

96 

184 

Ruthenium . * • 
Osmium . • « * 

104-4 

199-2 


ATBACrmxO AOIB. C»«HMO».SW? B (E. liefranc, BuU. ^. €hii^ [2] xl 
4»2).— The potaeeium salt of this acid existe in the root of Atrac^ks ffwntHtferat and 
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may be extracted therefrom by exhaustion with boiling alcohol of 66 to 75 p. c., from 
which it ciystallises on cooling. Sy converting it into a lead-salt, and decomposin'^ 
the latter with hydrogen sulphide, the kt/droym salt or acid is obtained. It is very 
soluble in water, inodorous, with a sour, styptic, and bitter taste. Its concentrated 
solution is easily decomposed by heat. The acid has not been obtained in the solid 
state. 

AtractyVic acid is tribasic, forming salts containing 1, 2, and ‘J atoms of metal. They 
are crystal! isable, soluble in water and in weak alcohol, much more soluble at high 
than at ordinary temperatures. 

The triargeniic salt forms a nacreous mass of microscopic ciystals: it is very 
unstable. The triharic salt crystallises in hexagonal dodeealuKirons, and in six-sided 
prisms with pyramidal summits. The potassio-calcic salt is 

obtained Vjy decomposing the native potassium salt with calcium carbonate, and adding 
alcohol, as a white granular crystalline precipitato. There are two potassio-baric 
salts, . S^O**)* ana Ba^K . obtained by decomposing the 

preceding salt with barium chloride in different proprirtions. 

Biimtallic SaHs.—Thc native potassium salt K^H. is colourless, 

inodorous, bitter, and crystallises in prismatic needles. It is lajvogyrato, with a rota- 
tory power of 6‘77° ; at 100° it swells up, blackens, and gives off valeric acid. By 
calcination it leaves a residue of neutral potassium sulphate amounting to 20 p. c. Ita 
solution is not precipitated by barium-salts till it has been decomposed by an acid, in 
which case it yields sulphuric acid, valeric acid, glucose, and a resinous matter. Hence 
atractylic acid appears to be a conjugated sulpho-acid of complex constitution ; it is 
remarkable as being the first-known example of such an acid existing ready-formed in 
the vegetable organism. The corresponding hariuin salt, Ba'^H . crystal- 

lises in very light silky tufts. The jrinc salt /n"H. resembles it. The 
diarc/entic salt is white, nacreous, and very unstable. 

The monometallic actractylates arc prepared by moans of the salt Ba"K. 

S^O®, this salt being decomposed by a quantity of sulphuric acid just sufficient to pre- 
cipitate the barium. . They cannot be obtained in the solid state, on account of their 
tendency to decompose intx> the free acid (hydrogen salt) and a bimetallic salt. 
ATROPXC AGX3>. See the next article. 

A.TROPXXrX2. According to Gulielmo {Zcitschr. anal. Chnn. ii. 404), this base, 
in quantity not exceeding !tx) of a grain, may be dctect.c<r by the intense odour, 
resembling that of the flowers of omnges and wild plums, which is evolved on heating 
it with a few drops of strong siilpliutic acid till it turns brown, anil then adding a few 
drops of Wider. Wlien very cjireftilly sublimed in the manner described under Alka- 
i.o'iDS (p, 57), it condenses in transparent drops, which if left for 24 hours in contact 
with hydrochloric acid, are converted into distinct ixrtohedroiis (Ilelwig, ibid. iii. 43). 
With phosphomoli/hd ie acid it forms a yolh»w precipitate which dissolves in ammonia, 
forming a blue solution becoming colourless on boiling (J, Tnipp, Jahresh. 1863, p. 
702). It is decomposed by boiling with dilute sulphuric acid and potassium bichro- 
mate, with formation’ of bdnzoic acid ; and the solutum, which has become green, gives 
off, when super.saturated With potash, a volatile base smelling like herring-pickle. An 
odour of benzoic acid is likewise eyolvwl when atropine burns in contact with the air 
(H. Ludwig. Arch. Pharm. [2] evii. 129). 

Atropine sulphate may bo obtained in crystals by carefully neutralising a solution 
of the base in 8 grms. absolute alcohol with a mixture of sulphuric *acid (0‘6 grms.) 
and absolute alcohol, and leaving the solution to evaporate. The salt, which crystal- 
lises in stollato groups of needles having a mothor-of-poarl lustre, is soluble in water 
and in alcohol, but not in ether or chloroform (Tjaveau, J. Pharm. [3J xliv, 132). 

pyhyl-atropium iodide, or C'^H'®(C'‘IP)NO®I, is formed, as a crystalline 

precipitate, on hesiting an ethereo-alcoholic solution of atropine with ethyl-iodide over 
the water-batli. The conyisponding chloride, obtained by treating the iodide with 
silver-chloride, forms with platinic chloride the double salt 2C*"H’^*NO*Cl.PtCB, which 
crystallises in orange-coloured laminae. The iodide treated with silver oxide yields an 
easily soluble, uncrystollisable base, which, by renewed treatment with ethyl-iodide, is 
converted into an iodine-compound, appearing, from the analysis of the corresponding 
platinum salt, to consist of hydriodido of tropino (V. 896), resulting from a farther 
aecomposition (Lossen). 

Aeids produced by decomposition of Atropine* 

According to Kraut (v. 895), atropine is resolYed by the action of baryta*water at 
68° or of hydrochloric acid, into tropin e and Htropic acid: ' 
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+ CnPO* 

Atropine. Tropine, Atropic acid. 

According to Losson (Ann. Oh. Pharm. cxxxviii. 230% ntropino is rosoImJ, either by 

barrti-w/iter or by hydrochloric acid, into tropine and tropic acid, 

Cfjniaining i nioi. JS^O more than atrop/c acid : 

+ H-0 = mV^NO + 

and the tropic acid, by tho further action of those roagonte, is converted, with elimina- 
tion of water, into two isomeric jvcids, which he <iesignates as atropic and is a tropic 
acids. These acids arc isolated as follows: Atropine is heated with fuming hydro- 
chloric acid to 120^-1,30° for severjil hours, whereby a semifluid layer is prcKluced 
containing the acids (and increasing on diluti<m with W'ater). Tlie dilute liquid 
contains, besides tropine hydrochloride, mdhlng but tropic acid, which may bo 
extracted by ether. Tho st'mithiid rnixturo trcattKl with dilute sodium carbonate 
viclds a solution from wbicli, by saturation witli liydrochloric acid, isatropic acid, 
nearly insoluble in water, is separated, while tropic acid remains in solution, together 
with atropic acid, whicli is present in small quantity only. Both these acids are 
cxtractcKl from tho solutioji by ether, the ether is ovapornt^wl, and the residue is treated 
xcitli benzol, which dissolves scarcely anything but tho ajr«>pic acid ; tho two acids are 
then purified by recrystallisation from boiling water. Tho isatropic acid precipit4\t«Kl 
by hydrochloric Jicid generally contains also a semifluid acid, easily soluble in alcohol 
and other, but not yet further examined (Losson ; see also Kraut, Ann. Ch. Pharm, 
cxlviii. 236). 

Tropic Acid, separates from lK»t saturated aqueous solutions in 

slender prismatic crysbils grouped in heniisplurrical caulillow’er-liko masses ; it is 
soluble in alci»hol, in other, and in 40 pis. of water at 1 1'5‘^ ; has a slightly sour 
taste, molts at 117°-118'^, and <locs not volatilise without decomposition. The calcium 
i>af( 411*0 crystallises in the form described by Kraut for calcium 

atropato (rnfra). According to recent obs<M'vationH by Kraut {loc. cU,% this salt 
crvsLillises in rliomb<»i'dal pl.ite.s of 100^ 35)', wit li 4 mols. of waU*r ; it n)ay also bo 
obtained anhydrous in needles. It does not diminish sensibly in weight when 
la at^id U) 200^^ f(*r two or three liours in ati atmosphere of hytirogon, but when exposed 
to the air at lOO'^ its composition slowly approaches (hat of tho atropjite. At 320° it 
deconqHjses, giving off oily drops Itaving tho odour of bitter almonds, and leaving 
carbotiate, atropates and isatropate of wilcium, Tho silver salt C''H'’AgO*, obUiinod by 
ju'ccipibition, crysUdlises from hot w*ator and decom{>oso8 at 110°-120® (Losseri). 

Atropic Aoidt C"1P0^, isomeric with cinnamic acid, is producotl by heating tropic 
acid with concentrated baryta-water to 130° for several hours (Lr^ssen). For Kraut's 
mctluKl of preparing it directly from atropine, see v. 895. This acid crystjdlisos from 
{U]ueou» solution in neotlles having the <xl<»tir of benzoic acid, and fVom alcohol in 
nmnoclinic prisms oxhiliiting the cf)mbination ooP.fooPoo] . ooPoo. It melts at 
l<Kj ij°, solidifies from fusion in the crystalline form, and Volatilises with an acid, 
Cough-exciting mlour, but docs not volatilise with vapmr of water. It dissolves in 
602 o pts. of water at 191°, and its neutral wdts <lo not prfxluce any precipitate in 
solutions of manganous salts, w^hercas cinnamic acul melts at 133'4°, dissolves in .3,500 
pts. water at 17°, and inimcsliately precipitates mangjinous snlta. Atropic acid heated 
with potassium hichromate kjmX sulphuric acid forms benzoic juud, and further resembles 
cinnamic acid in its behaviour to Irntminc, of which it takes up 2 atoms. 

The solution of atropic acid in ac^uoous ammonia leaves on eva})oratjon an acid 
rcsirlue r>nly partially soluble in water. Tho potassium salt forms shining lamin&n 
soluble in alcohol. The sHwr salt crystallises from lK»t water in lUKlules. 

The calcium salt C'“H‘*CaO^ . 511*0 separates by slow evaporatifui in htrgo moiuxilinic 
prisms, having a bright vitrwus lustre, an<l exhibiting the <x)mbination . [Poo 1 . 

+ wPoo . ooPoo , and with tho approximately determined angles oP ; [Poo ] » 160°; 
op : +»P» = 129°; oP : ooPoo *= 77^-78°. The crystals are tabular from 
predominance of oP, and cleave pirallel to this face. Tho B*ilt ofHorescos slowly in 
the air, more quickly over oil of vitriol, but does not become perfectly nnhydrtms till 
hfatod to between 190° and 200°, and then quickly takes up alwmt 12 p. c. water from 
the air. It dissolves in 42 to 44 pts. water at 18° (ciilcium cinnamate in 608 pts.). 
There appear also to be calcium-salts of atropic acid which contain smaller quantities of 
Water and give it up more easily (Kraut). Lossen describes a salt, C‘*H*H3aO^ . 211*0, 
which ciystallises imperfectly in needles, 

Atropic acid is resolved by oxidation with potassium dichromate and sulphuric acid 
into henzoic acid and carbon dioxide, with a trace of formic acid. When 2 grms. of. 
it arc fused with 40 grms. potassium hydrate till a brisk evolution of gas takes place, 
a small quantity of a solid acid is produced resembling benzoic acid ; but if the nusion 
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be interrupted as soon as a bright-burning gas begins to escape, the products formed 
are formic and alphatoluic acids. Atropic acid, heated to 137° for six hours with 
hydrochloric acid of sp. gr. M8, foms an amorphoiw chlorinated acid, together with 
an acid which is precipitated from its alkaline solution by mineral acids, dissolves in 
ether and in benzol, and is converted by prolonged boiling with water into isatropic 
acid. Possibly an additive product of atropic acid with hydrochloric acid is formed 
in the first instance. Atropic acid is converted by sodium-amalgam into an acid, 
which is different from homotoluic acid, forms a very soluble calcium salt, 
and a silver salt, C"H*AgO®, crystallising from boiling water in scales. Prom these 
facts Kraut infers that atropic acid has the constitution represented by the formula 
C"H. CH(C®H*).COOH, containing a bivalent carbon-atom {Zeitschr, /. Chem. [2] v. 
147). 

Zsatropio Aold, is produced, as above mentioned, by the action of baryta- 

water on tropic acid ; also by heating the latter for several hours to 140° with strong 
hydrochloric acid. It differs considerably in its properties both from atrf)pic and 
from cinnamic acid. It is nearly insoluble in cold water, dissolves but slightly in 
boiling water and in ether, and is still less soluble in alcohol than atropic acid. It 
suffers no loss of weight at 120°, and does not molt till heated to about 200°, whereas 
atropic acid melts at about 106° and sublimes at a slightly higher temperature. 
When precipitated from its alcoholic solution by water, it gradually forms microscopic 
thin rhombic laminee. 

liaae obtained from Atropine . — Commercial atropine does not dissolve completely in 
boiling baryta-water, but separates oily drops, which on cooling form a resinous mass, 
consisting of a base, the cliloroplatinato of which crystallises from boiling 

water in small yellow needles (Kraut, Ann. Ch. Pkamn. cxlviii. 236). 

AT&OSXW. A black substance contained in small quantity, according to 
P. Htibschraann {Chem. Centr. 1863, p. 864), in the alcoholic extract of the root of 
deadly nightshade, from which it is precipitated by ammonia. It is insoluble in 
water, alcohol, and ether, but dissolves in aqueous acids, and is precipitated therefrom 
as a black powder by ammonia. Hiibschmann supposes that this subsbinco in the 
pure state forms the deep black of the ripe deadly nightshade berries, and in combi- 
nation with an acid, the red colour of the juice. 

AVaxaACKXTB. This name is given by R. Hermann [J. pr. Chem. Ixxiii, 
209) to a zirconium silicate occurring in the silicious slate in the Circle of Mariupel, 
Government of Jekatori noslaw. It forms small quadratic oetohedrons, having the 
angle P : P in the lateral edges * 86.}°-87° ; in the terminal edges 121°. 
Colour brownish grey. Sp. gr. = 4 06. IlaMnoss *= 6*5 (Hermann), 7*5 (Kokscharow, 
Jahresb. 1860, p. 756). It gave by analysis 42-91 p. c. SiO^ 5518 ZrO‘^ 0*93 FoO, 
and 0’95 loss by iOTition ( =» 99*97), whence it appears to consist of 2ZrO'^. 3SiO^ 
and to cont4iin onc-nalf more silica than zircon. It likewise differs from zircon, *with 
which it is isomorphous, by its greater hardness and density. 

A'O’G'ZTXli On the composition of augito and amphibole (hornblende), see G. 
Tchermak {Bent. Chem. Gesdls. Berlin. 1869, p. 384 ; Zeitschr. f. Chem. [2] v. 633). 

AintZCKASbCXTB. A copper-zinc bloom allied to aurichalcite is described by 
Risse and Braun {Jahresb. 1862, p. 759). It occurs at Guipuzeoa in Spain, in 
erystallo-radial and fibrous light-blue ^vggrogates imbedded in calamine. Its analysis 
gave 13*41 p. c. CuO, 55*29 ZnO, 14*08 CO*, 10*30 H*0, and 1*86 residue (= 100*44), 
leading to the formula (Cu ; Zn)"C0’.2Zn"H-0*. 

ATnUnxm* A commercial name of rosolic acid (q.v.). 

AinXOSACBmrXi OXXX>S. See Acetvlxnk (p. 36). 

AUSTRACAMPHSlSrS. 

AVBTXLAXBXra. See TvRFENTunB Oil/ (v. 921, 924, 925). 

ATiBT»APTmoxjnrs. 

AUTIIJHITS. Vranite, Xdme-uranite, TTranium mica^ CeXcxo-uranie Phosphate.—^ 
From analyses by Laugier {Ann. Ch. Phys. [3] xxiv. 239) and Pisani {Compt. rend. 
lii. 817 ; Jahresb. 1862, p. 1030), this mineral appears to contain 21 p. c. water, 
instead of 15 p. c. as formerly supposed. According to Pisani, the amount of water 
is reduced to 16 p. c. when the mineral is dried at 70°, but remaiiw ttnaltcred when it 
is ke^t at ordinary temperatures, even for months. In the mineral irom Autan, 
pisani found : 

tW CaO HK) Sum 
13*4 66*47 5*60 20*10 3*20 « 98*67 

14*0 o9 0 5*8 21*2 — - 100 0 
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These numbew lead to the formula Ca0.2U*0*.P*0M2aq. or Ca*'(U»0*)*P*OM2aq» 
Accordingly, autunite is not analogous in composition to chaflcolite or c^rico-uranio 
phosphate, which contains only 8 molecules of water (iv. 685). Moreover, Descloizeatuc 
has shown that the two minerals are dissimilar in crystalline form, chalcolite being 
dimetric, whereas autunite is trimetric. In small crystals from Cornwall he found 
the form to be derivable from a rhombic prism of 90° 43', and exhibiting the com- 
bination oP , Poo . Poo . ^P, with the angles oP : JPqo = 109° 19’; oP : iP=tll6° 14' 
{Ann. Min. [5] xiv. 839 ; Jahresb. 1858, p. 724). 

ALVORirnr. This nanie is given by Kubly (Zeitschr, / CAem. 1867, p. 26) to a 
glucoside which he has obtained (though not pure) from the bark of Ifhammes franguln^ 
as an amorphous, easily fusible, brown or black mass, giving by analysis numbers 
agreeing with the formula and separable by acids into sugar, ciy'stallisable, 

aurora-rod avornic acid, and an amorphous resin. According to Faust 

{Zeitschr. /. Chem. [2] v. 18), avornin and avornic acid are identical with frangulin 
and frangulic acid respectively. 

iULZXfa A fat obtained in Mexico by boiling a species of coccus. (See Abditions, 
vol. V. p. 1087.) 

AXA PKlfcACgTA XMmZCA* The almonds of this plant yield 41 ‘5 p. c. of a 
yellow oil having a bitter taste, an alliaceous odour, sp. gr. 0*921, and solidifying at 
+ 7°. By saponification it yields 35 p. c. of fatty acids molting at 30°, and 65 p. c. 
melting at 44°. 

AX A ltMIMT » One of the varieties of aniline red. 

AXBZiAZC ACZZ>. — This acid agrees in composition and most of its 

properties with anchoic or Icpargj’lic acid, but differs from it in its melting point, 
which is 8° or 10° lower (iii, 672). According to Overbeck (Ann. Ch. Pharm. cxl. 39 ; 
Mresb. 1866, p. 332), it is produced, togetlier with nzelaic aldehyde, and 

stearoxylic acid, bv the action of fuming nitric acid on stoaroleic acid (q.v.). 

The azclaic acid and aldehyde remain in the alcoholic mother-liquor left after the first 
crystallisation of the stoaroxylic acid. This liquid after some time deposits an oil 
which has a peculiar ethereal odour, and after disl.illation with water is neiirly colour- 
less, mobile, and insoluble in wator. It is not sapmiflod by alkalis, and in alcoholic 
solution forms wdth ammoniacal silver nitrate a precipitate which turns black when 
heated. It is not altered by nitric acid, but in contact with bromine and water it is gra- 
dually converted into azolaic acid. It exhibits the composition of azolaic aldehyde, 
AZSZ.AZC AXi»BBTl>B. See the last article. 
AXO-AMlTDOCBlt'YSAJMmcxc ACZ1>« See Chrtsammic Acid. 
AXO-ABCZXIOBBACYXiXC ACZX>. See Dracyj.ic Acid, under Bhnzoic Acid. 
AXO^Axrxszc ACXB. See Anisic Acid (p. 173). 

AZOBBXrZBBTB. Sec Bknzenk. 

AZOBBBTXOZC ACXB. See Bknzoic Acid. 

AZO-COMCBOWrDS. The constitution, gcnenil properties, and modes of forma- 
tion of these compounds are described under Auomatic Skkirs (p. 208). 

AZOCOMKYXIBZXXB* See vol. ii. Addbnda (p. 964). 

AZOCTBKBBrB. See Cymenk-debivatives, and Benzene, Homodooues of, 

AZOBZBTAJPBTBlTZi^BXAIIXZBrB* See Napiithylamikes, 

AZOX»ZOXZBn>OXM See Isatin. 

AXOBZBXJUi VX«*BZAJU1JW B« Syn. with Dtazoavidohrnzbne (iv. 459), 
A.ZO]>BACrrUC ACXB. See Dkactlic Acid, under Benzoic Acjd. 

AZOFBWli r JbAinVB. Syn. with Diazobenzbnb (iv. 430). 

= C«(H-K»)N* (Caro a. Wanklyn, CAem. Soe. 

{A\ IV. 324). — A base related to rosaniline in the same manner as azophenyl- 
anune (diazobenzene) to aniline, and produced in like manner by the action of aitrereUi 
®«id on a salt of rosaniline : 

+ 3NHO* * + 6H*0. 

*'*^*^^1®* ujsophenyl amine in yielding explosive salts, and when boiled with hydro- 
chloric acid, it is converted into rosolic acid, which is related to rosaniline in the 
■wnnor aa phenol to aniline : 

C>*H«*N* + 3HH) - 4^ N*. 

Aaorcisanlfine. BowUc add. 
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AXOTOtVBN’B. See Toluene-derivatives, under Benzene, Homoloquks op. 

Ji%OJLXX'J>OIt. Seo IsATiN. 

AZOXTBSTTZETTS:. See Benzene. 

AZOXYBSXrzOJC ACXX>, Seo Benzoic Acid. 

AZOXYBEXFISa See Xylene-dehivatives, under Benzene, BComolooues of. 

AZOTOZVSJrS and AZOXYTOZVJBZTi:. See ToLUENE-pEUivATiVEs, under 
Benzene, IIomolooues of. 

AZITLBltrX! or CJ5RT7]L£XXir. A deep blue substance contained m many essen- 
tials oils (iv. 185). 

AZir^Zir or JkZTraZir. A blue colouring matter obtained by boiling pemiine 
stable (iv. 324) with aniline. 

AZTIUZC. A term applied by Pasteur to those infusoria which act as ferments 
only in presence of air, tlioso which act iinlopcridently of the air being called zyrnic. 


B 


SAIbATA. A substance resembling caoutchouc and gutta-percha, obtained from 
the dried milky juice of the Bully-tree of Guiana {^ipota Muellcri) (Sperling, 
Zeilschr.f, Chem. [2] v. 480). 

BAZSAIMtS. See CoPAinA and Peru lUiaAM. 

BARADrZXjZITE. This name is applied by Rcimann {Vinyl, pot. J. clxxxv. 49 ; 
Jahi'csh, 1807, p. 900) to the aniline oil prepared from crude benzol boiling between 
100*^ and 150°, that which is obtained from benzol boiling below 100° being called 
cuphaniline. According to Iloimann, the best yield of aniline red is obtained from a 
mixture of 3 pts, cuphaniline and I pt. baranilino, or approximately, 3 pts. aniline to 
1 pt. toluidine. 

BARBXTxmXC ACXB. See Uric Acid, Derivatives of (v. 902). 

BARAIMEnxOMTIiriME. A com^xiiind of barium and ammonium, described under 
SOIJAMMONIUM (v. 320). 

BABZlTMCi Crookes {Chem. News, vi. 194) prepares metallic barium as follows; 
A saturated solution of the chloride is licatod to 93° with sodium-amalgam ; the 
eupornatint liquid is decanted from the amalgam thereby produced ; and this amalgam 
is again boiled with the barium solution, then freeii from salts by kneading under 
water, and from excess of mercury by pressure in a cloth. The very cf>mpact crystal- 
line amalgam thus produced is placed in a bent tube under petroleum, and this liquid, 
together with the mercury, is removed by distillation, the heat being ultimately rjiise<l 
to redness. The metallic barium which remains tarnishes quickly oiT exposure to the 
air, and is gradually oxidised to pulverulent baryta ; when scratcliM under petroleum, 
it exhibits metallic lustre. In w'ator it gradually sinks and oxidises, with violent 
disengagement of hydrogen. In an alcohol flame it burns with red-green colour. 

Barium Aloobolate, Ba(C-It''0)% separates on boiling an alcoholic solution 
of baryta. It can only ho dried in an atmosphere of perfectly dry hydrogen gas at 
100°. In contact with the liquid in wliich it has been formed, it redissolves on 
cooling, yiobling a solution more concentrated than the original. A solution thus 
formed contained 2188 grms, barium oxide in 10 cub. cent., and had a sp. gr. of 1*031 
(Berthelot, Bull. Soc. Chim. [2] viii. 289). 

Barium Alloys. When an alloy of sodium with lead, tin, bismuth, or antimony 
(not containing more than a third of its weight of sodium) is introduced into a 
crucible in which barium chloride is fused at a strong red heat (the quantity of the 
barium chloride being more than equivalent to the stxlium contained in the alloy), 
the heat continued a few seconds longer, and the crucible then remove^l from 
the fire, a crystalline alloy of barium and the heavy metal is produced containing only 
a trace of sodium. An alloy thus prepared with sodium bismuthide and bariun\ 
chloride contained 28 p. c. barium. Such alloys may also be prepared without the 
use of reduced so<lium, by heating an intimate mixture of sodium carbonate, charcoal, 
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barimn cMorido, and finely divided tin, &c., as long as vapours of sodium contimie ta 
escape. The same methods soi^e for the preparation of alloys of tin, antimony &C.. 
with gtrontiim and calcium. Tho alloys of the earth-metals thus obhiined m not 
decomposed bv strong heating in a crucibh lined with charvoal ; tJiey oxidise quickly 
if] the air, and if they contain more than 6 p. c. of tho oarth-mvtal, docomposo wati 
with facility, the other metal then remaining unattackod, in tho form of a black 
l>owder; those which contain antimony giro off gaseous hydrogen aiitimonide (Carom 
Compt. refhd. xlviii. 440; JaAres^. 18f)9, p. 129). 

A crystalline alloy of barium and aluminiu/n is obtained by Iwaiing baiy'ta with 
aluminium and a small quantity of barium chloride. This alloy, w liicli contains 23 
or 2-i p. c. barium, is somewhat darker-coloured tliaii almriiiiium, ami exhibit-s a 3 'ollow 
reflex on some of its faces ; it decomposes water quickly at (ordinary temperatures, 
forming a solution which does not exhibit any alkaline reaction, pi\)bably because the 
baryta and alumina unite to form an aluminato ( BeketoflP, Bn//. Soc, Ckim. 1 1 mars 1869), 

A p/alinum wire plunged into fused barium chloride, and attached to the negative 
pole of a battery, the current of which is passing through the chloride, becomes covered 
with a yellow brittle alloy of barium and xdntinum, which slowly dixurniposos water, 
leaving platinum in tho form of a fine jiowder (Matthiossen, Chem. J. viii. 
291). 

Caron {Compt. rend. 1. 647) obtained an alloy of barium and cine by melting zinc 
with barium chloride and sodium. 

Barium Bromide. Tho liydratcd bromide BaBr’* . 211^0 crystallises, according to 
Ilamll (Jahres/). 1869 p. 132), in rhombic combinations of a prism of 106° 8' and 
73° 52', having tho acute edges truncated, and terminated at both ends by several 
pyramids and brachydomes. Kammelsberg {Bopp. Ann. exxii. G16 ; Jahres/). 1864, p. 
189) refers the crystals to a x»rimary form in whicii the axes a :/>: c = 

0 3768 : 1 ; 0'4348 (Ifandl’s of 106° 8' and 73° 61^' then becoming oo f 2). Ho 

oltserved combinations of P . 3p3 . . Pco . sfoo . 'Poo . oopoo . Anglo P : P 

(bracb.) = 148° 16' ; P : P (inaer.) ~ 86° 36'|; P : P (bitsal.) = 102° 2’. The homi* 
morjdious and partial development of the crystals giv'es them a monoclinic character; 
jiiul in fact O. Werthor {J. pr. Chem. xci. 167) supposed them to belong to tho 
monoclinic system. 

Tho sj>ecific gravity of anhydrous barium bromide is 4'23 ; of the hydmtcd salt, 
3‘()9() (II. SchilT, Jahresb. 1868, p. 11). 

The specific gravities (referred Uj water at 19‘6° as unity) of solutions of bariuTO 
bromide of various strengths have been determined by Kremers {Jahresb. 1867, P* 67) 
with tho following results : 

BaBrMn 100 pts. water . 17'81 38 83 60 92 81*97 104*68 

iSp gr. of solution , . 1 1440 P3005 1*4607 1*6816 1*7116 

Barium Clilorlde. Sp. gr of tlio anhydrous chloride BaCP ^ 3*82 ; of tho 
bydraLtnl chloride, BaOP. 211*0 — 3*062 (Sehiff, loc. vit.) ; 3*081 (Buignet, Jahresb, 

1861 , p. 16 ). 


Specific Gravities of Aqueous Solutions of Barium Chloride. 


Kremers • 

Gcrlach t 

BchllTt 

Parc*' nt ago 

Sp. gr. 

Percentage 

Sfiocirjc 

Percentage of 

Specific gravity 

of lifcCl* 

(water at 19'6® 

of BaCl* 

gravity at 16® 

llaCT. 211*0 

at 21*6° 


* 1) 





8 38 

1*0760 

5 

1*0468 

3*50 

1*0261 

18 24 

1T621 

10 

1*09.61 

7*00 

1*0531 

27*53 

1*2246 

16 

1*1485 

10*51 

1*0816 

36*44 

1*2837 

20 

1*2061 

14*01 

1*1123 



26 

1*2702 

21*02 

1*1770 



26*97 

1*28*27 

81*63 

1*2878 


BespecUng the solubility of barium chloride in aqueous aloohol of various strengths, 
see Bthyl 


• Pogg. Ann, xdx. 62 ; Jahre^. 18^7, p. 67. 

t Gtwiehte der gtbrdtKhUckUm SaUiottmgen bei mchisdenm C^lKetUraikmsgradtm FrsfiMlg, 
1859. Jahrttb. 18fi9, p. 43. 
t Ann. Ck. PJu&m. evil. 293 ; Jahresb, 1868, p. 88. 
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, Sfurtnm XoAid«* Bal^. — Liebig prepares this salt by drenching 1 pt. of finely 
divided amorphous phosphorus in a porcelain dish with 40 pts. of warm water 
gmdually adding 20 pts. of dry iodine, and bringing it into contract with the phos* 
phorus by trituration with a pestle. As soon as the originally dark brown liquid has 
become colourless (a change which may be accelerated by warming in the water-bath) 
it is to be decanted from the slight residue of phosphorus, and saturated with barium 
carbonate ; baryta-water then added sufficient to produce a slight alkaline reaction ; 
the liquid filtered from the separated barium phosphate ; and the solution of barium 
iodide evaporated, any slight excess of barytti that it may contain being separated by 
absorption of carbonic acid during the evaporation (Ann, CA. Pkarm. exxi. 222), 
G. Werther (J, Chem. xci. 331) obtained this compound as a bye-product in the 
preparation of barium tetrathionato (v. 641), in rather large, well-defined crystals 
containing BaP. and isomorphous with the bromide ; they are very deliquescent, 

and quickly turn red-brown in conbict with the air. Werther did not obtain the 
heptahydrated crystals described by Croft (i. 604). 

According to Kremers (Jahresh. 1868, p. 40), 1 pt. of anhydrous barium iodide 
dissolves in the following quantities of water at the temperatures under-mentioned ; 


Temperature . . 19-5® 30° 40® 60° 90° lOfi'^ 

Quantity of water . 0'69 0*48 0*44 0*43 0 41 0 37 0*35 

Solutions of various strengths were found by Kremers to have the specific gravities 
ated in the following table, referred to that of water at 19'5° as unity; 

Quantity of Bal* Specific gravity 

In 100 pts. of water of solution 

27 0 1*2157 

63*8 1*4099 

86*8 1*6186 

116-6 1*7963 

146 0 1*9686 


Respecting the expansions of solutions of barium iodide of various strengths, see 
Kremers, Pogg. Ann, cxi. 60; Jahresh, 1800, p. 47. 

Barium Oxides. The monoxide ot Anhydrous Baryta , BaO, may bo prepared on 
the large scale by igniting a mixture of barium carbonate and charcoal in a rever- 
beratory furnace, and directing a stream of oxygen gas on the hearth towards tlie end of 
the reaction ; the remaining charcoal is thereby burnt, but in consequence of the high 
temperature the carbon dioxide produced is not absorbed by the baryta (atmospheric 
air cannot bo substituted for pure oxygen in the process). The baryta thus obtained 
is said to be pure, with the exception of a small amount of alkali (Tessi6 du Mothay, 
Bull. Soc. Chim. [2] viii. 464). llividro ignites barium sulphate with ^ of its weight 
of pounded coal ; decomposc.H the barium sulphide by means of the carbonic acid gns 
pitxluced in the reduction ; and finally converts the precipitated barium carbonate 
into oxide by ignition with of its weight of coal ; but, accoi^ing to Scheurer-Kestner, 
the process does not yield very good results (Bull. Soc. industr. de Mvlhouse^ xxxvi. 
446 ; Jahresh. 1867, p. 908), 

Dioxide or Peroxide, BaO*. — The dioxide prepared by passi ng oxygon over heated 
baryta, or by igniting barybt with potassium chlorate (i. 606), always contains a certain 
proportion of the monoxide. To obtain it pure, Brodie (Proc. Boy. Soc. xii. 655) 
converts the crude peroxide prodticed by either of the methods just mentioned into a 
hydrate by trituration with water ; then gradually supersaturates it with dilute 
hydrochloric ttci<l ; mixes the filtered solution, first with a slight excess of baryta- 
water, and then (after quickly filtering off the precipitate of alumina and ferric oxide 
through linen) with more l)aryta-water, whereby the hydrated dioxide is thrown 
down in shining laminie. It is insoluble in water, and when pressed between paper 
and dried under the air-pump, gives off its water and leaves the anhydrous dioxide, 
in the form of a white perfectly stable powder resembling magnesia. 

Barium dioxide is decomposed by the sulphates of the alkali-metals, yielding barium 
sulphate aud a hydrate of the alkali-metal, together with rapidly diminishing 
quantities of hydrogen dioxide ; with alkaline carbonates in slight excess, the 
hydrogen dioxide produced is somewhat more stable (Weltxien, Jahresh. 1866, p. 
110), With ethylsulphuric acid, it yields ethyl oxide and ethylene gas (Baudrimont^ 
Campt, rend. Ixii. 829). 

The chlorides and oxides of oxygenated crg^ic radicles are converted by bariura 
dioxide into the corresponding peroxides (Bro^e). See vol. iv. p. 309. 
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SATBVZX>X>3rrB« A substance of oi^nic origin, occurring in the ooak 
measures of the neighbourhood of Bathville (b^ordering on the Torbane Hill district) 
in brown brittle lumps of sp. gr. TO 10. It is infusible and does not yield anything 
to benzol. Moderately dilute nitric acid lias no action upon it, but strong sulphuric 
acid, with aid of heat, chare it eomplotely. Heated in a platinum crucible, it emits a 
fatty oilour, gives off gases which burn witli a smoky Ouiue, and loaves a pure white 
ash. Its analysis gave 

0 H N, 0, S, &o. Ash 

6889 8-56 7'23 25-32 = 100 

or, calculated on the substance free from ash, C 78*86, H 1 1 46. The difference from 
100 being reckoned as oxygen, the composition answers to tlio formula 
(0. Gr. Williams, Chem. AVws, vii. 163). 

Bauxrris. This name wa.s originally applied by Berlliier (Ann. Min. [6] vi. 
531) to a ferruginous aluminic hydrate, containing 65*4 p. c. alumina and 44'5 feiTic 
oxide, occurring in roundish masses in tlio cryst^illino limestono of Baux, near Arles, 
in Franco. Tliis mineral fusid with alkalis gives traces of vtinadie aciil (II. Heviile, 
Ann. Ch. rhys, [3j Ixi. 309). 

Analyses of bauxite and allied miner.vls have boon made by M. v. Lill 
1866, p. 923), Schnitzer (Dinyl. poL J. elxxxiv. 329; Jahnab. xx. 082), and U. 
Beville (A7in. Ch. Vhya. [3] Ixi. 321, 324). 

BAYIiDOBflTB, A livdratcd arsenato of lead and copper from Cornwall, 
occurring in sm.'ill warty conerotions, of grass-green or blackish-greon colour, slightly 
conehiudal fracture, and more or less distinct resinous lustre. Ilahlness — 4-6. 
Sp. gr. «= 6-35. Analysis gave 30*13 p. c. PbO, 30*88 CuO, 31*76 As"0^ 4*68 H'-fQ, 
with 2*65 ferric oxide and loss, loading to (ho formula Pb0.3Cu0.A5’''0*.2H’'0 or 
Pbru*(AsO*}'.CulPO“,HT) (Church, Chem. Soc. J. [2] iii. 266). 

B£ASr. The bean from which J)r. Stenhouso obtained bases (apparently of the 
pyridine series) by destructive distillation {Phil. May. [3j xxxv. 634) was the 
kidiuy-boan {Phciscolus indgarin), not the common fiold-beuu (Fnba vtdyaria) as 
originally stated {ConimunicalMn from J)r. Stenhoaae). 

BSAVMOM’TXTS. Deseloizeaux {Ann. Min. [6] xi. 261) concludes from the 
optical properties of this mineral that it is identical with heulandito (stilbilo). See 
Srii.niTK (v. 433). 

BBaxanrs or BBBBERZBTB. Aceonling t.o J. Tmpp {Jahresb. 1863, p. 702), 
this alkaloid gives with phoephomolyhdic acid a yellow precipitate, which dissolves 
in ammonia, forming a blue solution which bt^coines colourless on boiling. 

Accfjixling to Walz {N. Jahrb. Phanu. xiv. 16; Jahresb. 1860, p. 648), buxine, the 
alkaloid f)btaiTjed from the leaves ami other parts of Jluxu.<i aempervirens. is identical 
wiili bebirino, the annlysiH of tile alkah/id itself, and of its hydrochloride, platino- 
chlori.le, and merourochloride, leading to tlio formula of bebirino C‘“IP*NO*. The 
alkaloid dissolves in 6,000 pts. of cold water, funning a feeble alkaline solution, in 
1.800 pts. of boiling water, in 2 to 3 pts. alcohol of sp. 0-86, in 6*2 pts. of anhydrous 
alwhol, and in 13 pts. of pure ether, the alcoholic and ethereal solutions being 
strongly alkaline. It remains in the amorphous state when its solutions are 
eva[x>rated, and all its salts are unerystallisable. 

.\ecording to Fiiickiger {Zeitsehr. /, Chem. [2] vi. 251), parisine obtained by 
inekler from a cinchona-bark, and pelosine from the root- and stem-bark of 
Vir.safnjjclos Pereira and IJotryopsis plaiyphylla are likewise identical with bebirino. 
Tilts alkaloid is especially di.stiiigiiished by the readiness with which it is precipitated 
from solution in hydrochloric acid by potassium nitrate, ammonium chloride, and 
p^Jtibsium iodide, 

BBCXXTS, For Church’s observations on this mineral, see PhU. Mm, [4] 
xxiii. 96. t 4 

BSCtrZBZC ACZBa A cr}*stallisablo acid contained, together with gum, resin, and 
tannin, in the red juice of Myristiea lAouhyha (Th, Peckolt, Chem. Centr. 1801, p, 726), 

SSX!&. A large number of analyses, recently made, show that in the rarioui 
classes of malt-liquor sold in London there is a variation in the amount of alcoholie 
contenU from 3*87 to 8'41 per cent, of absolute alcohol by weight, these two 
extremes corresponding to *98 and 2T8 fluid ouncee of absolute alconol in the pint 
of beer The amount of extract varies from 2*16 to 18*32 per cent by weighty or 
from *73 to 2*77 ouncee per pint of beer, as will be seen from the accotnpanyiiig 
table. 
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Kind of malt liquor 

Specific 

gravity 

1 Percentage of 

Original 

Malt 

1 Contents per pint 

Alcohol 

Extract 

Acetic 

acid 

gravity 
of wort 

per 

barrel 

Alcohol 
fl. oz. 

Extract 

oza. 

Aci(? 

gra. 

Burton ale> 
(Allsopp’s) . J 
Bass’s barley) 
wine i 

1040*38 

8*25 

13 32 

•32 

1121*63 

4*50 

218 

2-77 

29*12 

1032*31 

8*41 

11*75 

•23 

1114*78 

4*25 

2*18 

2*42 

20*77 

Edinburgh ale. 

1006-63 

4*41 

3*58 

•19 

1048-38 

1*77 

1*12 

•72 

16*73 

Guinness's stout 

1015*51 

6*81 

6*17 

•24 

1078-06 

2-88 

1*74 

1*25 

21*32 

Truman, Han- \ 
bury, & Co.’s 1 

1013*16 

4*02 

5*12 

•24 

1051-33 

1*90 

1*03 

1*01 

21*27 

porter . . . . j 
Whitbread’s) 
ptirter . . . 

1014*04 

4*28 

6*15 

•18 

105411 

2*00 

1*09 

1-03 

15*97 

Iloaro’s porter . 

1012*99 

4*18 

5*04 

•18 

1052-42 

1*94 

1*06 

1*03 

15*96 

Perry’s ale . . . 

1006*48 

3*87 

3*65 

•14 

1045*82 

1*69 

0*98 

0*73 

7-97 


The relative proportions of alcohol and extract also differ according to the class of 
malt-liquor, and independently of the actual strength measured by the quantity of 
malt per barrel used in browing. Thus, for inst^ince, pale ale, as a rule, contfiins less 
extract relatively to the alcohol than old or mild ale. This difference is chiefly due 
to the way in which the fermentation is conducted, and to its being carried further in 
the brewing of pale ale than it is in other cases. 

In comparing the results of analysis, with the object of judging as to the quality of 
beer, some considerable allowance must bo made for those differences in the character 
of boor which are not clearly expressed by the amount eitlier of alcoliol or of 
extract, nor oven by the proportion of malt used in browing, as indicated by the 
cstiniated original grjivity. In this respect, the system of brewing adopted in 
particular cases may be of far greater influence in determining the quality and 
diameter of beer than the more amounts of alcoliol and of extract that it contains; 
but, subject to this influence, the amount of malt indic.ated by the estimated original 
gravity of beer, as having been used in the brewing, may be regarded as the best 
approximative bist of quality. It must, however, bo borne in mind that sugar is 
now largely used in browing as a substitute for malt, and lliat there are no means of 
ascertaining by analysis when this is the case. 

The relative proportions of alcohol and extract in beer will abso have some influence 
on its fitness in a medical point of view for certain persons ; ami in some instances 
thin dry boor that has had the fermentation cjirricd so far as to reduce the amount of 
extract to a minimum, may be very preferable b) beer containing a larger amount of 
extract. In this respect, some samples of the Trestonpans beer are remarkable for 
the small proportion of oxtmet they contain. 

In reganl to the nutritive value of beer, over and above the stimulant and tonic 
actions duo to the alcohol and to the bitter principle of the hop, it is w'orth notice 
that a pint of pale ale contains from ^ an ounce to 1 ounce of solid extract, while 
mild and old ale contsiiu from 1-j^ to 2 J ounces in the pint. 

The amount of free aci^l in British beer npjxiars to be unifomdy larger than in 
tjio \ iennese and Bavarian beer recently intnxlucod here, and sometimes it is verj' 
much larger. This free acid is represented in the tables as acetic acid ; but there is 
reason to believe that boor probably conbiins lactic acid or other fixed acids, together 
with a substance analogous to glucic acid, which, according to Gmham, Hofmann, and 
R^wood, appears to bo produced in the fermentation of beer-wort, as practised in 
this country. 

There appear to be groat differences in the quality of beer sold by publicans at a 
given ^ price. Thus, for instance, the variation in the piilo ale sold at fourpence per 
pint is from 4*08 to 7‘10 per cent, of alcohol, and from 3 22 to 7‘53 per cent, of 
extract ; m the mild ale sold at twopence per pint it is from 4*43 to 6*62 per cent, 
alcohol, and from 6*01 to .5*56 per cent, of extract; and in old ale sold at fourpence 
per pint it is Brom 6*20 to 8*31 per cent, of alcohol, and from 4*56 to 6*2 per cent, of 
extract These differences represent respectively 1*68, *27 and *49 bushels of malt 
per barrel of the beer. 

From the great alcoholic strength of some kinds of old ale, they partake more of 
the nature of wine than of beer, in the usual sense of this term. They are, in fact, 
quite equal in that respect to most of the cheaper wine imported from the Continent, 
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while, in flaronr and general character, old ale, such as that brewed at Burton -on- 
'Trent and in Scotland, is far superior to any wine of the’kind referred to, which 
can be sold here at a price even double that of the best old ale. This kind of ale, 
however, is but rarely sold by puhlicanB. B. II. P. 

BSSrOUC C**H^O* (Haussknecht, Ann. Ch. Pharm. ciliii. 40). — An 

acid produced by the abstraction of the elements of hj'drogen bromide from bronnMe 
of erucic acid, C”H^^O*Br*. When this latter compound is enclosed in a scaled tube 
together with 4 or 6 mol. of potassium hydrate in alcoholic solution, and heated to 
145 ® for seven or eight hours, the product, after cooling, dissolved in water, and 
hyilrt>chloric acid add^, benolie acid separates, and may bo obtained by recrystallisa- 
tion from alcohol in tufbs of white noodles. It melts at 57 '5°, becomes electric when 
rubbetl, dissolves easily in ether and in absolute alcohol, loss easily in cold aqueous 
tilcohol, and is insoluble in water. It does not take up hydrogen when heated with 
b<k 1 i um-amalgam. 

The benolatos of the alkali-metals are soluble in water, the rest insoluble. The 
jHttassiuyn and sodium salts form nodular crystals ; the ammonium salt separates from 
dilute alcoholic solution in colourless iaminie, which soon give off ammonia and 
])ecoTne opaque. The silver salt is insoluble in water and in alcohol. 

TIio barium salt obtained by precipitating barium chloride with tho 

acid, is insoluble in water, alcohol, and ether. Tho strontium and calcium salts 
resGiiible it. The magnesium salt is precipitated by tho acid from an alcoholic solu- 
tion of magnesium acetate, and separates from boiling alcohol in crystals containing 
3IPO. It is efflorescent, and melts at 130° with loss of its cj-ystal- 

lisation-water. 

As enicic acid, which belongs to the acrylic series, is bivalent, benolie acid, which is 
(leriv<xi from it by abstraction of H*, must be quadrivalent. Accoidingly it forms a 
dibromide and a tetrabromido. 

Tho di bromide, is produced, with slight evolution of hydrobromic 

acid, when rather more than 1 mol. of bromine is gi'oaually added to 1 mol. of the 
benolie acid. It forms shining white laminae, melting between 46° and 47°, heavier 
tlian water, easily soluble in alcohol and ether. Heated for several hours with alcoholic 
potash in a sealed tube to 160° (not in the cold), it gives up bromine and appears 
to bo chiefly reconverted into benolie acid; an acid containing less hy<lrogen does not 
appear to bo formed. 

The tetra bromide, is formed, with violent hissing and copious 

evolution of hydrobromic acid, when benolie acid is added by small portions to excess 
of bromine, and separates as a fused, afterwards solidifying mass, which may be 
purified by solution in soda-ley, precipitation with hj^drochloric acid, and crystallisation 
from alcohol. It forms white shining laminae, melting at 77° to 78°. It is decom- 
jxised by alcoholic potsish, but without yielding any definite products. S(Hlium- 
amalgam at tho boiling heat slowly withdraws the whole of the bromine, forming an 
acid melting at 33°, probably erucic acid. 

SloxybeaoUo Acid, ja produc^ed, tegether with another solid acid 

(brassylic acid) and a liquid oil (brassylic aldehyde), when red fuming nitric -acid is 
added by drops to melting benolie acid; and if the semisolid product of the oxidation 
be carefully washed with water and then dissolvod in hot absolute alcohol, tho 
dioxybenolic acid crystallises out for tho most part on cooling, while the other solid 
acid and the oil remain in solution, and separate out after some time only. Dioxy- 
benolic acid is obtained by reputed crystallisation in small yellowish scales ; it melts 
at 00°-91°, and solidifies again in the ciystalline state. It is insoluble in water, 
less soluble in alcohol than benolie acid, not further attacked by nitric acid. It is 
monobasic. The dioxybenolates of the alkali-metals separate from alcoholic solution 
in crystalline crusts; those of the alkaline earth-metals are insoluble in water and in 
alcohol. The silver salt (P*MPAgQ* is a white precipitate not much affected by 
light. ' ^ 

BSmSAMCniB. According to Petersen (Ann. Ch. Pharm, cr. 277)* bensamtde if 
‘fohned on distilling a mixture of sodium benzoate and sal-ammoniac ; according to 
J. Head, on the contrary (Jahresh. 1858, p. 314), no benzamide is formed under tbffO 
circumstences, but a sublimate of benzoic acid is obtained, with evolution of ammonia ; 
probably thus : 

C^H^KaO* + NH«a « C’H«0* + NH* + NaCL 

The crystals of benzamide obtained by melting it, and decanting the still fluid liroai 
the partially solidified portion, are tabular rhombic comhinatiions, aoP«o .ooP. 
«o P2 . 00 1^00 . Poo , having the axes o ; 6 : in the ratio .0*9838 : 1 : 0'287, and 

Bup. 8 
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the angle ooP : ooP (macr.) = 89® 4' j : Poo in the same = 153® 66’. CloaTage 
perfect parallel to ooPoo (G. vom Rath, Ann. ex. 107). 

Sulphuric anhydride ^^conTerta benzamide into a brownish-yellow mass smelling of 
benzonitrile, ani containing (together with unaltered benzamide) ammonia and sulpho- 
benzoic acid, the benzamide being probably first resolved into ammonia, benzonitrile, 
and benzoic acid, which latter is then converted into siilphobenzoic acid. Sulphuric 
cJdorhydrate, SO*HCl, heated with benzamide, yields benzoic chloride, benzonitrile, 
benzoic acid, and probably also sulphobenzoic acid (Engelhardt, Jahresh. 1864, 
p. 350). . . 

Benzamide boiled with bromine and water is converted into sal'>amnioniac and 
bromobenzoic acid ; . , 

C’H’NO + H*0 + Br* « NH^Br + C’H^BrO*. 


The bromobenzoic acid thus produced appeared to be a mixture of two isomeric acids, 
inasmuch as on recrystallisation the melting point rose from 149° to nearly 200° 
(W. Brauns, Arch, Pharm. [2] exxvi. 214). 

[j^nzamide gently heated with phosphoric eulphide^ P*S*, yields a distillate of ben- 
zonitrile, and a residue probably consisting of cyaphenine mixed with phosphoric 
anhydride (L. Henry, Zeitachr.f, Chem. [2] v. 446). 

Metachlorohenaamide, C^H*C1N0, is formed by triturating motachlorobenzoyl 
chloride (salyl chloride) with ammonium carbonate (Q-erhardt a. Drion ; see i. 640) ; 
also by the action of ammonia on ethyl metachlorcjbenzoate. It crystallises in very 
beautiful nacreous needles, soluble in alcohol and ether, very slightly soluble in 
boiling water, melting at 139°, and sublimable without decomposition (KekuU, Ann. 
Ch. Pharm. cxvii. 146). 

Kitbobbnzamidb, C'H*(NO*)^^0, is most easily obtained from the product of the 
action of phosphorus pentachloride on nitr<)benzoic acid (after removal of the 
oxychloride at about 130°) by dropping this product into strong aqueous ammonia. 
It melts at 140° to 142°, and is converted, by treatment with ammonium sulphide, 
into amidobenzamide, C’H«(NH*)NO or oxybenzodiamide, N*(C»H^O)"H\ 
isomeric with phenyl-carbamide. This comjpound separates from solution in crystals 
containing CWN'-'O . H*0, which melt and give off tlieir water at 76° (Beilstein, Ann. 
Ch. Pharm. cxxxii. 187). Compare Chancel’s statements, under Oxybknzoi>iamidb 
(iv. 294). 

Paranitrobenzamide (nitrodxacylamide), prepared similarly to (ortho-) nitro- 
benzamide, is less soluble in water, and melts at 197° to 198°. By ammonium 
sulphide it is converted into para-amidobenzaraide (amidodracylamide), which 
forms large light yellow crystals, 2C’H"N*0 . n*0, much less soluble in water tlian 
(ortho-) amidobenzamide, and melting at 178° to 179° with loss of 3 2 p. c. water. 
By boiling with potash, it is resolved into ammonia and para-amidobenzoic (amido- 
dracylic) acid (Beilstein, loc. cit.). 

Thiobenzamuie, C^II'NS, is converted by iodine into the compound 
which crystallises from boiling alcohol in long colourless needles ; melts at 90° ; sub- 
limes without decomposition at a higher temperature; is decomposed by boiling with 
alcoholic soda, the sulphur being separated as sodium hyposulphite ; not altered by 
boiling with hydrochloric, nitric, or dilute sulphuric acid ; but converted by boiling 
with moderately strong sulphuric acid into a base, which melts at 71° and 

forms crvstollisable salts. Chlorine, bromine, and dilute nitric acid act upon thio- 
benzamide in the first instance in the same manner as iodine, but jthoir action has a 
tendency to go further, giving rise to substitution-products (Hofmann, J)eut. Chem. 
Qes. Berlin. 1869, 646; Zeitechr.f. Chem. [2] vi. 208). 

Diazobbkzamidb, C’H*N*0 » N | N O ___ nitrate of this amide, 

C^H^N*0 . NHO*, is doscpibod in vol. iv. p. 296. 

The nitrates of the isomeric compound diazodracylamide and diazosalyl- 
produced in like manner by the action of nitrous acid on amidodracylamide 
•ndi^amidosSylamide in etheteal solution. 

' DiAZOBENiBiMiDB, C'H^N’O* =» N | ^ produced by the action of 

aqueous ammonia on the perbromide of diazobenzoic acid : 

C»H*N»0*.HBr.Br* + 4NH' « SNH^Br + C’H»N*0*. 


It crystallises in almost white thin laminae, which dissolve easily in alcohol and ether, 
lass easily in boiling water, scarcely at all in cold water, melting at 160°, and decom- 
posing with slight &tohation. It forms well-defined salts ; the silver salt is a white 
Amorphous precipitate. 
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j^ooierie compounds are formed by the action of ammonia on the perbromides of 
diasodracyltc and diazosalylic acid. DUizodracylimide likewise crystalliscB in 
laminse, but melts at 186®. DictzoiolyUimde is racderately soluble in boiling water, 
and crystallises there&om in long ne^es which melt at and sublime at 100® 
(Griess, Zrittehr.f, Ch»m, [2] iii. 184). 

Dibbnjamid* or BnnsicroyiJLMiDK, C**H**NO* « N(C'HH))*H, is produced, together 
with benzamide, by the action of potassamide on benzoyl chlorftle dissolved in anhy* 
drouB ether (iv. 696) : 

3C»H»0C1 + 8NKH* - C’H’NO + C»*n«'NO* + 3KC1 + NH*. 

The mass of colourless crystals thereby produced is freed from ether by distillation, 
and rapidly washed with cold water to remove potassium chloride: the residue, on 
recrystallisation firom boiling water, separates into more soluble benzamide and less 
soluble dibenzamide. Dibenzamide crystallises in rhombic combinations of a pyramid 
with a secondary prism, soluble in 800 pts. of water at 15®, and melting at 138®. 
Its reactions are similar to those of benzamide (Beilstein a. Landolt, .dnn. Ch, Pharm, 
cal 1). According to G. vom Rath {Pogg. Ann. cx. 107), the crystals exhibit the 
combination P . ool^, with the axes a : 6: o in the ratio 0'9305: 1 : 1*^90 ; and 
augle P : P (brach.) - 109® 60'; P : P (macr.) « 103® 46'; oof*2: ooP2 (macr.) 
ea 123® 30'. Cleavage perfect parallel to ooPoo. 

BBjrZAJrzUOB and 3>XBiarUUrXXiXX>ll. See PHB 2 ^L-BaircAiaD £8 (iv. 476). 

BBBBAirzXJ»TX. OBX.OBXBB. This name was given by Gorhardt {Ann. Ch. 
Phy». [3] liii. 307) to a compound obtained by the action of phosphorus pentachloride, 
assisted by a gentle heat, on benzanilide (iv. 476). A brisk reaction takes place ; 
liydrochloric acid is evolved ; phosphoric oxychloride distils over ; and the small quantity 
of that compound remaining in the liquid prwuct may be removed by adding a small piece 
of phosphorus, whereby it is converted into phosphorous chloride, PCI®, which is easily 
driven off by a gentle heat. Benzanilidyl chloride, N(C’H*)'"(C*H*)C1, then remains 
in the form of a viscid mass, which colours flame green, fumes in the air, is decom- 
posed by water and aqueous alcohol, with formation of benzanilide, dissolves without 
decomposition in ether, and is resolved by heat into benzonitrile, NC’H®, and 
phenyl chloride, C*H*C1. Heated with excess of aniline, it gives off hydrochloric 
acid and forms a solid mass, con8istin|f of a diamide, C**H**N* or N*(C^H®) ''(C®H‘)^H, 
If, on rile other hand, the chloride is in excess, the resulting thick mass, treated with 
boilii^ alcoholic potash, gives off the odour of phenol and forms an alkaline solution 
containing salicylic acid : 

+ KHO + 4H*Q « 2C*H*0 + <7H*KQ» + 2NH® + H*. 

Diamlde. Phenol. PotMiium 

salicylate. 

Benzanilidyl chloride is violently attacked bv dry ammonium carbonate, and the solid 
product, a^r being washed with water, yielos to boiling alcohol a solution from which 
benzanilidylamide crystallises in brownish-yellow radiate nodules, which are but 
slowly attacked by alcoholic potash solution, even at the boiling heat. 

BBBKBmi or BBYSOXu®* C*H*. Forfnaiion. — 1 . From other hydrocarbons, 
a. Acetylene, heated in a bent glass tube over mercury to the softening point of the 
glass, is converted into a number of {Kilymeric hydrocarbons, among which is bensene, 
forming about half the entire liquid product : 3C*H* — C*H*. ^^nzene may there- 
fore be regarded as triacetylone (Bertnelot). See Acettlexcb (p, 82>. — Toluene* 
passed through a red-hot porcelain tube yields a liquid distillate containing a 
considerable quantity of benzene, together with naphthalene : 

4Cm* - aOH* + + 3H», 

7. Xylene, and Cumene, C*H‘* (from coal-tar), similarly treated, yield ben- 

zene, together with some of its homologues and other hydrocarbons. — 6, Ci s names e 
or styrol, C®H®, passed through a red-hot tube is partly resolved into benzene and acelq^ ^ 
lene, (C*H* + C*H*). The same hydrocarbon heat^ in a ^led tube fll^ wi&t " 
hydrogen is resolved into benzene and ethylene : 

c®H* + H* - c®H* 4- cm*, ,4 

c. Biphenyl, C*®H**, heated in a tube filled with hydrogen is partly oonverted into/ 
benzene and chrysene, the latter probably resulting polymerisation of 

previously formed phenylene, : 

« (>H* 4^ cm*. ^ 

* 11isierm8m««wwlII toiiMdtodau>lsttopareMmoirtMmCrB* | ii^ 
eUl product, cgntefatng also the higher hamoiogmser bsnzeiii, 

• 3 
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C A mixture of diphenyl-vapour and ethylene passed through a red-hot tube is 
partly resolved into benzene and cinnamene : 

+ C*H*. 

r). A mixture of chrysene-vapour and ethylene yields, under the same circum- 
stances, benzene and anthracene, with a small quantity of naphthalene : 

C»H‘* + cm* - (anthracene). 

C>®H» -H 2C*H® = 2C«H« + C‘®H® (naphthalene). 

0. Ethylene and anthracene also yield benzene and naphthalene: 

CUHi» + =* C«H« + 

1, Chrysene heated with hydrogen yields benzene and diphenyl: 

+ 2H* - C«H:® + C'2H‘®. 

2. From Menhaden oil (obtained from Alosa Menhaden ^ ^ kind of herring), 
which is resolved by the diy distillation of its lime-soap into benzene and its homo- 
logues, together with a number of hydrocarbons of the marsh-gas series (Warren and 
Storer, TAiUchr.f. Chem. [2] iv. 229). 

3. From chi 0 robe nzol, C^H*Cl*, and from benzoic trichloride, C'H®Cl* « 
C®H*(CC1*), by heating with soda-lime (Limpricht, Ann. Ch. Pharm. dxxix. 303 ; 
Jakresb, 1866, 693, 696) : 

C^H®CP + H®0 - C®H® + CO + 2HC1 
and > 

C’H»C1> + 2H*0 = C*H« + CO* + 3HC1. 

4. From diazobenzene, by heating its nitrate or sulphate with alcohol, or the 
latter with alcoholic potash, aldehyde and other products being formed at the same 
time (Oriess ; vide iv. 432) : 

C®H^N» + C*H®0 « C®H® + C^H^O. 

6. From bromobenzoic acid by distillation with lime (A. Riche, Jahresh. 1861, 
p. 616). 

6. From cinnamic acid by distillation with a large excess of lime or barjda (D. 
Howard, Chem. Soc, J. xiii. 135). — 7. From trimesic acid, C*H®0®, by^neating 
strongly with excess of lime : C*H®0® = C®H® + SCO* (Fittig a. Furtonbach, ^tschr, 
f. Chem. [2] iv. 4). 

Purification of Commercial Benzol. — When 1 vol. rectified coal-tar naptha, contain- 
ing about 60 p. c. benzene, is mixed with 6 vol. strong sulphuric acid previously 
diluted with 1 vol. water, and the mixture is heated in a still, the hydrocarbons of 
higher boiling point dissolve for the most part in the acid, while the benzene remains 
unattackod. If lumps of pumice-stone are moistened with the acid, its action becomes 
more decided (Church, Phil. Mag. [4] xxi. 176), 

E. Kx^pp {monUeur ecientifque, vi, 329) recommends for the purification of benzol, 
for conviirsion into nitrobenzol, aniline, &c., to cool it in Carre’s refrigerator to — 15°, 
press the resulting crystalline mass quickly, fuse it, and again subject it to the same 
treatment. 

Berthelot (Bull. Soc, Chim. [2] vi. 289) enumerates the following properties of 
benzene as readily afvailable for its separation from mixtures of hydro^airbons of which 
it forms only a small fraction : o. Its unaltorability when heated in sealed tubes to 
200° -400° (cinnamene, torebonthene, &c., pass under those circumstahces into poly- 
meric modifications of high boiling point). — Indifference towards iodine, satturated 
isolations of hydriodic and hydrochloric acids, and concentrated sulphuric acid, and its 
"^comparative indifference towards bromine. 

Jhnsity , — Louguinine (Ann. Ch. Phye, [4] xi. 466) has given the following table of 
the densities and volumes of benzene at various temperatures : 


Tsmperaturet 

DenBities 

■Volumes 


Temperatures 

DcuRities 

Volnir.ee 

0° 

0-8996 

1*0000 



0*8612 

1*0667 

6 

0*8939 

1*0063 


60 

0-8468 

1*0622 

10 

0*8887 

1*0122 


66 

0-8402 

1*0706 

16 

0*8838 

1*0183 


00, 

0*8349 

1*0774 

20 

0*8780 

1-0246 


P • 

0 8293 

1*0846 

26 

0*8726 

10308 


704' 

0 8238 

1*0919 

SO 

0-8673 

i-QSTl 


76'-.^. 

0-8181 

1*0996 

46 

0*8620 ^ 



80 

0*8129 . 

1*1066 
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Decojupositiems . — 1. Beneen® may be heated in a close vessel to 200°, 800°, or 400° 
inthout alteration ; but when 2 >a 8 sed through a porcelain tube heated to bright red- 
ness, it is partly decomposed, yielding hydrogen gas containing a little acetylene, 
and a liquid pr^uct separable by fractional distillation into: (1) Diphenyl, 

» 2(^H‘ — H*, distilling between 250° and 300°. — (2) Chrysene, 8C®H* 

— 311*. distilling above 860°. — (3) Benzerythrene, which distils at a dull red 
heat and solidifies into an oraAge-red resin of the consistence of colophony. — (4) A 
substance called by Berthelot bi turn one, which remains in tlie retort at a dull red 
heat, as a blaclcish liqxiid, solidifying as it cools ; it dissolves slightly in ether, form- 
ing a fluorescent liquid, which loaves on evaporation r film having a metallic lustre 
(Berthelot, Hull. Sm. Chim. [2] vi. 27*2, 279; Jahresh. 1866, p. 541). 

2. Benzene heated in a glass tube over mercury with acetylene absorbs it, forming ; 
(1) A small quantity of cinnamene, C^H* « C*J1® + C'-'H*. — (2) A solid hydro- 
carbon, which, after the excess of benzene has been evaporated, remains in the form 
of slender needles, volatilising with difficulty. — (3) Tarry products. 

8. A mixture of benzene s.ndi ethylene passed through a rod-hot tube yields: (1) 
(’i nnamene in considomble quantity at a red heat, and as chief product at a white 
heat. — (2) Naphthalene, the chief product at a red heat. — (3) Acenaphthene 
(p. 3), formed chiefly at a white heat. — (4) Anthracene mixed with a liquid 
hydrocarbon. The formation of cinnamene, naphlhaleiie, and anthracene is represented 
by the equations 

C®H* « c*n» + H«. 

* GinUaniene. 

+ 2C=‘U« = C‘®n“ + 3H*. 

Naphtlialeno. 

20H* + ^ 311*. 

Kaphtiialone. 

4. Benzene and marsh gas dv> not act on one another under the same conditions as 
l)6nzene and ethylene ; but when they are bnrnght together in the nascent state, as 
when a mixture of benzoate and acetate of sodium is subjected to dry distillation, 
they react so as to form toluene or methyl-bonzone : 

cm* + CH* » C‘II*.CIP + H*. 

5. A mixture of benzene and cinnamene vai>(3ur passed through a rod-hot tube 
yields anthracene, together with small quantities of naphthalene and ahydrocarbou 
resembling diphenyl : 

c»n* + OH* + 2n*. 

dunamene. Benzene. Anthracene. 


6 , Benzene vapour and naphthalcTie vapour at a white heat yield anthracene: 

+ 30H® - + 3H* . .. 

(Berthelot, Bull. Soc. Chim. [2] vii. 113, 274 ; Jakresh. 1866, p. 544). 

7. Benzene oxidised by a mixture of manganese dioxide and sulphuric acid, is coo* 
vi-rt^l into formic, carbonic, benzoic, and phthalio acids (Carius, Zeiischr,/, Chem. iv. 
50o) ; 

OH® + H.CO*H + 0 H’O 

Benzene. Formio 


and 


acid. 


OIP.CO*II 
Benzoic acid. 


+ O » H*0 + 


OH<(CO*H)» 
Phthalic 
acid. 


OH‘.CO»H + H.CO*H 

Benzoic Formio 

acid. aetd. «v*»4. 

It is not attacked by potassium dichromate and sulphuric acid even after prolooff^ 
boiling (Church, PhU. Mag. [4] xxi, 176). * 

8 . When IM to 120 drops of beosene are taken Into the stomach of men or dogiL 
to contain phenol (Bchultzen a, Naunyn, Owm. Centr. 
treated with potaesium chlorate and nitric acid (ap. gr, 1*4) ^ 
on a large quantity of gas, aii<|yi©lds a brownish oil which decomposes oB 
yielding the compound C'*H»*|||^ or ( 

almond oil.— 10. Heated^-some time yritli 
^p^rte benzene yields phenyl 4Ddide, 

•^Uunce (H. Peltzer, Ann. <91. Pkdrm. " 
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In sealed tubes with sulphurio cMoHde, is completely decomposed, yielding 

monochlorobenzene, nydrochloric acid, and sulphurons oi^e: 

C)*H* + SO«Cl» « C«H»Cl + HCa 80* 

(Dubois, 2kiiochr,f. Chem. [2] ii. 706). ^ 

With Btihhuric cMorhydrate^ SO*. HO. Cl, benzene^ ^elds sulphobenzide, 
together with smaller quantities of sulphobenzoic acid and sufphpbcnzoio 
chloride: 

2C*H‘ + SO*. HO. Cl « C**H’«SO* + H*0 + HCl. 

Sulphobenzide. 

C*H« + SO*. HO. Cl - C«H*.SO*OH + HCl. 

Sulphobenzoic 

acid. 

C*H* + SO*. HO. Cl « C*H*S0*C1 + H*0 

. Sulphobenzoic 
chloride. 

(Knapp, ZdtBchr.f. Chem. [2] y. 41). 

12. Benzene is not attacked by alkalis or by phosphorus pentachloride. — 13. 
According to Lauth {Bull. 8oc, Cnim. [2] iv. 3), sodium attacks it with evolution of 
hydrogen and formation of a solid substance which encrusts the excess of sodium ; but 
according to Berthelot, pure benzene is not attacked by sodium. 

14. Benzene in the state of vapour unites with carbonyl chloride^ forming benzoyl 
chloride (Harnitz-Hamitzky, Ann. Ch. Pharm. cxi. 192): 

C*H* + COCl* « HCl + C*H».C0.C1. 

According to Berthelot, however {Deut. Chem. GessUsoh. 1869, p. 288 j Zeitsckr. f. 
Chem. [2] V. 480), pure carbonyl chloride does not act upon benzene (or upon ethylene 
or acetylene) either at ordinary or at higher temperatures ; and when benzene is treated 
with ordinary phosgene gas (a mixture of carbonyl chloride with free chlorine )t 
no benzoyl chloride is produced, the only action which takes place being due to the fsia 
chlorine. 

On the other hand, Schiitzenberger finds {ZAischr. f. Chem. [2] v. 631) that when 
benzene is acted upon by a mixture of sulphuric anhydride and carbon tetrachloride, 
which yields carbonyl chloride, (280* + CCB «• S*0*C1* + COCl*), and the product 
is heated with water, a considerable quantity of benzoic acid is obtained, together with 
hydrochloric acid, sulphobenzide, and benzene-sulphuric acid. 

16. Benzene unites directly with 3 molecules of hypochlorous acid^ forming the 
trichlarhydrin of phenose,(^®'^|^, (Carius, Ann, Ck, Pharm. cxxvi. 323). 
See Fhbnosb. 

16. Benzene agitated with aqueo^# chlorous cuAd is converted into trichloro* 
phenomalic acid, C*H’C1*0* : 

C*H* + SHClO* - C*H’CI»0» + H*0, 

monochlorobonzene and dichloroquinone being formed at the same^time (Carius, Ann. 
Ch. Pharm. cxlii. 129 ; Jahresb. 1866, p, 669). These last two products are formed in 
larger quantity -when gaseous chlorous anhydride is made to act on dry benzene, 
40*H* + 3C1*0* - 2C*H*Cl + 2C*H*CPO* + 6H*0 (Carius, Ann,. Ch. Pharm. cxWW. 
315; Bull. 8oc. Chim. [2] x. 49). 

17. The method given by Hoftnann 642) for detecting the presence of benzene in 

a mixture of volatile oils has been modified as follows by Berthelot {B\dl. Soc. Chim. 
[2] vi. 292), with the view of increasing its delicacy. A few drops of the liquid to be 
tested are mixed in a cooled tube with 4 times their volume of fuming nitric acid, and 
the mixture, after bein^ bri^ly agitated and left to itself for a quarter of an hour, is 
mixed with ten times its bulk of water, which throws down drops of nitrobenzene. 
The whole is then agitated with an equal volume of common ether, which takes up the 
whole of the nitrol^nzene. The ethereal solution is decanted, filtered, and rapidly 
distilled in a small retort to expel the ether. The drop of nitrobenzene remaining 
in tKh retort is thmi treated with 1 to 2 cubic centimetres of acetic acid and a particle 
of iron-filings, and distilled over a veiw small fiame. Ae soon as the liquid in the 
retoiHt evaj^rated, 2 or 3 cub. cent, of water are added, the distillation is 

repeai ^B M^^ the (ustillatM are mixed together. The liquid thus obtained is ready 
tA^'bji^ S ed for aniline with chloride of lime. Sometimes, however, the presence of 

interferes with the reaction. In that case a small piece of slalw lime is 
addod^hipl the filtered li^Yti4 ^ pla<^ In n porcelain capsule and treated with a dilute 
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aqtieatui solution of chloride of lime» By proceeding in this manner benzene may be 
detected in a cubic centimetre of a mixture containing not more than 2 per cent, of it. 

18. With chlorine and hronUney benzene forme additive or eubatitution-products, 
according to the circumstancee of the reaction. In sunshine additive compounds for 
the most are obtained.; but in diffused daylight only aubetitutiou'products are 
formed. Kespecting the li&ptitution of the additive compounds, see AnoMaxio Sebibs 
(p. 196). . 

Bromikatbd Dbbivxtivbs of Bbnzbxcb. 

The heshr<m\de C*H*Br*, produced by the action of bromine on benzene in sun- 
shine, is described in vol. i, p. 643, under the name of hydrobromaie of trihromo- 
benzene, C*H>Br* . SHBr. 

BCdaobromnlieBxniie. Described at vol. i. p. 642, and iv. 414. — Griess 

iuvs shown that it is produced in the decomposition of diazol)enzen6 plati nobromide by 
caustic soda, according to the ^nation 2(C*HW.HBr).PtBr* *= 2C'‘H'‘Br + Pt + 
2Br* + 2N* ; also by heating diazobenzeno-perbromide with sodium carbonate, or by 
warming its alcoholic solution, C*n^N*.HBr* »=» C*H*Br + N* + Br* (see iv. 33n. 
Heated for several days with ethyl chlorocarhonatc and eodium amalgam^ it yielus 
ethyl benzoate (Wurtz, Zeitschr.f Chem, [2] iv. 385); 

C*H‘Br + Cojgj*^* + Ntt’ - NaCl + NaBr + C*H‘. CO»(C»H*). 

lMl>romo1>aiiaeney C*H^Br* (i. 543 ; iv. 414), may bo obtained, together with 
the tetrabrominated comptjund, by distilling monobromopbenol with phosphorus 
j>e!itabromide ; C*H‘BrO + PBr* =» C«H‘Br* + HBr + POBr* (A. Mayer, Ann. Ch. 
Pharm. cxxxvii. 210). According to Frie<lel (BuU. Soc. Chim. [2] xi. 38), the crystals 
(obtained by Cou^r) are oblique rhomboidal prisms, isomorphous with those of 
dichlorobenzeno. F. Riese {Berlin. Chem. GesdUck. 1869, p. 60) in preparing ordinary 
(a) dibromobenzeno, obtained a small quanti^ of a liquid modification (iS). This 
modification solidifies below 0^, melts at — 1®, and boils without decomposition at 
214°, whereas J»-dibromobenzene molts at 89®, and boils at 219°, By solution in 
fuming nitric acid and precipitation with water, a i3-nitrodibromobonzene is obtained, 
which foinis ne^les melting at 68° (a-nitrodibromobenzene melts at 84°). Sodium act# 
slowly on a-dibromobenzone, producing brominated compounds, diphenyl, and a 
hydrocarbon boiling above 360° but below the boiling point of sulphur. 

Tribromobes&Bene, C‘H*Br*, is obtained : («) By treating the hexbromido 
C*ll«Br« with boiling alcoholic potash (i. 643).*~(/5) By treating dibromobenzeno 
with bromine. — (y) By the action of phosphorus pentabromitle on dibromophenol 
(^yer). It ciystallises in tufts of white shining needles ; sublimes at alx)nt 60° in 
highly lustrous needles ; melts at 44°, and distils between 286° and 280°, the greater 
pikrt passing over at 275°. It is soluble in alcohol and ether. By strong nilnc acid 
It is convert^ into mononitro-tribromobenzene, and by a hot mixture of nitric and 
sulphuric acids into dinitro-tribromobonzene (Mayer). 

Tetrmbromo^aseae, C^IPBr*, exists in two modifications, one of which, 
obtained by heating the preceding compound with bromine, has been already described 
(iv. 416); it melts at 160° (Riche a. IWrard); at 187°-140° (KokuU,^»n. Ch. Pharm. 
J'***T"' other modification is obtained by the action of phosphorus penta- 

tribromophenol. It foimiB shining needles melting at 96° (Kfimer) ; at 
“8 (Mayer); and, like the preceding, yields a crystallised nitro-dorivative, 

»eiitabraiMbenMae« C*HBr*, is produced in small quantity, together with 
eirsbrom^nron^ by heating nitrobenzene or dinitrobenzen© with bromine to 250°. 
t ciystallises in silky needles fusible and volatile without decomposition ; its melting 
poin is above 240°. Nearly soluble in cold, slightly soluble in boiling alcohol; 
uiBsolvcs easily in benzene or in a mixture of benzene and alcohol. 


Chlorikatbd Dbrivatitbs of Bbkzbkx. 

L Additive Comjxmnde. 

deMribed at p. 84*. rol. i., s« 
produced by the action of chlorine in su 
of the .olar »j«. Aceoiding to BerUiolot, the .v 

^TJTOltoe body affonle a toet of the parity of the bencene, ae with mtpi 
tne oyatale are not prodoced. Accordiiig to Leeimple (SuU. the. Chim. [I 
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the compound is easily obtained by passing chlorine into the vapour of beiM»n« 
[in sunshine?]. 

Ctilofidea of Olilorlnated Bensenea. These compounds are produced by the 
action of chlorine in sunshine on monochlorobenzene and on sulphobenzide. 

a. When monochlorobenzene is introduced into a flask of colourless glass filled 
with dry chlorine and exposed to the sun’s rays» the ftask becomes hot and filled with 
white vapours, and the chlorine is rapidly absorbed. If the chlorobenzene is in excess, 
the gas disappears completely, and a thick oil is produced ; but if the chlorine is in 
excess, hydrochloric acid is formed, and a crystalline body makes its appearance, 
together witli the oil- In the former case the product consists of a mixture of the 
four compounds 

CH^Cl.Cl*. C^H^Cl.Cl*, C^H^Cl.Cl*, C«H»CLC1®; 

in the latter, of these same compounds, together with others formed from them by 
replacomont of 1 at. hydrogen with chlorine, namely, C‘‘(H‘C1)C1,C1*, &c. The 
oil drained from the crystals is partly decomposed by distillation into hydrochloric 
acid and chlorinated benzenes: e.g. C®II*C1. Cl“ into HCl and C®H^C1*. The 
same docompisition is completely effected by heating with alcoholic potash. The 
resulting alcoholic solution mixed with water dep>8its a heavy oil mixed with crystals ; 
aud on washing this oil with water, drying it, and submitting it to repeated fractional 
distillation, there are obtained (besides a large quantity of unattacked, monochloro- 
benzene passing over at' 140“^): dichloroi>enzene ^ (WatWWu^ Kt about 176°; trichloro- 
b(‘?hzene, fit 210°; ieirachlorobetizetie, at 246^ ; pcntacklorobenzene^ iit 275° ; and at a 
higher temperature a mixture of the hitter with hexchlorobenzene (Jungfleisch, Bull. 

Chim. [2] ix. 346 ; Zeitschr. f. Ckcm. [2] iv. 484). 

The crystals obtained as above described when the chlorine is in excess consist 
chiefly of dicKlorobonzene hexchloride, C*iI*Cl® = C*'H''CP. Cl* ; and by 
separating them from the oily product, washing them with cold alcohol, and recrystal- 
lising several times from chloroform, this compound is obtained in colourless, well- 
defined, oblique rhomboidal prisms. Heated with alcoholic potash, it yields potassium 
chloride and pentachlorobenzeno, mejting at 74°, and identical with that which is 
produced by direct substitution (p. 266). 

When sulphobenzido is exposed to the action of dry chlorine in sunshine, a thick 
yellowish oil is formed, and by prolon^d action, also a crystalline body, which covers 
the sides of the retort and receiver, oil is a mixture of chlorinated compounds, 
containing a portion of the crystalline compound in solution, and when decompjsed 
by alcoholic potash yields a mixtare of chloriaatod benzenes, chiefly C*H*CP and 
C®HCl*. The crystalline body, after separation from the oil by filtration through 
asbestos, washing with ether, pressing, and recrystallisation from boiling absolute 
alcohol, forms small quadratic prisms, having a vitreous lustre, melting between 265° 
and 267'^, sublimable without decomposition, insoluble in water, slightly soluble in 
cold alcohol and ether, very soluble in hot alcohol. Alcoholic potash decomposes 
them, vitli formation of potassium chloride. Tno analysis of these crystals leads to 
the formula C*H‘CP, which is that of monochlorobenzene-hexchloride, 
C®H*G1.C1* (Otto a. Ostrop, Ann, (Jh. P^rtrm. cxli. 106; Jahresh. 1866, p. 673). 
Jxingfleisch, on the other hand, regards them as identical with dichlurobenzene 
liexclilorido, C''H*Cr^ . Cl®, and this view has been confirmed by sub8e<iuent experiments 
of Otto (ZcilacJir. J\ Ckcm. [2] vi. 36). When heated with potiish they are converted 
into poutiichlor(d>«uzone, melting at 86° : C*H*CP .C1“ «= 3HC1 + C*1IC1^ (Otto). 

II. Substitution-products. Chlorobenzenes. 

There are two general methods of preparing these compounds: a. By passing 
chlorine into benzene containing iodine (Hugo Muller, iv. 414: Jungfleisch, Ann. Ch. 
Fkps. [4] XV. 186-329 ; Jahresh. 1867, pp. 312-366). — /5. By heating the additive 
compounds above described with alcoholic potash (Jungfleisch, Ann. Ch. Phys. [4] xv. 
291 ; Jahresh. 1867, p. 855). The mornx;hlorinat^ c»>mpound is the same, whether 
obtained by the one or the other process ; but, according to Jungfleisch, the di-, tri-, 
tetra-, and pentachlorohonzenes obtained by the second process are not identical, 
but only isomeric, with those obtained by direct substitution. The existence of 
two isomeric modifications of the di-, tri-, and tetm-chlorinated compounds is easily 
explained on KekulPs view of the constitution of benzene, by the aifferent relative 
positions of the chlorine-atoms ; they are, in fact, susceptible of three such modifica- 
tions ; th^ existence of two pentachlorobenzenes, if established, requires that 
theory to be modified in the manner suggested by Stadeler. (See Abomatic Sebib8» 
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Leaimple {ZeiUchr. f. Chem, [2] iv. 285) recommends dry antimony trichloride as 
the beat rehicle of chlorine for the preparation of these compounds ; it dissolves 
easily in bensene with aid of heat, aud may afterwards bo completely removed by 
hydrochloric acid. 

MoBoolilorobeaBeiie. C*H^L — I. In preparing this compound by passing 
chlorine into benzene containing iodine (iv. 414), Jungfleisch finds it advan^eous tx) 
distil the liquid from time to time, in order to withdraw the portion boiling above 
130^ from the further action of the chlorine. Tlie crude chlorobenzene (also con- 
taining iodobenzene) is purified by alternate agitation with potassium hydriite and 
exposure for several divys to sunshine, and finally by fnietional distillation. — 2. The 
SiUiic compound is obtained l>y the action of phosphorus penlachloride on phenol 
(iv. 414); see also Glutz.(.dw». Ch. Phnrm. cxliii. 181; Jakresh, 1867, p. 607). — 

3. Together with chloride of sulplndxmzene, by the action of chhirino in diffused 
daylight at 120^-130°, or of phi>sphoru8 penUiohloride, on sulpjiobonzide (Otto, 
Amt. Ch, Pharm. cxxxvi. lo4 ; OtU) a. Ostrop, ibid. cxli. 93) : 

(c-H^)*8o» + Cl* * c«ipci + cnpso*ci 

Sulphobenzide, ClilorolMiii- Suliihoben7,one 

zene. chloride. 

(C‘n‘)='SO* + PCI" * c'li^ci + c‘iPso*ci + pci*. 

AVhen chlorine acta on sulphobcnzide in direct snnsliino, part of the chlorobonzono 
produced takes up 2 at. chlorine, forming the cfystallino compound abox'o described. — 

4. lly boating diazobonzeno-platinochlorido with sodium carbonate (Grioss, iv. 432).— 
6. Hy the action of chlorous anhydride on benzene (Carius, p. 262). 

ISIonochlorohenzene (prepared by 1) boils at 138®, is indifferent \jo alcoholic 
jxUa.sh, and is not attacked by zinc or tin, even at 140®; with an alloy of tin and 
Btuliurii it yields a white pulverulent body, soluble in alcohol, and converted by nitric 
acid into nitrobenzene and stannic oxide (JungHoisch). According to Sokoloff 
{Juhrtsfi. 1865, p. 617 ; 1866, p. 651), the action of phosphorus pcnOichlorido on 
jdieuol yields a compound (phenyl chloride) differing in Its properties from the 
luouochlorobcnzeno obtained by the action of iodine chloride on benzene; thus 
phenyl cliloride has a sp. gr, of 11 199 at 0® and 1’092 at 30®, and boils at 130® 
(bar. at 0 767 met.), whcTOiis chlorobenzene has a sp. gr. of 1409 at 0® and PUBS at 
30®, and boils at 132 o®. M<>ro<»ver, nitric acid acts more rapidly on the former than 
on the latter, tlnmgh the products of the reaetjoft. sJro the same in both cases. These 
diffcnrnces are, however, not of sufficient mtighftnde warrant the conclusion that 
the monoclilorobonzones produced by the two processes are merely isomeric and not 
identical. 

Moinxrlilor<jbonzene treated with sulphuric anhydride is converted into dichloro- 
sulpliobouzide and snlphochlorobenzolic acid : 

3C*H*C1 + 2SO' - + C*H>C1S0* + H»0 

Chloroben- Diehl oro- Sulphochlorobcn- 

sene. tulpbobenaltlo. zolic acid. 

(Otto, Ann. Ch. Pharm. cxiv. 28), 

By the gradual action of a mixture of manganese dioxide and dilute sulphuric acid, 
chlorobenzene is converted into parachlorobenzoic acid, in the same manner as 
l>enzene into benzoic acid (p. 261) : 

C*H*Br + CH»0* + O - H*0 + C‘H^C1.C0*U 
(Carius, Zcitackr, f. Chem. [2] iv. 605; C. Muller, ilnd. v. 137). 

X^iolilorobenMiie. C*H*C1* (H. Muller, Zeitschr, f, Chem. 1864, p. 401 ; 
Jungfleisch, loc. cit.). — This compound is prepared by passing chlorine into a wilution 
of uxline in benzene, till the liquid partly solidifies in the crystalline state on cording, 
again subjecting the liquid drained from the crystfils to the action of chlorine. 
The cn’stals are washed with a cold-saturated alcoholic solution of dichlorobenzene, 
then decolorised by washing with alkaline waUr, and finally crystallised from alcohol 
or ether. It forms, especially after very slow evaporation of the ethereal solution* 
prisms, which melt at 63® an(f boil at 171® (Jungfleisch) ; 172® 
(Muller). According to Muller, it sublimes in closed vessels, even at ordinary 
tempeniturM, in large four-sided prisms. Sp. gr, 1 46 at 20®. Insrduble in water, 
easily soluble in alcohol and ether, not decomposed by sulphuric acid or aleoholie 
pot^h. With fuming nitric acid it forms two nitro-compounds, one of fonns 

aistmct crystals. In ethereal solution it is decomposed by sodinm Of 
amalgam, without evolution of gas. The dicblorobenzene which Qrioss obtilm jb^ 
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icomposition of the platinum salt of diazochlorobenzene (iv. 416) appears to be 
entical with that just described. Another modification, melting below 0^, and 
stilling at 176®, i» formed, together with other products, by the action of alcoholic 
:)tash on the oily pr<xluct of the action of chlorine on monochlorobenzene in 
mshine, apparently by abstraction of HCl from the compound C*H*Cl . Cl* ( Jung- 
eiach). 

Trloblorobenxeney C“H*C1*, is known in two modifications, one being that which 
litscherlich obtained (i. 643) by decomposing the compound C<*H*C1« with alcoholic 
otash. According to Jungfieisch, the same modification is formed by the action of 
Kline chloride on benzene, and may be separated from the other products of this 
saction by submitting the liquid drained from the crystals of dichlorobenzene to 
pactional distillation, collecting the portion which boils above 216®, and freeing it 
rom the more easily crystallisablo products by cooling. The triehlorobenzene thus 
btained melts at 16® or 17®, and boils at 206®, whereas Mitseherlich’s product 
emjiined liquid below 0® and boiled at 210®. Nevertheless, Jungfieisch regards his 
roduct as identical with Mitacherlich’s, since the nitro-compounds obttiined from the 
wo are identical in every respect ; he attributes the different physical properties of 
ditscherlich’s compound to impurities, inasmuch as, in the action of potash on the 
lompound C'*H*'C1*, other compounds, especially chlorinated phenols, are simultaneously 
jroducod. The same modification of triehlorobenzene is found among the products 
)btaiued by decomposing with alcoholic potash the oily product of the action of 
ihloriue on monochlorobonzene, together with another, which is crystalline at ordinary 
temperatures, and melts at 60® (Jungfieisch). 

Tetraohlorobonxene. C^II'-'Cl*. — Of this compound also two modifications aro 
known, both crystalline at ordinary temperatures. One of them is obtained by tho 
action of chlorine on benzene containing iodine, and separates on cooling from tho 
fraction of tho distillate boiling above 220®, For purification it is washed with 
potash, crj’stfiUisod from alcohol, subjected to fractional distillation, to free it from 
the pentachlorinated compound, and finally recrystallised. It forms long, white, 
silky crystals, melting at 139®, and boiling witliout decomposition at 240®. Insoluble 
in water, easily soluble in hot alcohol and in ether, not decomposed by sulphuric acid, 
but convertible by fuming nitric acid into a crystalline nitro-com pound (Jungfieisch). 
This modification is also obtained, as a secondary product, in tho preparation of 
triehlor<jbenzyl trichloride, C®H*C1* . CCl*, from trichlorotoluone, C*H*C1* . CH* (Boil- 
stein a. Kuhlberg, Zeiischr. f, Chem. |2] v. 629). The other mo<iification is obtained 
in considerable quantity by the action of alcoholic potash on tho oil obtained by tho 
action of chlorine on monochlorobenzeno (p. 261) ; it passes over nearly pure between 
245® and 250®, and is easily rendered quite pure by a few recrystallisations from 
alt^ohol (Jungfieisch). The same modification is obtained (together with other 
chlorobenzenes) by tho action of alcoholic ^>tash on the yellow oil which is formed, 
together with hexchloride of monochlorobonzene (p. 263), by the action of chlorine on 
8ulplu)benzido. Tho tetrachlorobenzone is contained in the portion. of the product 
which on fractional distillation passes over between 260® and 260® (Otto a. Ostrop), 
This modification crystallises in long, colourless nacreous needles ; melts at 36® ; 
boils at 253® ; dissolves easily in boiling, less easily in cold alcohol ; is soluble ftlso in 
ether, benzene, chloroform, and cjirbon bisulphide. Antimonic chloride converts it 
into hexchlopobcnzcne (Jungfieisch). 

IPaataotklorobenBone, C*HC1*, is contained in that portion of the liquid produced 
by the action of iodine chloride on benzene, which distils at about 275® ; it crystallises 
easily in stellate groups of needles, melting at 74®, and boiling at 272® (Jungfieisch), 
Tho same compound, in two modifications, constitutes that portion of the product of 
the action of alcoholic potash on the oil obtained by treating monochlorobenzene 
with chlorine (p. 263), which passes over at about 27C®, and in larger quantity 
than any of the other distillates. The crystalline mass thus obtained may be 
separated into tho two raoclifications of pentachlorobenzene by fusing it and treating 
it with boiling alcohol, which dissolves the modification aboA^e described, and leaves 
the other in the form of powder. The first modification may be obtained perfectly 
pure by recrystjAllisation from alcohol, and the second from a mixture of alcohol and 
benzene. The latter crystallises in very slender silky crystals, nearly insoluble in 
alcohol and in ether, soluble in benzene and in chloroform. The crystals melt at 
176®, if brought directly into a bath heated to this temperature, but after solidification 
they do not fuse below 198®; they melt also at nearly the same temperature if 
the hq^t of the bath be slowly raisea (Jungfieisch, Jakresb, 1868, p. 367). The same 
modification is found among the products of the action of alcoholic potash on the oil 
^tained by treating sulphobenzide with chlorine (Otto a. Ostrop ; see farther, Otto, 

- rm ^ 264. also Aaoilstic SsRiiss (p. 194), 
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According to Boilstein a. Kiihlborg (ZaUscir, f, Chen. [2] y. 629)* tho flnt 
modification is likewise obtained, in an impure state, by passing chlonne into 
tetrachlorobensyl chloride. C«HC1*. CH^Cl, at the boiling heat. Both modifications 
are conrerted by antimonic chloride into hexchlorobenzene. 

ttexotklorohanxene. C*C1*, is obtained: 1. By pouring benzene on antimonic 
chloride and passing chlorine into the liquid as long as it is absorbed. The antimony 
chloride is then removed by hydrochloric acid, and the hoxchlorobenzene is purified by 
crystallisation or sublimation (H. Muller, Zeiischr. Ch. Pkarm. 1864, p. 40). — 2. It is 
present in small quantity amongst the highest products of the action of alcoholic 
potash on the oil resulting from the action of chlorine on monochlorobonzene (Jung- 
fleisch, p. 263). — 3, By the action of phosphorus pentacliloride on tetrachloroquinone, 
tot rachlorhydroqui none, and trichloroquinono : 

OCl^O^ + 2PCI* - C*C1« + 2POC1* + Cl* 

TetrachloroquI none . 

C*II*CPO* + 2PC1‘ * C*CP + 2POCl> + 2HCI 

TetrachlorbyU r oqninone. 

C*HCPO* + 2PCP = C*CP + 2POCI* + HCl ; 

Trichloro<iuinone. 

also, together with pentachlorobonzeno, by the action of phosphorus pontachlorido on 
triclilorhydroquinone ((\ G raobe, Ch. Phar^nt, cxlvi. 1 ; Jahrei^h. 1867, p. 661). — 
4. Acconiing to Beilstein a. Kuhlberg {Zdtschr.f. Chcm. [2] v. 183), it is the ultimate 
prtKluet of the action of antimonic chloride, SbCP, on all chloroWluenes and chloro- 
xyloncs. It crystallises in fine silky prismatic needles of a dazzling whiteness ; molts 
at 220° ; begins to sublime at a lower tomperuturo ; is insoluble in water, slightly 
soluble in cold alcxihol, easily in boiling alcohol, ether, and benzene ; is with difficulty 
attacked by potash, not at all by nitric acid (Miillor). It is identical with Julin’s 
chloride of carbon produced by the decomposition of chloroform vapour at a bright 
ro<l heat. According to Bertholot a. Jungfleisch {ZeitBchr,/, Chcm. [2] iv. 666), hex- 
chlorobenzene melts at 226® and boils at 326° (corr.) ; Julin’s chloride of carbon molts 
at 226° and boils at 331° (corr.). Both dissolve to very nearly the same extent in 
carbon bisulphide at corresponding temperatures. Moreover, the vapour-density of 
the compound prepared from chloroform was found by Bassett {Chem. Soo, J. [2J v. 
243) to be 10 06, and the density calculated for the formula C*C1* is 9'87. 

lODOBENZBNBS. 

BSono-lodobenBene, originally obtained by the action of iodine and 

phosphorus on phenol (Scrugham, iv. 416), is likewise produced; a. In the decomposi- 
tion (if iodine-benzoate, or in the action of iodine chloride on sodium benzoate 
(Schutzenbergor, Compt. vend. lii. 963). See Bknzoatks. — 3. By heating benzene fwp 
some time with iodic acid, or with potassium iodate and sulphuric acid (Peltzer, Ann. 
Ch. Pharm. cxxxv. 194). — y. By the action of hydriodic acid on diazobenzene : 
C*U*N* + HI « C*H*I + N* (Oriess). — 3. By the action of iodine and iodic acid on 
benzene. A mixture of 20 grms. benzene, 16 gnus, iodine, and 10 ^ms. iodic acid is 
heated in se}ile<l tubes to 200°-240°, the tubes being opened from time to time to give 
vent to carbon dioxide resultinj^ from a secondary action. The product is distilled, 
either immediately or after waamng with water and alkali, the mono-iodohenzene then 
passing over l>etw'een 180° and 190°, while di-, and sometimes also tri-iodobenzone 
remains behind (Kekul^, Ann, Ch, Pharm. cxxxvii. 167). 

Mono-i<^obenzene, when purified by repeated rectification, is a colourless liquid, 
inmduble in water, smelling like benzene and phenol. It does not solidify at — 18° ; 
boils at 186° ; has a sp. gr. of I 69 (Schiitzenberger]) 1’833 at 16° (Kekul^). By 
sodium*ainalgam and water it is easily reconvertM into benzene, also by aqueous 
hydriodic acid at 260°. It is not decomposed by solid potassium hydrate, or by the 
alcoholic solution of potash or ammonia (KekuU). 

C*H*I*« is likewise produced in the decomposition iodine* 
lieozoate by heat ^Schfitzenberger), and by the action of iodine and iodic acid on 
mono-iodob^zene (or the crude prMoct of ite preparation). On distilling the w^hed 
product, liquid mono-iodobenzene passes over first, while the following crystallisable 
pfjition contains di- and tri-iodownzene (the former ^preatly predominating) which 
separated, though with difficulty, by crystallisation from alcohol (Kekul6). 

Di-iodobenzene forms white nacreous laminse resembling naphthalene, melting at 
122° (^), at 127° (KL). boUing at 260° (8ch.), at 277 (corr. 286°) (Kekuli), and 
suMiming at comparatively low temperatorea. 

C*H*I*, forms sir all needles, melting at 76° and sabliming 
without decomposition (Kekul^). 
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Nitbobewzbnbs, 

Mon^nltvobenstene. C*H*(NO'^). — Schilf (Jnn. Ch, Pharm. cxiv. 201) has found 
this conipouudiamongst tho products of the action of strong nitric acid on turpentine- 
oil. These products evaporated at a gentle heat, mixed with sand and distill^, yield 
a strongly acid watery liquid, and a brown oil containing nitrobenzene. 

Kitrobenzene is prepared on tho large scale, for the manufacture of aniline, by 
treating benzene, either with a mixture of sodium nitrate and sulphuric acid, or with a 
mixture of ordinary nitric acid of sp. gr. 1*3 and strong sulphiiric acid. The apparatus 
used consists of large c<ist-iron pots provided with stirrers. (See Perkin's ‘ Lectures on 
Aniline Colours,’ Journal of the Society qf Arts.) 

Jicactions. — ^Nitrobenzene is converted, by oxidation with potassium dichromate and 
sulphuric acid, into nitrophenoic acid, C®IP(NO*)0* (Church, iv. 388). 

Most of the reagents employed for the reduction of nitrobenzene to aniline are 
mentioned under Phenyi.amine (iv. 420). Tho r<Kluction may also be etfected by 
heating with carbon bisulphide to 160° (Schlagdenhauffen, J. Pharrn. [3] xxxiv. 175) ; 
by heating it to 104*^ with hydriodic acid of sp. gr. 1*44 (E. J, Mills, Jahresh, 1864, p. 
625) ; and by means of tin and hydrochloric acid, operating, however, only with small 
quantities, as tho reaction is very violent (Scheurer-Kestncr, Itcp. Ckim. app. iv. 121). 

Heated in sealed tubes with hydrobromic acid to 185°— 190®, nitrobenzene yields 
mono- and di-bromaniline. Tho reduction takes place in tho same way as with 
hydriodic acid, viz., 

C«n»NO* + 6HBr = C«IPNIP + SBr^ + 2IPO, 
the difference in tho products arising merely from tho circumstance that bromine 
exerts a substituting action upon aniline salts, whereas iodine thjos not (II. Baum- 
hauor, Zcitschr.f. (fhern. [2] v. 198). With hydrochloric acid in like manner to 245° 
it yields dichloruniline, with a small quantity of aniline (Baumhaucr, ihid. vi. 8). 

with ironfilings and hydrochloric acid nitrobenzene yields a rod colouring matter 
called ery throb onzi n (F. Laurent a. J. Castlehaz, Jahresb. 1862, p. 693). 

Nitrobenzene in alcoholic solution is reduced hy sodium-amalgam to azoxyben- 
zeno, C'“11‘®N*0, or, if the sodium-amalgam is in excess, into azobenzono, C’^^H'^N^, 
which by further action is converted into hydrazob on zene, C’-'H'^N*. Exactly tho 
same reactions are produced by zinc-dust in presence of a small quantity of potash or 
soda (Alex.eyoff, Hull. Soe, Chim, [2] i. 324; SU'Uschr. f. t'hem. [3] iii, 33). 

Nitrobenzene dissolved in dilute alcohol and boilo<l with 3 mol. ammonium sulphite 
is converted into di sulphan i lie acid, CTl^NS'^O® (Carius, Jahresb. 1861, p. 634): 
C®H®NO* + 3(NH*)*SO» = C-H'^NSW + (NH^)2SO* + U‘0 + 2NH». 

X>l-iiitro1>ensene, C®H*(NO')*, is reduced by iron and acetic acid to phenyleno- 
diamine, C'‘n"N* (Hofmann, Proc. Roy. Soc. xi. 518). A mixture of di nitrobenzene 
(1 mol.) and metallic tin (6 at.) dissolves rapidly in strong hydrochloric acid, forming 
a liquid which on evaporation deposits a douVde salt of phenylene-diamine hydro- 
chloride with stannous chloride, C*H*N‘‘*.2HCl, 2SnCl*, in needles having a silky 
lustre (H. Gerdomann, Jahresb. 1865, p. 412). 

In the reduction of nitro-com pounds by tin and hydrochlcrie acid, it is to be 
observed: (1) that tho reaction does not necessarily stop at the formation of strfnnous 
chloride, but may proceed to the formation of stannic chloride, inasmuch as many 
nitro-compounds are reduced by stannous chloride (nitrobenzene, for example, with 
violence) ; and (2) that the result depends also upon the nature of the solvent and the 
solubility therein of the nitro-compound and of any possible intormetliate product of 
reduction. Thus when di-nitrtibenzoue is treated with tin and aqueous hydrochloric 
acid, in which it is insoluble, whereas tho intermediate product of reduction (para- 
nitraniline) is soluble, then even if the nitro-compound is in excess, the final product, 
poraphenylene-diamine, is formed, chiefly or exclusively, together with stannic chloride, 
and the excess of di nitrobenzene remains unattacked, because the soluble intermediate 
product formed in the first instance is exposed to the full action of the reducing agent. 
But if an alcoholic solution of di nitrobenzene is used, and the tin added in the 
quantity required for the formation of stannic chloride, then on passing hydrochloric 
acid gas into the liquid, only paranitraniline is produced (Eekm^, Zedtschr.f. Chem. 
[2] ii. 696). 

llitrol>romobei>x<»ne». The compounds C*H*(NO®)Br and C®H*(NO*)Br* have 
been already described (iv. 416). 

Dinitrohromohenzene, C*H*(NO*)*Br, produced by heating monobromobencene 
with a jnixture of fuming nitric acid and sulphuric acid, crystallises in largo yellow 
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transparent prisms* melting at 72®, soluble in boiling aloolkil (Kekul4, Ann. Ch. 
Pkarm. cmvii. 129). 

yitroiribromobeni^en^, C*H’(NO*)Br*, obtained by treating tribromobenzene 
with fuming nitric acid, precipitating with water, and crj^stallising from hot alcohol, 
forms long yellow needles, spiringly soluble in cold, easily soluble ip hot alcohol, 
also in ether, benzene, and carbon bisulphide (A. Mayer, Ann, Ch, Pharm. cxxxvii. 219). 

Piniirotribromobensene, C*H(NO’)^Br*, is produced (togetlier with a little 
bnimopicrin) by heating the preceding compound with a mixture of fuming sulphuric 
and nitric acids. It dissolves easily in hot alcohol, ether, benzene, and carbon bisul- 
phiilo, and crystallises from the latter in yellowish scales melting at 126° (Mayer, he. 
cit.), 

Nitrotrirabromobenzene, C*H(NO*)Br^, produced by the action of fuming 
nitric acid on totiabtomobenzene, is white, crystalline, melts at 88°, sublimes in flocks, 
and dissolves sparingly in cold, more freely in hot alcohol and other (Riche a. B^rard ; 
Miiycr). 

Wltrochlorobenxenea. Niirochlorohenzene, C*IIXNO®)Cl, has been already 
described (i. 416) as a crystidline body produced by treating monochlorobenzone with 
fuming nitric acid. According to Sokoloflf {Jahresb. 1866, p. 661) and Lesimple 
(iCeitachr, f, Chetn, [2] iv. 226), an oily modification of the compound is formed at the 
same time. 

Nitrodichlorohenzcne, C*II*(N()*)C1^ produced by treating dichlorobenzene 
with fuming nitric acid, crj'stallises from alcohol in thin plates, insoluble in water, 
slightly soluble in cold alcohol, more freely in ether, benzene, and hot alcohol. MelU 
at 66°, distils witliout decomposition when strongly heated, and smells like cinnamon. 
An oily modification appears to bo formed simultaneously with this crystalline body 
(lyesimple, Zeitschr.f, Cheni. [2] iv. 226 ; see also Jungfleiseh, Bull, Soc. Chm. 121 iv. 
241). 

hitrotrichlorobfnzenc, C*H^(N0*)C1*, produce<l by the action of fuming 
nitric acid at the boiling heat ca trichlorobenzono, crystallises in colourless needles 
molting below 100°. It boils without decomposition at 273*5°, is insoluble in water, 
slightly soluble in cold alcohol, freely in boiling alcohol, ether, and benzene. Treated 
in alcoholic solution with zinc and hydrochloric acid, it is converted into trichloranilino 
(Ivt'simjple, Bull, ISoc. Ckim. [2] vi. 161). 

^itrnteirachlorobcnzene^ C*H(NO*)Cl*, is a crystallisablo compound, formed 
by heating tctrachlorobcnzono with fuming nitric acid (Jungfleiseh), or by repojvted 
treatment with a mixture of fuming nitric and sulphuric acids, and even then with 
difficulty, ('rystallises frcjm hot alcohol in needles, absolutely in8f)]uble in water, and 
very Kimringly soluble in most alcoholic solvents. Melts at 76°-78°, solidifies at 62°, 
and distils at alxmt 300° (Ijesimple),* 

Hltro-lodobensene, C*H'(NO^)I. is known in two mfslificutions : the one, pro- 
ducwl by the action of iodine monwhloride on sodium nitrobenzoate, is a ytdlow liquid 
Having fi distinct odour of bitter almonds, and boiling at about 290° (Schiitzenberger 
a. .St'genwald, Rip. Chtm. pure, 1862, p. 144). The other, prxlucod by the action of 
funnng nitric acid on monodcxlobcnzcno, crystallises in beautiful pale yellow needles, 
melting at 171°, and subliming without decomposition (KekuiA Ann, Ch. Pharm. 
cxxxrii. 129). 

Compounds pobmed bt Reduction op the Nitrobknzenbs, 

Respecting amidobenzene, C‘H*(NH*), diamidobenzene, C«H‘(NH*)’, and 
thoir derivatives, see Phrmtiaminrs and Phknyucne-dijuiiines (iv. 419-484); also the 
same articles and Aniline in this volume. 

The di azobenzenes and diazo^amidobenzeneg are described under Azo* 
phkntlamikrs and Azodiphentl>diaminbs (iv. 430, 469). 

Amobeaxeiie. This compound is formed by the action of sodium- 

Miiulgam on an alcoholic solution of nitrobenzene acidulated with acetic acid (Werigo, 
Ann. a. PAem. cxxxv. 176). Accoixling to Alexejeff {Zeitschr.f, Chem, [21 iii, 83^ 
tne profluct of this reaction is azoxybenzene or azobenzene, accordingly as the nitto- 
t>enzene or the sodium-amalgam is in excess ; in the latter cases the azobenzene is 
^nve^l by prolonged action of the sodium-amalgam, into hydrazobenzene, 

Moctly the same efifeets are produced by zincwlust, with addition of a small quantity 
of potash or soda (Alexejefl; Zeiitchr. f Chem. [2] iv, 497). 

? **** *fit*ochlorobeittenci, according to toe latest invsstigatton of Jangfleiscb> 
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A^benzene is also produced, together with azoxybenzene and hydiazol^naene, by 
oxidation of aniline with solution of potassium permanganate. Manganic oxide is 
thereby separated, canning down witti it the greater part of the azo-compounds pro- 
duced. The precipitate washed with cold water yields, on distillation in the water- 
bath, red drops of azobenzene which solidify on cooling. The azobenzene may also 
be extracted from the precipitate by hot alcohol ; the mother-liquor, from the first cry- 
stallisation of the azobenzene, often yields lighter-coloured needles of azoxybenzene ; 
and on distilling the crude product, quadratic laminae were once observed, which exhi- 
bited the reaction 8 of hydrazobenzene. The formation of azobenzene from aniline is 
represented by the equation 

2C«H’N + O* = C^*H*»N* + 2WO 

(E. Glaser, Ann. Ch. 'Pham, cxlii. 864). Bespecting the Constitution of these bodies, 
and their relation to nitrobenzene and aniline, see Aromatic Serubs (pp. 208-210). 

In the action of reducing agents on azobenzene, the latter is in the first instance 
converted into hydrazobenzene, afterwards into the isomeric and more stable compound 
benzidine (Hofmann, Proc. Boy. 8oc. xii. 676). 

A mixture of 1 mol. azobenzene with 2 mols. aniline hydrochloride heated to 170®— 
230'^ in closed vessels, yields a blue and a violet ivdouring matter. 1 mol. azobenssene 
and 1 mol. toluidine hydrochloride yield, in like manner, violet and blue substances, 
together with a small quantity of a product having a fine ruby colour (Stadeler, J. j>r, 
Chem. T.ev\, 66 ; Jahresb. 1865, p. 409). 

Azobenzene unites directly with 2 at. bromine, forming the compound C’*H^®N*I3r*, 
which is slightly soluble in alcohol and ether, and crystallises in golden-yellow needles 
melting at 205°, and subliming in large iridescent needles. This compound is 
isomeric with dibronvobenzidine. It dissolves in hot strong sulphuric acid, and is 
converted by fuming nitric acid into the compound C**H®(NO*)N*Br* melting at 
160° (Werigo, Ann. Ch. Pharni. cxxxv. 176). 

Az<^)benzone heated witJi strong hydrobromic acid is converted into a white crystal- 
line body, forming with water a solution from which stxlium hydrate throws down an 
oil, quickly solidifying in the crystalline form (Werigo, Zeitechr. f. Chem. [21 iv, 
210 ). 

Asoffenzene'Stilphurio acid, C‘*H'®N*SO*, is produced by heating azobenzene with 
fuming sulphuric acid to 150°. It forms yellow crystals or rod scales, and yields 
crystallisablo salts. The silver salt contains C**H®AgN*SO* (Griess, Ann. Ch.Pharm. 
cxviii. 89). 

Amiuazournzbnk or Amidodiphenylimidr. CHI^N* = C^*H*(NH*)N* 
fMartius a. Griess, Zeitechr.f. Chrm. [2] i. 132; G. A. Schmidt, ibid, x. 417). — Fro- 
QUCi'd : 1, By oxidation of aniline : 

3C’«H’N + 0* * C»II*'N* -I- C*H«0 + 2H»0. 

AniUiio. Ami<lazo- Phenol. 

benzene. 

a. When nitrous ncid gas is passed into a gently warmed solution of aniline in 3 
pts. alcohol,* till the liquid acquires a deep red colour, and moderately strong hydro- 
chloric. acid is then added in excess, a thick brown-red pulp is produced, from which, 
after it has been freed by prt^ssure from the mother-liquor and washed with weak 
spirit, hot water extxac.tjs hydrochloride of amidazobenzene, and from this the base may 
be precipitated by ammonia. — It may also be prepared by heating a mixture of 1 pt. 
aniline nitrate, 3 pts. sodium stannate, and 10 pts. water to 100°, gradually adding 
aoda-ley till a sample is coloured deep-red by hydrochloric acid, then supersaturating 
in the cold with hydrochloric acid, digesting the separated red-brown resin with soda- 
ley, dissolving it in hot water containing hydrochloric acid, and precipitating with 
ammonia (Martins a. Griess). 

2. AmioAzobenzene is pranced, toother with amidaaracybenzena, by reduction of 
mononitro-azoxybenzeno. The reaction appears to tako place as shown by the 
equation JT 

8C«H‘»(NO*)N*0 -I- llH»a » 2 C»*H»(NH*)N* + C**H»(NH*)NH> + SH*0 + S*». 

1 pt. of this nitroHKimponnd is heated to boiling with 10 pts. of strong alcohol, and 
gradually mixed, while the boiling is continued, with a concentrated alcoholic solution 
of ammonium sulphide, in small ixirtions (2-8 c.c.). each being added only after the 
odour of the former portion has disappeared, and the process continued till all the 
nitroazoxybenzene is dissolved, and a sample taken out of the liquid no longer my- 
stalliscs on cooling. (If the ammonium sulphide were added more quickly, a fhrther 

* In a cold solution the only product is diaaosmldobenasQe (iv. 4M>* 
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reduction would tnke place, renilting in the formation of aniline and ^raphenylene* 
diamine.) The liquid decanted from the separated sulphur, fre^ fi?om the greater 
part of the alcohol by distillation, and mix^ with water, deposits a yoUpw lamiuo> 
crystalline mixture of amidazobenaeneand auudasoxybenEene, which may ISe semrated 
by the different solubilities of their hydrochlorides in dilute alwhol. The crude pro- 
duct drenched with weak spirit and excess of hydrochloric acid, yields a red-brown 
crystalline pulp, the greater part of whicli remains undissolved when heated to the 
boiling point. The whole filtered at the boiling heat yields a dark-red filtrate, which 
on cooling first deposits a small quantity of amidazobenzene hydrochloride in charac- 
tiiristic steel-blue needles ; and if the solution be again filtered at the boiling heat, 
the filtrate yields almost pure amidazoxybenzene hydrochloride in rose- 
coloured laminar cr^rstals. ^e united residues on tlio filters, repeatedly boiled with 
weak spirit containing hydrochloric add, then crystallised from acidulated spirit of 
60 p. c., or from very dilute aqueous hydrochloric acid, yield pure amidazobenzene 
hydrochloride in laminae or needles having a dark violet-blue colour and metallic 
lustre. They are decomposed even by pure water, more readily by ammonia, yielding 
the free base (Schmidt), 

3. By the action of aniline and its salts — most readily with the hy<lrochloHde — on 
the isomeric compoxind diazo-amidobenzene, a small quantity of the aniline salt 
sufficing, as alreac^ explained under Aromatic Skribs (p. 209), for the conversion of 
a large quantity of diazo-amidobenzene. Hence this tnvnsformation takes place to 
a certain extent in the preparation and in all the decompositions of diazo-nmido- 
bcuzcno, inasmuch as in these reactions aniline is always set free. Amidazobenzene 
is also found amongst the products of the actkjn of bromine on aniline (Kckul4, 
Zcitschr.f. Chem. f2] i. 687, 689 ; JaKre^ih. 1866, pp. 429, 467). 

Properties and lieactions . — Amidazobenzene is but very slightly soluble in water, 
oven at the boiling heat ; it dissolves more freely in ether and in hot alcohol, and 
crystallises from the latter in yellow rhombic noodles or prisms of about 49° 20', 
having their acute lateral edges perpendicularly truncated by broad faces. It mella 
at 130° (liirtiua a. Griees), at 127*4'^ (Schmidt),* solidifies at 120° and distils without 
decomposition at a temperature above the boiling point of mercury, 

Amidazobenzene heated with tin and hydrochloric acid is resolved into aniline and 
paraphenylene-diamine : 

+ IH * C*H’N -1- 

It is nearly related to diphenine or diamidazobenzene, C”H*(NH*)®N*, and, like that 
compound, yiehls with manganese dioxiilo and sulphuric acid a large quantity of . 
quinone, and with aniline-nitrate a blue colouring matter. 

With acids amidazobenzene forms well-defined salts, most of which crystalliM 
easily ; they are decomposed by water, and their slightly acid solutions have a 
c<K!hineal-red colour. It is a mono-acid base, its hydrochloride being } 

the pbvtinochloridc, a red -brown crj'stallino precipitate, 2(C*‘‘H''NMICnRCl%' the 
sulphate (C‘^H”N*)®. H^SOh &c. The alcoholic solution of the base mixed with |i/orr 
nitrate yields the compound (C”II**N*)*. AgHO, which crystallises in golden-yellow 
lami nm. 

Wool and silk are coloured deep leraon-yellow by slightly acid solutions of amiclaz<->- 
b*'nzene ; the picrate dyes wool a fine cochineal red ; but the colours are very fugitive. 
The oxalate of amidazobenzene constitutes aniline yellow (p. 169). 

The alcoholic solution of the base kept in contact for some time, at ordinary tem- 
peratures, with ethyl iodide yields a crystalline hydriodide of ethyl-amidacobeneenet 
C>’H‘*(C»H*)N».HI. 

Htdraeobbkzbkb. (Hofmann, Pror. Hoy. Soc. xii, 176).~~'This 

neutral body, isomeric with bonzidioe (which Is basic), is the first product of hydrogen 
sulphide and other reducing agents on azobenzene, being in some cases subse- 
quently converted into benzimne. It is prepar^ by passing a stream of hydrr^^ea 
sulphide into a solution of azobenzene in alcoholic ammonia, whereupon the^ellowish- 
red liquid quickly loses it colour, and on adding water hydrazobenzene is thrown 
down as a crystalnne precipitate, which may be purified by two or three crystallisations 
from alcohol (Hofmann). According to Glaser, it is sometimes found amongst the 
products of the oxidation of anilins by potassium permangaimte. 

Hydrazobenaene crystallises in well-defined laminae, slightly soluble in water, 
moderately soluble in alcohol aad ether. It is not dissolveJ by acetic acid, but the 
strongear acidsi, such as hydrocbJoric and sulphuric, convert it into benzidine, and then 

• Schnikit fouml tlw im nieltiiig point with smidAcobenzeM prefisisd ty the meth^ 

a. Grim. 
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it It melts at 131° (benz'dine at 118°), and is iMolred by distillation into 
ne and anUiVe : 2C>'H'’N^ = + 2C.H-N. Hy^benzen. is 

also reconverted int<j azobenzone by oxidising agents, as nitrous acid, chlorine, bromine, 
iodine potassium chromate, and potassium permanganate. The same transformation 
takes place when hydraz iboiizeno is simply moistened with alcohol, and exposed to 
the air. Benzidine does not undergo this change (Hofmann). 

Azobenzene-sulphuric acid treated with hydrogen sulphide yields a sulpho-acid of 
hydrazobonzeno (Griess). 

Axoxybencene. Formed by the ^tion of sodium-amalgam, not in 

excess, and of ammonium sulphide, on nitrobenzene in alcoholic splution, and, together 
with azobenzono, by oxidation of aniline with potassium permanganate (p. 269). 
Prepiiration (i. 479).— By prolonged action of reducing agents it is converted into 
hjclrazobenzeno. Bichlorazoxybenzono treated in like manner is converted into 
dichlorliydrazohenzeno (Alexojeff). 

Azoxybenzene heated with strong hydrobromic acid to 250° in sealed tubes dissolves 
in it and forms dibromanilino, accortling to the equation 

C‘*n*"N*0 + 4HBr = 2C«IPBr2N + H^O + H«. 


Other products are formed at the same time, but in very small quantity, when a 
considerable excess of hydrobromic acid is present (Sendzink, Zeitachr. f. Chem. [2] 
vi. 266). 

Amidazoxyhmzene. C'^II^'N^O - C»H»(NH*)N20 (G. A. Schmidt, Znischr. f. 
Chem. [2] v. 419). — Produced, together with amidazobonzene, by the action of 
ammonium sulphide on nitro -azoxybenzene in alcoholic solution. The crude hydro- 
chloride of amidazoxyhenzene, crj'stallising, as above mentioned (p. 270), in rose- 
coloured lamiiice, cannot bo freed by recrystallisation from obstinately adhering traces 
of amitloazoboTizeiio hydrochloride; but it is easily purified by dissolving it in the 
smallest possible quantity of hot water acidulated with hydrochloric acid, and agitating 
it fop a few seconds with a little granulated tin till it is decolorised. The solution 
quickly dcoantcil from the c-xcess of tin (to prevent further reduction) deposits on 
cooling pure ainidazoxybenzcno hydrochloride in colourless silvery lamime. From 
this salt the base may he .separated by ammonia, and after one or two crj’stallisations 
from weak spirit, it is easily obtained in large hibular brittle crystals of a somewhat 
paler yellow colour than amidazobonzene. It is nearly insoluble in cold water, slightly 
soluble ill boiling water, easily in strong alcohol, ether, and benzene. It melts at 
138*5°, and begins to decompose at about 200®, giving off nitrogen gas, yielding a 
brown oily dislilhite coiitniiiing water, aniline, and amidazohenzene, and leaving a small 
quantity of loose sjKingy charcoal. It does not appear to he converted into amidazo- 
' benzene by t lie action of reducing agents; ammonium sulphide does not act upon 
aijd by Lin and hydrochloric acid it is roducod to aniline and paraphonyleno- 
difimine. 

The salts of amidazoxybenzono are colourless, well crystallised, and mostly sparingly 
soluble, especially the sulphate. The Ay<7ro^7^/orM7^•, C’*H"N*0 . IICl, CTystallises in 
silvery lamiiue ; gives off hydrochloric acid when heatod, oven at 100° ; and, like the 
corr('spon<ling UTuidazobeuzeno salt, is decomposed by water, with yellow coloration. 
It dissolves sparingly in cold, verj’ dilute hydrochloric acid, much more easily at the 
boiling heat, still more easily in acidulated alcohol. Its solution gives with pfhtinic 
chforule a yellow imlistinctly crystalline precipitate of the platino-chlorido 
2fC'^H”N’0. 11(d). 1\('1\ slighYly soluble in water and in alcohol. Silver nitrate 
aude<l to the alcoholic solution of the base forms a precipitate consisting of long. 
Blonder, straw-yellow neeilles. 

Trinitro-asox yhen zene. C'2H^(NO*)*N®0 (G. A. Schmidt, Zeiischr^ f. Chem» 
[2] V. 421). — Produeeil by treating azoxybenzene with a mixture of strong nitric aiKiw 
sulphuric acids (with nitric acid alone only the two modifications of mononitro- 
ozoxybenzene are formed; i. 479). 20 grros. of azoxybenzene are heated in a fiask 
with a mixture of 200 gnns. nitric acid (sp. gr. I SO) and 100 grms. stilphuric acid 
(sp.gr. 1*80). It then dissolves, with considerable rise of temperature, but without 
emission of red fumes, and the sidutiou, if immediately poured into water, yields a 
light yellow crystalline mass, caked together by a resinous substance. To remove tho 
.latter, the mass is triturated with a little water, washed on a filter, dried, and repeatedly 
exhausted with ether, till it no longer colours that liquid yellow (j^midt). It is 
also formed by tho action of strong nitric acid at the boiling heat ou asobensene, 
another bovly, probably trinitrazobonzene, being formed at the same time (Petriefl^ 
ibid, vi. 264). 

■Trinitrazoxybenzeno thus prepared is an indistinctly crystalline yellow powder, very 
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much resembling the mononttratod compound in appearance. It is insoluble in water, 
dissolves very, sparingly in alcohol and ether, easily in benaeno, but is b^t crystallised 
from nitric acid (sp. gr. 1 38), in which it dissolves somewhat freely at the boiling 
heat, and separates on cooling in needle-shaped crystals recognisable by the naked eye, 
and looking in the mass very much like dowers of sulphur. It molts at 152®, solidines 
in the crystalline form at 140®, and detonates with some violence at a stron^r heat, 
leaving a small quantity of charcoal. When carefully heiited above its melting point 
it does not crystallise again on cooling, but solidifies to a transparent yellow glass, 
which if again heated nearly to its melting point suddenly becomes crystalline: tlie 
formula of this glassy. substance is C'*U^N*0^. 

The resinous substance dissolved by the ether, and forming al>o\it a sixth of the 
crude product, probably contains dmilro-azoxybt tuencj or bodies isomeric therewith. 


SULPHO DEKIVATIVES OF BeNZKNB. 

Bensene-mulphamidA or Balphobenxolamide, « C*TT^ . SO’(NH*), 

was obtained by Stenhouse by healing ammonium beuzone-stilphato to 200° (v. 489). 
Otto a. Ostrop {Jahresh, 1866, p. 670) prepare it by the action of Rmnamium on ben- 
zene-sulphobromide. It is also formed, together with phenyl bisulphide, by tbe action 
of h<it concentratod aqueous ammonia on bromophenyluxysulpliido (OLP), Jahtf»b. 
1867, p. 629): 

2C‘»II''IlrS^O* + 2NIP - 2C«irNSO^ + + Br^ 

It Is nearly insoluble in cold, more soluble in hot ammoniacal water, dissolves easily 
in alcohol and ether, and crystallises in largo nacreous lamiiitt‘, meltirig at 149°. 

Wlieu 1 mol. benzonc-sulphamido is |jeato<l with alK)ut 2 mol. jjotnssium liydrate, a 
violent reaction takes place near the melting point of the amide, tin* mass becoming 
but HOfm giving off water and solidifying again. Tlio product dissolves easily 
in water, and acids added to tlie solution throw dow'ti the unaltered amide. Probably 
the pjtassium replaces part of the typic li^'drogen in the atnid(» (wdtii simultanoouii 
formation of H'**!)), and a compound is forrmxl wliich diss»»lve.s easily in water. If the 
proiluct after solidifiaition bo heated t-o 2.>(P-300°, it sfilidilii's again, and the amide 
js resolved into .sulphurous auhydri<lo and phenol : 

C“I1\B0’NIP + 3K1I0 - BJP 4- C-Il'KO + BO'JP + H^O 

Bcnzcno-sulphamUlo. PotiesK j nm 

phenatc. 

(Lindow a. Otto, Zeitschr. f. Cliem. f2] iv. 39). 

CJdorot^enzeTic-sulphamide or tiulptuM'hlorohenzolumidc, C®TI‘’01N.SO*, is formed by 
treating chkm)benzene-8ulphochlorido with alc<»liolic iimnioT)ia, and crystallises froMr 
hot water (after the sal-ammoniac has been rcmovtxi by cold water) in small needles, 
or \iy slow evaporation in large four-sided rhombic i>riHins. Disscjlves easily in hot 
water, ether, and alcohob and melts at H3°-l 44° (Otto a. Hrnmrin'r). Wlicn hoatc<l 
with pota.ssium hydrate it apjKwrM to react like benz<;nc-sulp]iiunide, and on addft)g 
hydns'-hloric acid to the solid i<m of the pr'shict, sulphurous anliydriile is evolyoil, and 
a resinous body is separated which erystallises from alcoliol, but no clilorophcnol 
appears to bo formoil (Lindow a. ()Lt<j). 

SensencHiulphuric or Sulpbobenxollc acid. ('"IPSO* — This 

aciil, described in vol. v, p. 664 as Vfunuf-tiulphurovA acid, is pnslucisl by oxidation of 
Is-uzene-sulphurons acid, C*1P8(P, either slowly ])y exposure to the air, or more 
quickly, together with nitrobenzene-sulphuric Jicid, by the action of nitric acid (Ottx) 
a. Ostrop, Ann. Ch. Pharm. cxli. 365). Also, together with phenyl-oxysulphidi by 
beating benzene-sulphurous acid with water to 130° : 

3OIPS0* « Cl-lPSO* + C*nP*S"0» -h H*0 

Itenzene Benzene rhenyl 

■nIphurouB acid. anlphuric acid. oxysnlplitde. 

(Otto, Ann. Ch. Pharm. cxlv, 317). The sodium-salt of this acid, OIPNaSO*, rielda 
by dry distillation, carbon dioxide, sulphur dioxide, and phenyl sulphide (Stennmise, 
iVoe. Hoy. Soc. xiv. 351). The potassium salt heated with alkaline carbomites yields 
a small quantity of benzoic acUf. Laiger quantities of the latter are obtained by 
heatitig the benzene-sulphate with potassium cyanide, whereby phenyl-cyanide or 
bensonitrilo, C*H*.CN, is formed, ana heating the latter with potasu (Mens, SUiUchr, 

/. CAm. [2] V. 33). ^ 

Bemene^autphurie or Sutphohenzolic chloride, 0*11*80*01, described in 
▼ol. V. p, 564 as rktnylaulphuroua cUoride, is alert produced by passing eklorioe into 
8up, ^ T 
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water in which benzeue-milphuroua acid is suspended (Otto) ; 3 mol, sulphobensol- 
chloride and 4 mol. potassium cyanide form a solution from which water throws 
down a resinous precipitate yielding to alcohol a not inconsiderable quantity of phenyi 
bisulphide, (Lindow a. Otto, Zeiiackr. f. Chem. [2] iv, 40). 

Chlorohen^^fiie-mlphuric bromide, C*K^ClSO“Br, is produced by the action of bromine 
on chlorobenzene-sulphurous acid (p. 275) suspended in water, and remains, on 
evaporating the ethereal solution, as an oil which solidifies to a crystalline mass. It 
melts at 52® to 53®, and is resolved by alkalis into metallic bromide and chlorobenzene- 
sulphite (Otto, Jahresb. 1867, p. 630). 

CMorobenzene-sulpkuric chloride, C«H<C1S0*C1, is formed, together with phosphorus 
oxychloride, by triturating I mol. dry sodium sulphochlorobenzolate with 1 mol. 
pliosphoruB pentachloride, remaining undissolved when the product is treated with 
water. It crystallises from ether (free from alcohol) in well-defined four-sided 
rhombic tables, or prisms resembling those of sulphotoluol-chloride, melting at 
60®-51®, insoluble in water, but easily soluble in ether and in benzene. On dissolving 
it in alcohol, ethylic sulphochlorobenzolute is formed, which separates as a heavy, 
non-flisti liable oil. Heated with alkalis or baryta-water, it is resolved into metallic 
chloride and sulphtxihlorobenzobite. With fuming nitric acid, after prolonged action, 
it forms nitrochlorobenzone-sulphuric acid (Otto a. Brummer, Jahresb. 1867, p. 632), * 

Bromobenzene-sulphuric acid, C*H^Br , SO^II, is produced by dissolvfng 
bromobonzene in fuming sulphuric acid (Couper, Conipt. rend. xlvi. 230). \^en 
separated from its load-salt by hydrogen sulphide, it forms a radio-crystalline deli- 
quescent mass, molting at 88®. It is specially distinguished by the crystallising 
power and beauty of its salts. The lead salt (C*II^BrSO*)*Pb forms very character- 
istic, la^e, homispheric^il aggregates, having almost the aspect of fungi ; not very 
soluble in cold water. The potassium salt C‘^H^BrSO*K crystallises from water in 
well-developed, flat, rhombic crystals, very soluble in water. The potassium salt 
fused with caustic potash yields resorcin : consequently bromobenzeno-sulphuric acid 
belongs to the para- series (1:4) (A.. Ross Garrick, Ztitschr. f. Chem. [2] v. 648). 

Isofyromohenzme^sulnhurie add, C<IPBfSO>H, is produced by the action of bromine 
on aulphobonzolic ncia. The action does not toko place in the cold, and is slow even 
at 100®; to complete it, the two 8ul)8tance8 must bo heated together for several days 
in a sealed tube. The pro<luct is to be mixed with water, and evaporated over the 
water-bath till all the hydrobromic acid has evaporated, tlien neutralised with lead 
carbonate, and the resulting lead salt purified by repeated crystallisation. From this 
salt the acid and the other salts are propvred. All the salts of this acid are totally 
different from those of the preceding acid. The acid itself may bo obtained in the 
solid state, by leaving its concentrated solution to stand for some time, but it is 
so deliquescent that its molting point cannot be determined. The lead sedt 
(C«iPBr80»)>Pb + 3H“0 forms white granular crystals, more soluble in water than 
the lead salt of the preceding acid. The potassium salt C*H‘BrSO*K + H*0 is 
e;xtremely soluble in water, and crystallises in small stellate groups. The salt fus^ 
with potassium-hydmte appears to yield hydroquinone, showing that the acid belongs 
to the ortho- series (1 : 2). Hence it appears that the group SO^HO introduces the 
bromine into the same place as the group COHO in benzoic acid (Ross Garrick, loc. 
cit.). Acciirding to R. Geuz { Jid. 692), the ticid prepared by the action of bromine on 
Hulphol)enzolic tveid appears to yield resorcin tvs well as hydroquinone when fused with 
potash. 

^ Chlorobenzene-sulphuric or SulpAocMorobf nzolic acid, C*H<Cl.SO*H, is 
produced by hating monochlorobonzene with fuming sulphuric acid. When sepsmted 
from its loafUsolt by hydn^gen sulphide and evaporated, it remains as a syrup/whidi 
whqn left over oil of vitriol crystallises in bvrge deliquescent prisms. Its salts ate 
very stable. The sodium salt C«H*Cl80"Na.IPO forms cubic crystals; the «i/Mr 
4^^ C*H*ClSO>Ag, nacreous scales; the barhtm salt (C"H^ClSO*)»Ba.2H*0, also 
nacreous scales ; the lead salt (C*H<ClSO>)»Pb . 6n»0, a laminar mass ; the copper 
sail (C(*II^ClSO>)*Cu.5H»0, greenish needles (Gluts, Ann. Ch. PAarm. cxliii. 181 ; 
Otto^." Brummer, ibid. 100). 

Sodiuin-amalgani converts the acid into benzene-sulphuric acid, identical with that 
formed front benzene and sulphuric acid. The chlorinated acid is not acted upon by 
ziiic and sulphuric acid, or by boiling potiwih-ley. In concentrated soludon it is 
oxidiswl by a mixture of mtossium chromate and sulphuric add, with evmutltm of 
clilorine and carbon dioxide. The lead Siilt yields with nitric nitrochloroben- 
»>ue-sulphate and sulphate of lead, together with tiitrodiloibbsili»B% 

#hich melts at 76® and solidifies at 66®-60® (Glut*). The sodium salt tritnzat^ with 
phosphorus pentachloride yields chlorobeuzeuo sulphochlof^o, C*H*ClSO*€l, tc^sthsc 



sulpho-demvativbs of. 

^0, »>« <“s 

aS(>*H (Losimple, Zettschr. /. i- ,_* t«mD«nituro8, and may thorotore bo usod for 

not act on dichlorobenzene at ordinary ’ whei/tho latter is strongly 

the separation of mono- tl'^o fuming acid, it dissolros comple^^^ 

heated^d occasionally agibited with An easier mothcxl of preparing it is 

aii<l the Bulpho-iicid A into a flask containing dichlorobenzene, 

t(, pass the rapour of A Aat the ftltero<l solution as above. The acid, 

dissolve the product by hydmgen sulphide, crystallises from 

mmaratM frtmi the purified lead-Bivlt by n} b staining 2 at. water, melting at 
solution in small colourless ' V. in’ water sparingly in ethereal liquids, 

a Uimi>oratur6 Rbovo .lisHolve aomowhat aparingly in 

It* Bftlt* crystall.HO boar a tc.«por,i1.ur8 of more than 200 

.Sodium »» cMiianiAo’fNIlM.Ii*^* needles moderiitely soluble in wa 

Ammonium „ ^;,j[,^[4Q3Xg. ^ greyish-white nacreous ixnnted needles. 

Jtarium ,. gjpo, SuXsB intorlnco<l noetiloa. *.,a o„ 

MagneBium „ “jI-.q, tuft* of neodlcs, or large cryetaU <>" 

.. j r^H.<80»HO 

z. Bcn.en..dUulph,.ric or VUulpMen.oHc acd ^ 

rovaml l,y BnckUtn and »<*“’ j S!'‘‘'Th7w "S C-H*(S0»)‘Pb 

(••H\.S0*K)“ + •" polaaemm hydrate, 

crystal*, easily soluble in water. X®'‘ , i:. like sulphobroroobeneolic acid, 

i, 'yields rosotein; distilled with pot«.ium 

belongs to the para- senes A ntfiBs Garrick lov. cif>). 

cyaiiiae, yields dicyanobenzono. C-U*(CN)« (Boss UarricK. <ec. ; 

r«II* SO*H (Otto a, Ostrop, Ann, Ch, Fhai^. 
aenmenMulpHaroue discovered by Kolbo, and doscnW 

cxli. 365; Otto, ihid. cxlv 3;7).—Tliib originally oLiined as a zinc-^lt 

in vol. V. p. 564 as Ph^nyMfhurotis y , S j i .jdo (phenylsulphurous chlondfcV 
by the action of zinc-ethyl on ^ prepa^^ by treating this chloride 

Otto and Ostrop find that it may be more easily prtparea 

whth sodium-amalgam : «-T-rsf^F-. 7 XT 

C*H‘S0*C1 + W - NaCl + C H SO Na. 

Perfectly dry bcnzeno-sulphochloride iSt^ido<l**wdh an upright condenser, and 

volume of pure anhydrous ether m a ret/»rt PJ^^ T frmi from ether hr 

sfxlium-amilgBni is Added by small 'foms a clear solution 

evaporation, no longer smells of «iher is ’evaponited ofT'on the waWr- , 

in ^ter. When the reaction « 

l«thi the sodinn. salt is d.ssolred .n Jj Oie operated acid- 

clear decanted solution is mixed with hj crvetallisation from hot deafettid 

C'*lfSO*. is freed from an adhering oily body by crystallisation iroiu 

water, as far as possible apart frt>in the air. • -toibite grotipa ^ ht^o 

Benzene-sulphurous acid thus ^ Kolbo 0 665>. Ita aqueous, Jftfiution 

pri-mw, exhibiting the f fhi cij‘.^l. Jt ^ fW^SK". ‘-d 

first reddens litmus “<* ‘***“,^0 *lS5,„ de]^ue*ce^in the air, taking up oxygen 
decompoae when heated above 100®. X - . 

and fionung benMne-aulphnnc ac^ 2C*lP^ . ' nitric a4M, fhmiae. 

BenaenMulphinoaa acid diasolvas ynming nitric acid attacka » 

benzene-anlilmmi4w4. UT precipitated hy wtX^ 

i-iw - - 
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their diametrically opposite lateral edges truncated; it raelte ^ 9S;6« detonates 
sliehtlv on platinum foil, is insoluble in water and ether, hut easily soluble in 
alwhol; its constitution has not been exactly determin^ The aqueous solution 
filtered from this compound contains nitrobenzene.-8ulphunc acid (Otto a. Ostrop). 

BetKsene-sulphurous acid heated with water to 130® is ^resolved (analogously to 
toluene-sulphurous acid, p. 288) into phenyl oxysuJphide and benzene-sulphuric 
acid ; 

SC^H^SO* + C“H“SO» + H*0. 


XI Ov ~ -r XX. uvx -r vy. 

Its potassium salt, heated to 250®-300® with rather moire than 1 mol. potassium 
hydrate, yields benzene and potassium sulphite : 


C»K"S02K + KHO = C*H« 


The acid suspended in water into which a stream of chlorine gas is passed is 
converted into benzoiie-siilphochloride (Otto) ; by bromine, in like manner, into 
benzene-Bulphobromide (Otto a. Ostrop). 

Chlorobenzene- sulphurous Acid, C*H*C1.S0-H (Otto a. Brummer, .dnn. CA, 
Phqpn, cxliii. 191). — Produced by the action of sodium-amalgam on chlorobenzene- 
sulphochlorido. When separated from the resulting sodium salt and recrystallised 
from water, with addition of animal charcoal, it forms long four-sided rhombic 
prisms, which molt at 88®-90®, dissolve sparingly in cold, easily in hot water, also in 
alcohol and other : 


Sodium salt, C*H*GlSO*Na. 2H*0, four-sided rhombic tables. 


Barium „ 
Calcium „ 
Load „ 


igllSSiSi. 

(C*II*ClSO*)'^Pb, crystalline precipitate. 


Ethifl Chlorobenzene-sulphite, C*II*CIS0’(C*H*), produced by heating the acid with 
alcohol containing hydrochloric acid, is precipitated by water, as an oil which 
solidifies in the crysUillino form, and crystallises from alcohol in small needles 
melting at 123®. Converted by aqueous chromic acid into chlorobenzene-sulphuric 
acid, by chlorine- water into chlorobouzene-siilphochloride, and by zinc and sulphuric 
acid into chlorophonylic aulphydrate. 


Sulpt&oDenBlde. C'*H*®S0*. — Discovered by Mitscherlich, who obtained it by 
the action of sulphuric anhydride on benzene (v. 486). It is also produced by 
treating bonzono with sulphuric chlorhydrate : SO’^(HO)Cl -»• 2C*II* = C*®H'®SO* -r 


. 41). Stenhouse’s sulphobenzolene 
e, C’^H'^S, and originally regarded as 


H^O ■+■ HCl (Karl Knapp, Zeitschr. /. Ckem. [2] v 
(v. 489), obtained by oxidation of phenyl sulphide, 
isomeric with sulphobonzide, is really identical therewith, the melting point of 
sulphobonzide being, according to Knapp, 126®-126®, which is the same as that of 
Bulphobonzoleno. (See also Kekute a. Szuch, Bull. Soc. Chim. [2] viii, 204.) 

Sulphobenzide dissolves without alteration in hot dilute sulphuric acid, and 
crystallises out again on cooling; but the concentrated acid dissolves it with blacken- 
ing and formation of sulphobenzolic acid : C**H‘*SO* + SO*H® = 2C*H*SO*. It is 
not acted upon by alcoholic potash, even at 180® in scaled tubes (Qericke, Ann. Ch, 
Pharm. c. 207). 

The results of the action of chlorine on sulphobenzide have been varfously stated 
by different chemists. According to Gericke, an aflditive compound, C**H**SO*. Cl^, 

or formed, either at ordinary temperatures in diffused daylight, or 

more quickly in direct sunshine, or when the sulphobonzide is heated to its melting 
point ; and this compound is resolved by rapid heating, or by the action of potash, into 
nydrochloric acid and dichlorosulphobenzido : C**H’®SO*Cl‘ 2HC1 + C**II'*Cl*SO*. 
According to Otto a. Ostrop, on the contrary {Ann. Ch. Pharm. cxli. 93), chlorine, 
either dry or moist, exerts no action whatever on sulphobenzide in diffused daylight 
at otwlinary temperatures ; but if the sulphobenzide be heated to its melting point, 
it is resolved by chlorine in diffused daylight into monochlorobenzene and benzene- 
Bulphochlorido : ^ 

C**H’«SO* + Cl» - C^HHDl + C*H*C1S0». 


In direct sunshine, accoidhig to the same chemists, chlorine acts on sulphobenzide 
at ordinary temperatures, {UKxiucing an oily mixture of several chloriniUed benzenes, 
and a crystalline body consisting of monochlorobenzene hexchlortde, C*HH}1.C1* (see 
p. 264). These results have been fblly confirmed by the more recent experiments of 
Otto a. Gruber {Zeitschr. f, Chem. [2] iv. 630). Sulphobenzide dissOlTM in carbon 
bisulphide, either pure or containing iodinoi, is not attacked by chlorine either in 
bhade or in sunshine, the action of the chlorine being entiiely confined to the solveiit. 
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Neither does snlphoH^nside take op chlorine when fmspended ip water containing 
iodine, and treated herewith ^Otto a. Gruber). 

A modidcation "of eulphobeneide called by Stenhouse parasidphobensride * is 
obtained by oxidation of parasulphide of phenyl. It melts at 230^^, is soluble in 
boiling alcohol, from whieh it ciystallises in long white shining needles ; insoluble in 
water, soluble in bensol, ether, and carbon bisulphide ; dissolves readily without 
blackening in warm sulphuric acid, and is precipittited unchanged by water. It 
dissolves also in hot stroi^ nitric acid and ci^'stallises out on cooling (iVoc. Roy, Soc. 
xviii. 643). 

Dichloroaulphoheneide^ C**H*Cl*SO^ is produced by exposing sulphobenEide, 
mixed with a few grains of iodine and heated to 100", to a slow stream of dry 
chlorine in diflfhsed daylight, till it is wholly converted into a viscid non-crystallising 
mass. The remainder of the iodine is then expelled by chlorine ; the product is 
washed with warm water containing a little sodium wirbonate, then dissolved in 
oilier ; and the ethereal solution is evaporated. Diclilorosulphobonzide thus obtained 
is a thickish, transparent, nearly colourless oil, which becomes mobile when warmed ; 
heavier than water, insoluble therein, easily soluble in other and in benzol, less 
soluble in absolute alcohol. It has a faint odour, becoming stronger on warming, and 
distantly resembling those of chlorobenzol and camphor ; distils without docom- 
pfisition at a temperature above 300". It is not altered by alcoholic potash or by 
sodium-amalgam, if the latter be kept in contact with its solution m anhydrous 
benzene ; but in alcoholic solution it is quickly decomposed by sodium-amalgam, 
yielding products not yet examined (Otto a. Gruber). 

A compound isomeric with this liquid dichlorosulphobenzide, and crystallising in 
iMjautiful silky inodorous needles molting at 140"— 141", is obtained by the action of 
sulphuric anhydride on monochlorobenzene (Otto, p. 265). 

I^presenting sulphobenzido by the formula 

'*'■ OH*— S— O— 0— C*n‘, 


the crystalline modification of dichlorosulphobenzide may perhaps be roprcsontoti as 


C‘H*ClSO»l 


or C*H*C1 — S — O — O — C‘1I^C1, and the liquid modification produced 


C*II*Cl®SO* ' 

by the action of chlorine in presence of iodine on sulphobcnzide, as C“IP 


- C*U*CI«— a— 0— 0— C*H*, or as “ C'll*— S-0 - 0-C*H*Cl>. Tlio 

reaction of sulphobenzido with chlorine in diffused daylight, at its melting point, 
whereby it is resolved into monochlorobonzene and sulphobenzolic chloride, justifies 
the formula assigned to it by KekulA, viz. C*H* — S — O — O — C"II* ; for if the two 
benzene-residues were symmetrically united with the oxygen, as represented by the 
formula -O— S— O — C*H*, the aevion of chlorine should give rise to sulphuryl 

chloride and chlorinated derivatives of benzene (Otto a. Gruber, Ann. Ch. Pharm. 
cxlix. 174). 

NitrosulphohenMide, C‘*H•(NO*)SO^ is produced by heating sulphobenzido 
with fuming nitric acid till it is completely dissolved. On adding water, and 
trc.ating the resulting precipitate with hot nlcoh<d, nitrosulphobonzido diss^dves, 
while dinitrosulphobenziae remains behind ; and the hot saturated solution deposits 
nitrosulphobenzide on cooling, as a honey-yellow unctuous mass which solidifies on 
cooling. It melts at 90"-92", decomposes completely at 250", is but slightly soluble 
in water either hot or cold, easily soluble in ether. From solution in dilute alcohol, 
it sepamtes on cooling in soft microscopic crystals. I>inxtro$ulphohentid9i 
C**H"(NO*)*SO\ is obtained by prolonged boiling of sulphobenzido with fuming 
nitric acid, or more quicUy by tne action of a mixture of fuming nitric and sulphuric 
^ds. It forms small white silky rhombic tables, insoluble in water, slightly soluble 
in alcohol and ether; melts at 164"; solidifies in a radio-crystalline nihss; and 
^sublimes without decomposition below 320" (Gericke, loc. cif.). 

Amidouulpkohemzidt^ C'*H*(NH*)SO*, is produced by the action of ammofihim 
sulphide on nitrosulphobenzide dissolved in alcohol. When purified by solution in 
hydrochloric acid and precipitation by potash, it forms micnisoopic pnsms, slightly 
soluble in cold water, easuy in hot water and in alcohol. The .hydroefdogids^ 
C**H»(NH»)(W*.HC1, crystallises in reddish four-sided prisms, easily soluble in water 



278 BENZENE, HOMOLOGUES OF, 


nndin alwhol , melting at about 90°. The plahnoctdori^, 2[C**H*(NH*)SO* . HCIJ . PtCl*, 
18 a yellowish-brown amorphous precipitate soluble in alcohol. 

Diamidosulvhobenzide, C’*H“(NH*ySO*, is obtained by the action of ammonium 
Bulphideondinitrosulphobenzide,and is thrown down from its solution in hydrochloric 
acid by potash, as a yellowish-white precipitate, which soon becomes darker. It dissolves 
with difficulty in cold, easily in hot water and alcohol, and crystallises in four-sided 
prisms, easily molting to a brown mass. The C*®H*(NH*)=SO*.2HCl, 

crystallises in long reddish rhombic prisms, easily soluble in water and in alcohol, 
not decomposing at 100^. Its solution forms with platinic chloride a brown-red 
indistinctly crystalline precipitate, consisting of 2[C‘*H“(NE*)S0^2HCl].PtCl^ 
(Gericke). 

BinrzinrB» KOMOBOGITBS op, C*H**~«.--The derivation of these hydro- 
carbons from benzene, the general methods of producing them synthetically, and the 
nature of the isomerism existing in the several groups of hydrocarbons and their 
derivatives, have been discussed in the article Aromatic Seriks. Those which occur 
in coal-tar naphtha (CEP, C*}!''-*) appear to be methylic derivatives, coal-t^ir 

cumene, for example, being trimethyl-benzeno, C*IP(CH*)*. Toluene and xylene have 
boon found, together with benzene, among the hydrocarbons produced by subjecting to 
dry distillation the lime-soap of Menhaden oil (Warren a. Storcr, Zeitsekr. f. Ckem. 
iv. 229). 

The specific gravities and expansions of those hydrocarbons have been determined 
by Louguiiiirio {Atm. Ch. Phys. [4] xi. Io3 ; also with remarks by H. Kopp, Ann. Ck. 
Pharm. SuppL v. 295, 303 ; ZciUchr. /. Cheni. [2] iv. 104). The specific gravities 


at 0° were found to be as follows : 

8p. gr. at 0® 

Benzene, from benzoic acid . 0’8995 

Toluene, fVom coal-tar : B. P. 1 1 1 ®-l 1 1 -6° .... 0 8841 
Xylene, from coal-tar : B. P. 138°-1 39° .... 0 8770 

Cymono, from Koman cumin-oil : B. P. 175°-1 76° . . 0’8703 

Cymone, from camphor B. P. 174°-1 75° . , , . 0 8732 


Hence it appears that: 1, The densities at 0° of the aromatic hydrocarbons 
decrease as they ascend in the series from benzene to cymone. — 2. The successive 
difierences exhibit a certain regularity, that between benzene and toluene being 0‘0ir>4, 
and that between toluene and xylene 00071, or nearly half the preceding. 


Calling the first difiPorence a, the second will bo ; and if wo suppose the same law 
to hold good throughout the series, the difforencx) of density between xylene and 
cumene will bo and that between cumene and cymeno Accordingly the 
density of cymene should be equal to that of benzene diminished by 


Uiat is, bv 0 0154 + 0 0077 + 0 0039 + 0*0019 = 0 0289; this would give for the 
density of cymono 

d » 0*8995 - 0*0289 - 0*8706, 
which is nearly the same as the experimental number 0*8075. 

Ilie specific Volumes of the five hydrocarbons, that of each at 0° *» I, are calculated 
by UMans of the following interpolation formulae ; 

« - 1*0000 + 0*001 16< + 0 000002226/* for Benzene, 

e - 1*0000 + 0 001028/ + 0*000001779/* Toluene. 

■0 - 1*0000 + 0*0009506/ + 0*000001632/* „ Xylene. 

to mm I'OOOO + 0 0008952/ + 0*0000012??/* „ Cymene from Cumin-oil. 

f) « 1*0000 + 0 000898/ + 0*00000l311/* „ C^one firom Camphor. 

‘the following table contains the volumes of these five hydrocarbons at different 
temperatures : 1. As Calculated from the preceding interpolation fiormulse ; II. • 
As deduced frimi the expansion curve constTUctod according to Jjouguinine^B 
experiments : 


• Cymene ftem camphor is in all probebtuty Identical with that from Roman eutetn-oQ. Kopp 
nonbts the purity of the hydreoarbons used tn Ihoipiinine’a inamtuh as noM of 

axoept the oensene, exhimtiedi ooiuitant boiUag pointe. 
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1 

Benzene 

Toluene 

Xylene 

Csrtnene from 
Rom. Cumln*oll 

Cjmene from 
Camphor 


I. 

II. 

I. 

II. 

I. 

II. 

I. 

n. 

I. 

II. 

o 

0 

1-0000 

1*0000 

1 0000 

1-0000 

1-0000 

1-0000 

1-0000 

1-0000 

1-0000 

1-0000 

10 

1-0118 

1-0122 

1-0104 

1-0104 

1*0096 

1-0094 

1-0090 

1-0093 

1-0090 

1-0092 

20 

1-0241 

1-0246 

1-0213 

1-0214 

1-0197 

1 0495 

1-0184 

1-0190 

1-0184 

1-0186 

30 

1-03G8 

1 0371 

1-0324 

1 0324 

1-0300 

1-0297 

1-0280 

1-0285 

1 0282 

1-0282 

40 

1-0500 

1-0600 

1-0439 

1-0438 

1-0407 

1 0403 

1-0378 

1-0379 

1 0380 

1-0378 

50 

1*0636 

1-0622 

1-0658 

1-0564 

10516 

10513 

1-0480 

1-0478 

1-0481 

1-0478 

60 i 

1-0776 

1-0774 

1-0681 

1 0678 

1 0629 

1 0626 

1-0583 

1-0583 

1-0586 i 

1-0584 

70 i 

1-0921 

10919 

1-0807 

1-0804 

1-0745 

1-0739 

1-0692 

1-0690 

1-0693 

1 0689 

80 

1-1070 

1-1066 

1-0937 

1-0937 

1-0865 

1-0859 

1-0798 

1-0800 

1 -0802 

1-0799 

90 



1-1069 

1-1069 

1-0987 

1-0985 

1-0910 

1-0912 

1 0914 

1-0913 

100 



1-1206 

1*1206 

1*1113 

1-1113 

1-1023 

1-1026 

1-1029 

1-1066? 


By extending the interpolation formulre above given to temperatures beyond the 
limits of Lougiiinine’s ex{>eriment4J (which process of (x(ra~ 2 >olation has been found 
in other cases to give results agreeing with those of observation), Kopplnis calculated 
the specific volumes of tlio five hydrocarbons at the boiling points given by Loiiguinine, 
that of each hydrocarbon at 0° being taken as unity : for benzene and cymeiie the 
numbers deduced from Kopp’s own experiments are also given : 


According io Louguininc. 

'■p. vol. Dlff. 


8p. 

for 81® 96- 1 

C’H» „ 111® 118‘2 
CH'® „ 138® 140‘5 
„ 175® 184 


According to Kopp. 

Rp. vol. Dllf. 
C<H* for 81° 96- 1\ 


.,t 


221 

22*3 

2 K 21-8 . 


„ 175® 183-5 


M X 21-1 


ITonce it appears that in this series of liquid hydrocarbons, the specific volumes 
at the boiling points differ by about » x 22 for a difference in the formulro of 
n CH^ 


Hydrocarbon O’H”. 

The only hydrocarbon of the soripc containing 7 at. c»rl)on is motbyl-bcnscnc 
or tolaone, C*H‘(CH*b To the modes of formation of tliis bo<ly already mentioned 
(v. 831) must beaddea: «. The passing of the vajKmr of ethyl-benzoiio through a 
nni-hot tube, naphthalene, and its hydride, l>eing formed at the same 

time (Bertholot, Zeitschr.f. Chem. [2} iv. 689) : 

3C-H‘(C*H‘) - 2C»H* + C»*H> + 3H» 

8C®H‘(C*H») - 2Cm* + + 2H«. 

3. The heating of nitric acid with lime (B^yer, ibid, 119). — y, Thedrydlfetifibttioii 
of the lime-salt of Menhaden oil (p. 278). * * 

Toluene, agitated Irith an alkaline solution of potassium permanganats^ yieldc 
benzoic Mid, and a neutral solid aromatic body, insoluble in water and in alkalis, 
soluble in ether, but no phthalic acid (Berthelot, Bull, 8oc, Chim. [2] vH. 124). 
Heated with 80 of strong hgdrwdic iusid^ it is completely converted into septane, 
C^H'* ; with 20 pte. of the acid it yields propane and clmrcoal : 

C»H« -f 2HI « CH» + C« + H* I* 

(Berthelot, i6id. 93). Treated with hydriodide of pkosf^inet PH* . Sf, it takes up 
2 at H, and is converted into methyl-benzoione, C»H‘*(»ieyer, ZeUsehr.f. Chem. [2J 
jv. 446). Toluene introduced into tibe stomach is converted into hippurie acid, wbien 
IS found in the urine (Schultsen a. Naunyn, ibid. 29). 

Mesnm/eMImemmum Mouohromotoluene^ C^*Br.€H*, boils, accoidiiig to 
KekuU {Ann. Ch. Piarm. cxxxvii. 198), at 182'6°-18a° (eon. 189®-! 89*9®), and 
hasa sp. gr. of 1*4109 at 22® (referred to water at 0°). Betuyl bromide, 0*H*. ClH*Br, 
boils at 197®-199-9® (cotr. 201*9®-202'9®X and has a sp. gr. of 1'4380 at 22®. 

* From Romao cnmln-oU. 
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According to Beilatein (Ann. CA. PAarm. cxliii. 369), the action of bromine on 
boiling tolucno always produces benzyl bromide more or less mix^ witb bromotoluene ; 
but when toluene is acted upon by bromine in presence of iodine, the only product 
formed, even at the boiling heat, is bromotoluene, which may thus be easily obtained 
pure. Cannizzaro finds (Ann. Ch. PAarm. cxli. 198) that the product formed by the 
action of bromine on toluene at comparatively low temperatures consists of a mixture 
of brcmiotoluene and bonzyl bromide. When toluene, boiling between 110° and 114°, 
is mixed by drops with bromine in a well-crjoled vessel, and the brominated product, 
after washing with water and sodium carbonate, and drying with calcium chloride, is 
distillod, the liquid which passes over between 160° and 190° consists mainly of 
bromotoluene, and that which distils at 190°-200° of benzyl bromide. On these 
observations Fittig (Ann. Ch. PAarm. exlvii. 39) founds a process for obtaining 
pure bromotoluene free from benzyl bromide. Pure toluene contained in a retort 
sbinding in cold water is mixed gradually, and by very small portions, with somewhat 
less than the theoretical quantity of bromine, made to flow into it through a funnel- 
tube ; and the mixture, after standing for 12 hours, is washed with soda-ley aijd 
water, dried over ciilcium-chlorido, and distilled, the portion which goes over between 
178° and 181° being collected apart. The bromotoluene thus obtained is freed from 
liydrobromic acid, by blowing a stream of air over it while it is briskly agitated ; and 
by a second distillation, a colourless litjuid is obtained which boils between 179° and 
180°, gives otf vapours which do not at all irritate the eyes, and solidifies completely 
in a freezing mixture. 

MoTiohromoiotmne exhibits two modificiitions besides the metameric compound 
benzyl bromide, C^IP . CIl-^Br, viz. orthohromotolmne (1,2), which is fluid at 
ordinary temperatures, and (1, 4), which is crystalline. Ordinary 

licjuid brornotolueno, obtained by the processes above described, consists mainly 
of the solid modification hold in solution by a small quantity of the liquid. It 
may bo made to 8<didify by treating it with fuming sulphuric acid j the portion 
not a<tiick(^d by tlio acid then solidifies on slight c(X)ling, in crystals, which molt at 
28°-2U°. Again, if ordinary bromotoluene bo freed from Ijonzyl bromide by treatment 
with alcoholic ammonium sulphide and subse<juont distillation, the portions distilling 
at 178°-179°, 181°, and 182° being perfectly dried and then cooled, and the crystals 
wliich sepnrato bo taken out of the still liquid portion and dried on bibulous paper, 
they will then no longer molt at the ordinary tomporaturo of a room, but only at 
28°~29° (lUibner a, Wullach, Zeitschr. f. Chem. [2] v. 22, 138, 409), 

rarabroiuoti)luenG forms sliining, rather hard crystals, belonging to the rhombic 
system, molting at 2S’5°, and boiling at 181°-183°. By oxidation with chromic acid 
it is convertoil into parahromohenzoic acid, melting at a temperature above 230°. By 
converting it Into nitro])roin(>tdluono, reducing this compound to bromotoluidine with 
tin and hydnwhloric acid, and treating this base with sodium-amalgam, toluidine 
is obtained, boiling at 196° and remaining fluid at ~21° ( identical with Rosenstiehl’s 
pseudo-toluidino). 

'fho liquid bromotoluono, separated from the crystallised modification by pressure 
between cooled motullic plates, likewise boils at 181°-183°, but deposits only a few 
crystals at —20° (Kosenstiehl a, Nikiforoff, Zeitschr. [2] v. 635). Wroblevsky 
(ih'ul. 322) obtaitis this same nullification of bromotoluene by converting, nitrate of 
bromotoluidine, by Griess’s process, into the corresponding diazo-compound (v. 867), 
an<l decomposing the sulphate of this base with absolute alcohol. The bromotoluene 
thus obtained is a colourless liquid, having a faint odour and boiling At 182°. By 
oxidation with chromic acid it is converted into orthobroinobcnzoic aeid, melting at 
153°, and identical with that which is obtained from ordinary benzoic acid : hence 
the liquid bromotoluene is orthobromotoliieno (1,2). 

A mixture of ethyl chlorocarbonato and sodium-amalgam acta upon bromotoluene 
in the same manner as on bromobonzone (p. 263), fonning ethyl toluato, C*H^(C2H‘)0*, 
Benzyl- bromide ti‘eate<l in like manner yields the ethylic ether of an aromatic acid, 
C'^li‘^0*, which appears to be formo<l by the union of two benzyl groups (Wurtz, 
ZeUscAr. /. Chem. [2] v. 386). 

Dihromotalucne, C’H*Br* = C*Il*Br*.CII‘, is formed by the action of bromine in 
excess on toluene at ortlinary temperatures— but only in small quantity, even after a 
considerable time — and sep.aratcs in crystals from the portion of the product of 
higher boiling point. It crystallises from alcohol in long colourless needles, melt- 
ing at 107°-108°; boils without decomposition at about 246°; and dissolves easily 
in hot, less easily in cold alcohol. It is not attacked by alcoholic potash, or by a 
mixture of potasaiiim dichromate and sulphuric acid (Fittig). 

Another modification of dibromotoluene is obtained by direct biomination of 
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orthobromotoluene. I remains liquid at —20°, boils without decomposition at 236°, 
has a sp.’gr, of 1*8127 at 19°, dissolves easily in alcohol, is not oxiaisod by chromic 
acid (Wroblevsky, Zeitschr. f. Chcm. j 2] vi. 239). 

Benzylene Bromide^ C*H^. CIlBr*, metameric with the proccxling', is obtainwi by 
gradually atlding phosphorus pentabromide to benzoic aklehyile, OIP.CHO, and 
digesting the prcHiuct for a few hours in the water-buth with excess of the pentiv- 
bromido; puriHed by washing with aqueous poUvsh and with a stnmg solution of 
B^xlium bisulphite, then drying, and distilling in a vacuum. It is a strongly 
refracting liquid, which becomes rod on oxp<^>suro to liglit ; very soluble in alcohol 
and ether, insolublo in water. Ih'composod by distillation under ordinary pressure, 
but distils between 130° and 140° under a pressure of 20 mm. Docomposetl by 
80 <iium at about 180°, yielding toluene and a black rt^sinons residue, which when 
distillcxl in a current of steam, solidifies t>o a crystalline mass of benzyl, 
(Michaeison a, Lippmann, Bull. Soc. Ckim. [2| iv. 2oI). 

ClUorotolaeiies. Ortho7notwchlvr{dolnnu'^(y\VC\ is obtained from chlori- 

nated orthoUduidine (see Toi.cidinks) by converting the lat U>r, by Oriosss process, first 
into nitrate, then into sulphate of diaz«M*)dor»)t<»lnene, and boiling this sulphate with 
alcohol. It is a colourless licpitd. which boils at lo6° and is conv«M*tcd by oxidation 
into orthochloroben zoic acid (Wroblowsky, Zritsrhr. J\ ('hf'm. [2] v. 460). Parav\(mO' 
ch^oroioltu'ne^ C^H^CIIl*. Oil’, ainl the meUimoric body Ucn::yi vhloride^ C“11*.C1I*C1, 
arc described in vol. v. pp. 863, 864. 

Of the three dichlorinatcd toluenes, C^II^Cl*, 

C«H>C1^ OH* CTI^Cl .CH*01 CMl'. CHOI* 

Bichlorotolueno Clilorolicnzyl IloTizylono 

chloride chloride, 

the second and thirfl are also descrilnyl in vol. v. pp. 864, 86*5. The following 
additional observations are by BeilsUdn a. (leitncr (JuArrsO. 1866, p. 600) and 
Neuhof (Zcitschr. f. Chem. [2J ii. 663 ; jahresh. 1866, p. 597). 

1. Dichlorotoluene, C*l£*Cl-' , CJl*, is obtained (b>gother with m on ocb loro toluene) 
by passing chlorine into toluene mixwl wiih icnline. It is li<juid, boils at 196° 
(Beilstein a. Geitnor), 197*^-199° (Ncuhof), and rebiins its two chlorino-aloms with 
equal force. By oxidation with chromic acid, it is convert wl into jmradichlorobenzoto 
(dichloro<lracylic) acid : 

C«IPC1*.CIH + 0* = IPO + C«IPCl’.COm. 

2. ChloTohenzyl chloride, C*IP(’l .CIPCI, is produced by the action of chlorine on 
nionochlorotoluene at tlm boiling heat, or by the action of chlorine in the cold, in 
presence of iodine, on benzyl chloride. It IkuIs at 212°-214°, gives up one of its 
ehlorino-atoms more easily than tlic other, ami is acconlingly converted by oxidation into 
paramonochlorobmzoic (chlor<Klnicylic) acid (Nouhof) : 

C^H^Cl.CIPCl + O* = HCl + CTI'Cl.COni. 

By lx>iling with alcoholic solution o^^ p<;tjissium sulphyrlnite, it is converted into 
an oily mercaptan whicli crystallises from alcohol : 

CH’Cl.CU^Cl + KHS = KCl + C^IPCl . CIPSII. 

Boiled with alcoholic potassium cyanide, it yields the amide of alpha* toluic acid : 
C«II'Cl.CH*Cl 4- KCN + IPO =. KCl + CUPCl.COU^N. 

Hcatetl with the solution of potassium cyanide in a scaled tube, it yields the niirilt 
of alpha-toluic acid (Ncuhof). 

3. B^nzylene chloride, Chlorohenzol, or Bitter almond oil chloride, C*IP,CHCI*, is 
pr<xluc^ by passing chlorine into benzyl chloride at the boiling heat, or (i. 866) by 
the action of phosphorus pcntachloride on bitter almond oil. 

Of the Irichlorinaied compound C^H^Cl®, there are four possible modifica- 
tions, depending on the distribution of the chlorine-atoms between the principal and 
lateral chains : viz., 

Trichlorotolueno, C*lI*Cl*.CH* boiling at 236°. 


Ben»jtrichloride, 

C*tt».CCl»* 

«> 

214°. 

Pichlorobenzyl- / 
chloride, ) 

C*H»CP.CH»C1, 

It 

241®. 

Chlorbenzjlene- f 
chloride, ( 

0^«Cl*CHa*, 

If 

234®. 


and third may also admit of farther modifications depending on the lelatiTW 
pwtions of the chlorine-atoms in the principal chain. 

The second and third of the abore compounds are deecribed in toh t. p. Wk 
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They have been further studied, together with the other two, byBoilstein a. Kuhlberg 
(Ann. Ch. Pharm. cxlvi. 317). 1. 7'richloroioluene, is easily obtained 

by passing chlorine int/) toluene mixed with iodine, till 100 pts, by weight of the 
toluene have increased to 215‘6 pts. According to Limpricht (Ann. Ch. Pharm. 
cxxxix, 303), it is also found, together with benzotrichloride, and probably also with 
the other two modificati(>ris above mentioned, in the product resulting from the 
action of chlorine alone upfjn toluene, and separates in crystals when the portion of 
the chlorinated prrKluct which boils at 230*^-240® is exposed to a low temperature. 
■When rocrystallised from ether it forms long vitreous prisms which melt and solidify 
again at 73® to 76® : boils without decomposition at 237®, and is not altered by 
prolonged heating with water U) 200°-220® (Limpricht). By oxidation with chromic 
iwiid it is eonverled into paratrichlorobonzoic (trichlorodracylic) acid (Janasch 
Jahreah. 1867, p. 660). — 2. Dichlvrobemyl-chloTide, C®1I’CP,CH'-'C1, is obtained by 
passing chlorine into benzyl chloride, C*II‘. CH'-'Ul, mixed with iodine, or more readily 
by treating dichlorotoluone, 0«11»CIL CI1\ with chlorine at the boiling heat. It boils 
without decomposition at 241°, and contjiins a loosely combined chlorine-atom, 
replaceable by double decomposition ; thus when heated with an alcoholic solution of 
potassium acoUito, it yields potassium chloride and paradichlorobonzyl acetate 
(lloilst^^n a. Kuhlberg). — 3. Cklorohcnzylene chloride (chlori- 
nated bitter almond oil), . CIICl'^ is pnKlucod when chlorine is passed into 

benzylene cbloriilo (chlorobenzol or chloride of bitter almond oil) mixed wth iodine, 
or more readily by the action of chlorine on monochlorotoluene, C^H^CLCH*, at the 
boiling heat (Builstoin a. Kuhlberg); also by the action of phosphorus pentachloride 
on dichlonKjresol, C*lIXOH). CHLl^ (L. Henry, ZHtschr. /. Ch(m. [21 v. 371). Boils 
at 234® (B. and K.) ; at 227°-230°, and has a sp. gr. of 1-4 at 9° (Henry). It is 
decomposed by water at 170°, with formation of parachlorobonzoic aldehyde, 
C*H*C1.(;H0 (chlorosalicylol, according to Henry), and is oxidised by chromic acid to 
parachlorobonzoic acid, C*H*Cl.CO“H (Beilsteiu a. Kuhlberg). — 4, Penzotrichloride^ 
CMH.CCl*, is easily obtained quite pure bypassing chlorine into boiling toluene as 
long as the product continues U) increase in weight (100 pts. toluene take up 
1 12 3 pts. chlorine). It boils constantly at 213°— 214°, and is decomposed by water at 
130°, with formation of beniJoic acid ; 


CHP.CCB -t 21PO = 3HC1 + C«H».COnO. 

limiBoic acid is also formed, top^tln^r with chlorobonzoic acid as a sccondaTW product 
when benzotrichloride is oxidised by chromic acid (Beilstein a. Kuhlberg). NUro*- 
bei^otrichloride, C«HXNO'^).ClJP, appears to bo formed by the action of fuming nitric 
acid on benzotrichloride, but is immediaUdy decomposed by water into hydrochloric 
and nitrolwnzoic acids. NitroUnzylcne chloride, O*H\N0'-*). CHCP, is formed on 
dropping benzylene chloride (chlorobenzol), prepared from bitter almond oil, into 
fuming nitric acid, as a heavy oil which cannot be obtained in the pure state; by 
oxidation with cliromic acid it is converted into nitrobenzoic acid (Beilstein a 
Kuhlberg). ' 

Tetrachloryxated Toluenes. CHHCP.— This formula includes four possible 
modifications, viz., ^ 


mioivcip 

Tctracliorotoluono. 


C^IPOB.CH^Cl 

T rich lorolwnzy 1 
chloride. 


c«n*ci».CHCi» 

I>ichlorDbe;izjlciie 
chloride. 


OH^CJl.CCH* 

Monochloroben so- 
trichloride. 


The first and fourth of these bodies, mentiono<i in vol. v. p. 856, have lately been 

Beilstein b. Kuhlberg (Zeitschr. / 

is formed by the prolonged action of chlorine 
QAo XKlino, 100 pts. toluene increasing thereby in weight to 

‘ 1 fractioimi distillation and purified by ciystallisation 

without decomposition at 270° ; meltu 
fimrT? ^ upon by fuming nitric acid.--2. li^h/orvhenzyl chloride, 

tridilorotoluene with chlorine at the 
boiling Hmt, 100 P^. taking up 17 6 pts. chlorine. It is a liquid boiling without 
decomposition at 273 ; one of ita chlonne-atoms is easily replaced by double 
decomposition; thus when boiled with alcoholic potassium ^letate, it easily yields 

I>'^hlorvhxfuylene chloride, 

K of chlorine on dichlorotoluene at the boiling 

h^^ 100 pts. iner^sing in weight by 43 pts. Liquid ; boils without deoompomtion 7t 
r Li^^' chlonne-atoms; thus when heated withwater in 
a sealed tube it yields hyilrochlonc acid, and a substance capable of uniting with acid 
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Eodium inljphite, eridently the aldehyde of paradichlorobenzoic acid. By oxidation 
with chromic acid, it yields paradicklorobeneinc acid : 

C*H*CI*.CHC1* + 0 + H^O = 21IC1 + C«IPC1* . CO H. 

4 . Monochloro’hcnsrotrichl&rule^ C*ll*C/l . CCl*, obtaituxi by passing chlorine into 
bonzotrichlorido, is a liquid boiling without dccoTnyH>8ition at 246°. Whon hcaUni 
with water to 190°, it is completely rt*soIvtxl into hyiin>chlopic acid and parachhro- 
benzoic acicl^ showing that the three chlorine-atonm in tlio methyl of tlie toluene 
molecule liavo exerttxl no influonco on the position of the chlorine in the phenyl ; 

0*11*01. CCl> + 2H‘0 31101 + C*'H*C1.00"I1. 

Fenfachlorinaied Toluenes . — The empirical fornmhi likewise admits 

of four moditications, viz,, 

C*CP.CH* C*HC1* . 011=01 ('«lI-0P.(dl(n= OIPOP. OOP 

Pcntachloro- Tetnubloro-benzyl Trichloro-!mi?,>loiio DlchloU'nzotrl- 
t4»luene. chloruio. chloriilo. eliluritle. 

1. Pctachlorotohicne, C®CP . OH*, is prepared bypassing chlorine into toluene mixed 
with i<Klino as long as it is absorbed, the ahs{>rjiti<tn beirig nit imately assisted by a 
gentle heat; then fractionating; and purifying the pirtioii wliieh boils at about 
300° by washing with cold earlsm bisulj)hide (which dissolves totrachlorotoluono 
aasily, but pentiudilorotolueno with ditlieulty), and recrvstnllising from benzono. 
Cry.stallises in shining white slender netxlles ; melts at 218°, and boils nt about 300°. 
Very stable, not being acted on by fuming nitric acid at boiling heat. — 2. Tefra- 
chl(>rnbcnzyl chloride, C*HCP. 011=01, is producisl by treating tel rachlorobduene with 
chlorine at the boiling heat, 100 pis. iricroasing in weight by 16 pts. It is a liquid, 
lM>iling without decomposition at 20(>°-207°, and easily exchanging one of its chlorine- 
atoms, yielding, for example, totrachlorohcnzyl ac<‘tale when lioatcul with alcoholic 
poUi.ssium acoUto. Troat^ at its boiling heat with chlorine, it is convertrjd into 
pcntachlorobenzono, C*IICP (Beilstein a. Knhlberg, Zntschr, f. Chem. J^2] 
V. 627). — 3. Trichlorobenzylenc chloride, C^lIH'P. Oil 01=, is prepared by treating 
trioblorotoluene with chbu'inoat the boiling heat, 100 j»ts. taking up 36 pts. I/iquid, 
boiling without decomposition nt 286°. — 4. Vichlorobenzufru'hloride, OIPOP.CCP, is 
pnahieod by passing chlorine into benzotrichloride at tln» boiling heat as long ns it is 
absorbtsJ. It is a liquid, boiling without decomposition at 277°, n,nd easily exchanging 
three, of its chlorine-abmis : thus when heated with water it yields paradichlorobenzoic 
acid (Beilstein a. Kuhlberg, Zeitsckr.f. Chem. [2] iv. 277). 

Ilexchlorinaicd Toluenes (Beilstein a. Kuhlberg, UfiJ.. 661). — The formula 
CH1=CP admits of the three following inodiilcati<mH ; 

c«cp . CH’Ci c*iu;p . ciicp c*ipcp . ccp 

Fontachlorobcnzyl Tetrachlorobenzylcne Trichlerotx'nzotri- 

ohloride. chloride. chloride. 

1. VeniacMorohenzyl chloride, CPC) *. 011=01, is prepared bypassing chlorine into 
benzyl chloride, C*H*. 011=01, mixed with ifxline, as long as it continues to increase in 
weight, washing the product with potash, then adding a few grams of antimony 
trichlorido, and Anally passing chlorine into the moderately heatod mixture as long as 
it continues to be absorbed. The antimony chloride is then removed by washing 
with strong hydrochloric acid, and the expressed pixxluct is purifietl by rocrystallisa- 
tion from alcohol and benzoL It is also produced by the nredonged action of chlorino 
on pentachlorotoluoneat the boiling heat. Crystallises in white shining slender needles ; 
melts at 107°-109°; boils without decomposition nt about 326°; dissolves sparing]^ 
in absolute alcohol, easily in benzol. By alcf»holic j;K)taHsium acetate nt 200°, it if 
converted into perUachlorobenzyl alcohol, C*C1*.CH=0H. Decompfjsed also by an 
alcoholic solution of hydropotassic sulphide. 

2. Tetreuddorohen^lene chloride, C*HC1*. CHCP, is obtained by pnasing chlorine into 
tetrachlorotoluene, CpHCP.CH*, at the boiling hejit, as long as it continues to bf 
ab^jrbed, and purified by fractional distillation. It is a liquid of ep. gr. 1*704 at 
boiling without dooompc«ition nt 306°-306°. By heating with water to 280°» it if 
resolved into hydrochloric acid and IMrachlorohenzaldehyde : 

CPHCl*.CHCl» + H*0 « 2HC1 + (PHCP.CHO. 

3. Tri^klor(d)eHzo^tricJdorids, C*H*CI*.CC1*, prepared in like nmnner from trichloro- 
tolueno, forma oolourleaa, highly lustrous neeales, soluble in alenhol ; boils at 
297°~298^; melts at 82°, and solidifies to a mass exhibiting patterns like frost- 
ttysUU. Heated with water to 250O-260°, it is easily cdhveited into pareUtkht&ro-^ 
hmxoic acidi 

0*H*a*.CCl* + 2H»0 - 3HCI + C«H*Cl*.C0*H. 
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In the preparation of the compound . CCl* there is likewise obtained a 

liquid boiling at 240®-250®, and depositing crystals which melt only at 139® These 
crystals, which dissolve with difficulty both in absolute alcohol and in a mixture 
of alcohol and I enzeno, consist of tetrachlorobenzene, C*II*C1< (Beilstein a. 
Kiihlborg, Zeitachr. J\ Che a. [2] v. 529). 

Heptachlorotoluenes (Keilstoin a. Kuhiberg, Z^Uschr.f, Chem, [2] v. 75). The 

formula C*HC1' admits of only two modifications, viz., 


CTrCl«.CCl’ and C^CP.CHCl*. 

Te(rachlorO‘hemotrichloride, C*IIC1^ . CCP, is formed by the action of chlorine on 
tetmcliNirotolueno at the boiling heat. It is not pi^ssiblo, however, to convert the 
whole of the totrachlorotolueno into tlio hoptachlorinated compound, the product boini? 
a mixture of 0»HC1^ CH'^CI, C«‘lICl^CHC'l^ and C«H€1^CI^ which may be approxi- 
mately separated by fractional distillation. The portions boiling between 310° and 
320° sfdidify after a while ; they arc freed from adhering oil (consisting of the penta- 
and hex-chlorinated comp^mnds just mentioned) and purifi(yl by crystallisation from 
alcohol. 

Totrachloro'bonzotrichlnrido thus obudnod forms dazzling white crystals ; from 
alcoholic solution it separates liy rapid co«)ling in sliort needles ; by slow cooling in 
lamince Boils with slight decomposition at 310° ; molts at 104°. M^Klorately soluble 
in hot, slightly in cold absolute alcohol. By heating with water to 270°, it is slowly 
resolved into hydrwhloric and para-totrachlorobonzoic acids : 

C«HCl<.CCB + 2IP() = 31101 + CHOIOCO^II. 

It is not acted upon by bromine, or under tlic ordinary pressure by antimonic chloride. 

Pentachlorv^hrnzpUne chJoride, C‘CB.CHCP, is not formed by the action of chlorine 
on pcnUchlorotoIueno at the boiling heat, but may be prepared by treating benzyleno 
chloride, C*IP.CHCB, with chlorine in prosonco of i<><lino, as long as absorption goes 
on^ ultimately with the assisOineo of antimonic chloride, which, however, must not bo 
abided till every trace of iodine has been removed. The washed product is distilled, 
and the rod distillate is waslKMl with aciueous potash and again distilled till a colourless 
distillate is obtained, whicli is again Uy ho mixed with antimonic chloride and 
treato<l with chlorine as long ns that gas is absorbed. The antimony chloride is tlien 
removcKl with hydrochloric acid ; the liquid distilleil ; the distillate mixed with a largo 
excess of antimonic chloride and slowly redistilled ; and the pK^)rtions which go over 
after the antimdnic chloride are washed with hydrochloric acid, and then rci>oatedly 
boiled with alcohol of 80 p. c., which dissolves the compound C*CP.CHCl*, and 
loaves undissolved another heptachlorinated compound, to bo presently noticed, ’ The 
cr^sUils which separate from the alc^diolic solution are purific<l by repeated crystal- 
lisation from alcohol, whereby the compound C«CB.CHCl*is obUdned in dazzling 
white, flat, elongated or triangularly acuminjiti*d laminm. It molts at 109°-110®, 
boils constantly and without decompasition at 333°-335° ; is not altered by hoatine 
with water to 300°, or by bromine. 


by decomposing sulphate of diazotohicne 
^.* 7 ^, pwxiuct with potashdey and water, and subsequent 
mstitlation. Iho lodoUduonc thus prepared from diazotoluene obtained by the action 
ot nitrous acid on ordinary t^luidino, forms shining laminae, melting at 35°, Isnling 
without decomposition at 2115®, subliming at ordinary temperatures, and converted 
by oxidation with chromic acid into para-io<lobenz«uc acid ; hence it consists of para- 
lodotoluone (W. Kornor. ByV. Acad, Brig. 1867, p. 157; Jahreah, 1867, p 665) ; 
but the ifxlotolueno obtained in like manner from the diazotoluene produced from 
Kiwonstiehl s psoudotohiidine is liquid at onlinary temperatures, and is converted by 
oxKUtion with chromic^^id mixture int<3 ortho-iixlobonzoic acid : hence it consists of 
ortho-iodotoluene (Kornor, Ztitschr. / Chem. [2] v. 636), 

C*H*(NO»).CIP, was originally obtained lui ^ 
a liquid (i. 674); but Jnworsky (v. 858) and Kekul6 {ZeUschr. /. Chem, 121 iii. 22M 
hare aho^ that when this liquid nitrotolueno (prepared by the action of f um ing 
nitnc acid on coal-tar toluene) is sul>:ccted to fractional distillation, the greater part 
pMses over from 220 -225°, and only the portion boiling above 233® yields pur© 
mtrotoluene, which boils at 237°-238° and solidifies in well-defined crystals mel^ 
at 54 . On the oUier hand, Beilstein a. Kuhiberg have shown that by heating dinitro* 
toluene (i 676) with hyyWn, or by boiling sulphate of paradiaxonitrotolwna with 
absolute alcohol, a liquid mononitrotoluene is obuined which doe# not solidifr and 
that the product commonly cklled nitrotoluene is a mixture of this liquid nitrotoluena 
with the solid mollification. When nitrotoluene is prepared by ad^ng nitric acid 
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(sp. gr. 1‘476) to eooled toluQn«, and the product is subiected to fractional distillation 
at interrals of 2®, we obtain, after fifteen to twenty distillations, two portions, one 
boiling between 222® and 223®, the other between 235® and 236®, the portions of 
intermediate boiling point being quite insignificant. That which passes over above 280® 
solidifies for the most part very quickly by separation of solid nitrotoluene ; the 
portion of lower boiling pr^int does not solidify. The liquid nitrotoluene obtained in 
the manner just describe is identical in physical and chemical properties with that 
obtained from dinitrotolueno ; prepared in either way it boils at 222®-223®, and has a 
specific gravity of ri62-l*163 at 23®. The sulpho-acids, toluidines and acetotoluide^ 
prepared from liquid nitrotoluene obUvined in either way, likewise agree in their 
properties, but differ widely from the corresponding derivatives of solid nitrotolume. 
For example, toluidine obtained from liquid nitrotoluene is also a liquid which does 
not solidify, and boils at 199°, whereas toluidine from solid nitrotoluene is crystalline, 
melts at 45®, and boils at 200° {Zeiischr./. Chem. [2] v. 621). 

Ammonium $ulphiie acts on nitrotoluene in the same manner as on nitrobensene 
(p, 268), forming disulphuryl-toluylic acid, C^U'^NSW (Carius, JaAre#6. 1861, 
p. 635). 

Nitrobenzyl chloride^ C'*II*{N0*).C1I*C1, pi^xluced by dissolving benzyl 
cldorido in fuming nitric acid, and freed ftrora an oily body formed at the same time, 
by pressure and rocrystalUsatiou from alcohol, forms laminar crystals molting at 71®. 
lly oxidation with chromic acid it is easily converted into paranitrobenzoic acid 
(Boilstein a. Goitnor, Ch. Pharm, cxxxix. 331). According to Grimaux (i!?u//. 

Soc. Chitn. [2] \nii. 433), this compound melts at 73°, remains liquid till coole<i to 
60°, and then solidifies suddenly when touchcxl, the temperature rising to 69®. 

with alcoholic solution of pf)tussiuni ucotiito, it is converted into nitrobonzyl 
acetate, CTI^NO-*) . which dissolves sparingly in boiling water, easily 
in alcohol and etlior, and crystallises thorefnjm in thin shining lamtnse, melting at 
85°. Benzyl acoUvto trojvted witli fuming nitric acid yields a thick oil from which a 
white solid bcxly may be separated. 


Reduction-derivatives of Nitrotoluene, 

Amtdotolaene. C®II\NH*) . CH*. — See Toluidine (v. 866, and in this volumo). 

X>laxotolueiaie. C’lPN*. — See Azotoluidinu (v. 867). 

Aaotoluane* Azotoluol. Azotoluid (Werigo, 2^tschr. Ch.Pharm, 1664, 

pp. 481, 721 ; Jaworsky, it/id. 640). — Ihvxluced by the action of sodium-amalgam on 
niJrfjtolueno dissolved in aqueous alcohol. On acidulating with acetic acid and 
removing the unaltered nitrotoluene by distillation, the azotoluene remains as a soft 
mass, which, after washing with cold and rocrystallisation from hot alcohol, 
is obUvined in shining omnge-red needles. It molts at 137®, sublimes without 
decomposition, is insoluble in water, dilute acids and alkalis, but dissolves in strong 
sulphuric acid, and is proclpitate4l therefrom by water. By the further action of 
Sodium-amalgam, it is converted into hydrazotoluone, C‘*H**N*. 

Azotoluono, like azobonzono, unites directly with bromine, forming the compound 
C'^Il'^N’Br* ; but when bromine is added to a solution of azotoluene (such as thiit 
ohtainotl in iu prepjiration), a crystalline precipitate is formotl, which after recrystal« 
liwition, with addition of animal cliarcoal, forms white shining laminae. This body 
InvH tho composition C'*H**N*Br*, and has one half of its bromine more intimately 
Combined tlian the other half. It may bo reganled as the Utrakydrobromide of hydrazo- 
toluene, 4HBr, or as the di hydrobromide of the diamine C'*H'*Br*N*. It 

dismdves in water and in alcohol, but not in ether; sublimes without residue in white 
newUes; decomposes above 100°, with formation of red vapours; reacts strongly 
ftcid in aqueous solution ; and forms with ammonia or soda a precipitate eoluble in 
excess of the reagent. With chlorine, azotoluene forms the analogous compound 
C**H*N*C1*. 

hot concentrated aqueous solution of the bromine-compound C*^H**K^r* 
▼ith a quantity of silver nitrate equivalent to half the bromine, the solution, after 
removal of the precipitated silver bromide, yields long needle-shaped ery&lale, soluble 
alcohol, but not in ether, and consisting of the nitrate C**H'*Br*N*. 
2^0*H. The aqueous solution of the bromine-compound C**H"N*Br* forms witti 
caustic soda a white ei^stalline precipitate, which, after repfedpiCation ftom aleoholie 
solution by water, forms long colourless needles, easily soluble in alodbol and ether, 
“hghtly in water. This compound is neutral, melts at 67'6®, and consiats of 
(Werigo, ZeUee&r, /. Ckem, 1865, p. 681 ; 1866, p. IM ; Jakredb. 1866* 

P. 465). 

N^traeotdmence , — Nitric arid of sp. gr. 1*5, gradually added to cooled aaotoliiciiek 
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converts it almost wholly into mononitptotoluene, C»H"(NO*)N* which^tallises 
Itom alcohol in two forms-first ill redUish needles melting at 67°, afterwards in small 
yellow crystals melting at 63“ When, on the other hand, crystals of aaotoluene ere 
gradually added to strong nitric acid without cooling, two other bodies are formed, 
viz. : (1) 'rrinitrazoiolume, C'ni**(NO'^)W, which dissolves with moderate facility in 
hot alcohol, and separates on cooling in thin yellow needier sparingly soluble in ether, 
and melting at about 1 85° — (2) Trinitrazoxytoluene, C'<H”(NO‘^)»N2q, nearly insoluble 
in alwhol, but soluble in nitric acid and in benzol, and separating therefrom in 
sulphur-yellow crystals melting at 201°, and decomposing at a higher temperature 
with explosion and sepiration of charcoal (Petrieflf, Zeitschr. f. Chem. [2] vi. 261). 

Amoxytolnene, is obtained, together with azotoluene, by the action of 

sodium-amalgam on nitrotoluorio in alcoholic solution, and separates from the 
alcoholic mother-liquor in the form of a red oil (Jaworsky, Jahresb. 1864, p. 627). 
PotriefF {Zeiisehr. /. Chem. [2] vi. 30) has more recently obtained it in rod crystalline 
lamiiiae molting at 67°, more soluble in alcohol than azotolueno, and therefore 
remaining in the mother-liqufir after the latter has separated. By the further action 
of sodium-amalgam it is reduced to hydrazotoluono, 


SuLimO-DEttlVATlVES OF ToLUENB. 

Toluene-sulplmrlo iLcld. C^H^.SO^II (Kiigelhardt a. Latschinoff, Z^iischr. f, 
Chem. Y. 617). — Toluene heated with sulphuric acid yields two isomeric sulpho- 
acids. To prepare them, 600 grms. of pure toluene are heated for two days in the 
water-bath with an equal volume of fuming sulphuric acid ; the resulting mass is 
dissolved in water and neiiU’alised with lime ; the filtered solution is freed fmm 
excess of sulphuric acid by barium hydrate ; the excess of lime and baryta precipitatwl 
by carbonic acid ; tlio filtered solution docoin posed by potassium carbonate ; and the 
solution of the potJissium salts concentrated by evaporation. This solution, not too 
concentrate<l, deposits on slow cooling two potassium salts, a and J8, sViarply distin- 
guished from one another by their crystaliino forms ; the former separat ing in largo 
jTrismatic crystils ; the latter, which is the more soluble of the two, in louse no<lular 
groups of slender iumhIU^h. They crystallise together, but may bo mechanically 
separated by a sieve, the a salt nunainiiig thcrcMui, while the /3 salt passes through 
with the mother-liquor. The a salt is easily purified by recrystallisation from water ; 
but the /9 salt can only bo approx I matily purified by scvonvl crystallisations, first 
from water, al'torwartls from alcohol, '’i’o prepare the other salts of these two acids, 
the potassium salts are decompose*! by sulphuric acid, aiul the separated acids are 
dissolved out by alcohol and neutralised with barium carbonate, &c. 

a Toluene-sulphates.— The salt O' IFSO^K . ll’^O dissolves easily 

in hot water, and crysbiHisos by slow c<H)litig of the mrKlerately concontratoil solution, 
in boHutifiil elongated, six-sidcMl tables, or long prisms resembling saltpetre; from 
highly concentrated solvitions in long neeillcs. It is soluble in hot alcohol, and 
cryst^jvUisea therefrom in needles. The crysUils effloresce in the air. The sodium salt 
crystivllises from alcoliol in sliiiiing lamiiue. The barium salt (0Uf^80‘‘)’‘‘Ba is easily 
Bt>luble ill boiling water, ami crystallises on cooling in shining laminm. The calcium 
salt crystjillises from alcohol in needles. 

Toluene-sHlj>hate.'t.~-Tho polas,siu7nsalt 2CTT . 3H-0 is very soluble 

in water and in boiling alcohol, and cryatallises from the former in nrstular groups of 
slender needles, from tlie bitter in shining lamina;. The barium .^aft ((’*lI^O*)*Ba . 11*0 
is easily soluble iu boiling water and crystallises in white nodules. 

OR'i'OHUoMo’no.uKNK-siJLrjunjc ACiij, .80*11, is produced by heating 

toluene bisulphoxido with excess of bromine in seaUxl tubes and remains on 
©Taporation as a yellow mass. Its barium siilt, (t’*H*C^Il"Ur8(>*)*Ba. 211*0, forms 
boaiitiful laminae, very slightly soluble in wator, and sustaining a heat of 200°, without 
d©comm)sition (Otto, Lbwenthal a. Gruber, Zeit^chr. [2] iv. G26). The calcium salt 
(C*H*CH*Br80*)*0a . 311*0 crystallises from water in slender noodles, which have a 
great tendency to creep over the si<les of the vcs.'^el. \Vlu n slowly crystallised from 
alwhol or water it forms thick, often crosseil neeolles, having a silky lustro (Hiibner 
a. Wallach, ibid. 602). 

MKTAimoMOTOLUKjrR-aui.PHuitic Aoit>. C^irBrCBP.SO'IL — Iliibner a. Wallach 
{Zeitschr. f. Chem. [2] v. 600) dt>scril>c two mollifications of this acid — the one 
obtained from fluid, the other from crystallised bromiiloLuene ; they may be distin- 
guished by the prefixes jf and e. 

f Metahromotoluene-sulpkuric acid is easily producoti by dissolving liquid brmnO" 
toluoue iu fuming sulphuric acid; it salts ciostolLiso well; the cakisim sati 
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(C’H*BrSC)*)*Ca . 1 JH*0 in tufts of delicate crystals which give off their water at 
100®. The sodium 9cit C*H*BrSO*Na crystallises from water in nodular groups of 
needles, from alcohol in transparent lamime. The crystals contain water, wliich 
escapes so easily that its amount could not be determined. 

c Metabromololuene-^ulphuric acid, prepared from solid bromotoluone, crystallises 
from water or ether in very small colourless needles or plates, which appetir oblique- 
angled under the microscope. A very cancontrato<l solution of solid bromotolueno in 
fuming sulphuric acid, mixed with a small quantity of water, deposits the acid on 
cooling in small shining lamina*. The tead salt of this acid, (C<*H*JlrCH»SO*)*Pb, 
crj'stallises in furcate groups of long transparent noodles, which in thick layoiti 
appear opaque and exhibit a fine satiny lustre. The sodiu?a salt, crystallised flrom 
alcohol, forms small nee<lles, passing by slower erystallisjition into laigo very thin 
plates ; they also give off their water of crystallisatioa too easily to allow of its 
exivet determination, 

f Metal/romotoluene-sulphochloride, C*H*BrCIP.SO*C!, is protiuced by heating the 
sodium salt of the corn^sponding sulpho-acid with phosphorus penUiohloride. On 
wUling water to the product tlio 8ulphoehlori<lo soparatt's as a ligiit brown fetid oil, 
which does not solidify oven in a freezing mixture. It dissolves easily in alcohol. 

c Meiahromoiolucm sulphockloride from solid bromotoluone, does not differ sensibly 
from tlie compound just tlescribod. 

CHLoiiOTOLUKNE-suLPUURic ACID, C’II*Cl . ,SO*H, IS formed, ns above mentioned, 
by the action of chlorine on toluene bisulphoxide sinspendetl water, and remains 
on cvajKjration ns a colourless syrup, gradually crysUillisiiig over oil of vitriol. The 
barium salt of this acid crystallises in splendid shining flat needles, almost an inch 
long, very sliglitly soluble in cold water, and consisting of (C’H‘*ClSO*)*Ba . 211*0 
(Otto, Ldwenthal a. Gruber). 

1. NiTROTOLUENK-sui.ruumc or Stti.piionitiiotoluoi.ic Acid. C'n“(NO*).SO*H. — 
Tills field has been suppost'd to exhibit two moflifications, acconiingly as it is prepared 
on tlm one hand by the action of sulphuric acid on nitrotolueno (Jaworsky), or on the 
ot.lier by the oxidation of niotabenzylsulphydmte with nitric acid (Mareker), or by tho 
action of fuming nitric acid on toluene-sulphurous acid (Otto); see vol, v. p. 860, 
These acids hfivo been further examined by lOngclhanlt a. Bek (Zeiisekr./. Chem, [2] 

V. 209) with the following results: (1) Tho barium salt of Jaworsky’s acid has tlio 
some composition as that of Mdreker’s acid, viz, [C’]I"(NO*)SO*J'''Ba . 2H*0. This 
salt is si>aringly soluble in cold watcT. — (2) In tho action of nitric acid on toluono- 
siiIt>}iurouH acid, there is obtained, ns principal product, a nitrotolueno-sulphiiric acid, 
not difloring in any cssontiiil particular from tho aciil ubtjiined from nitrotolueno. — 
(.'<) Tho nitro-acid obtained from either source yields, by risluction witli hydrogen 
sulphide, one and tho sarao am idotolue no-sulphuric acid, which is different from tho 
tMo Hulpho-aciiis obtained by the jwtion of sulphuric acid upon toluidine (p. 288). 

( t) Tho action of nitric acid on toluene sulphurous acid likewise yields, as a secondary 
pnsluct, another nitro-acid, which, when ro<luce«l by hydrogen sulphide, yields an 
aniidatod acid ve^ similar to the Wluidiuc-sulphnric ardds just mentioned. Tho 
barium salt of this nitro-acid, which was not obt>iiDe<l pure, remains in solution 
alter the above-mentioned spjvringiy soluble barium salt has crystallised out. 

^itrotolxiene-sulphochloride, C’ll*(NO'-')SO^Cl, prfxlucod by the action of 1 mol. 
pnosphnniB pentachlorido on 1 mol. sodium nitrotoluene-sulphiite, is a yellowish oil, 
insoluble in water, but easily soluble in alcohol and ether, and is decomposed by 
^ith formation of nitrotolueiie-sulphuric acid (Olto a. v. Gruber, 1867, 

l^iirotohume-sidpJiamids or Nitrostdphotohtolamidr, C’H*(N0*)NS0*, produced by 
tho action of ammonia on the sulphochloride, crystallises in four-sided rhombic prisms 
or long ijochIIcs, which melt at 120'^, and dissfdvo readily in hot water and alcohol 
(Otto a. V, Gruber). 

Amidotolukne-suli’hukic acid, r’lI*(Nn*).SO*, is prepared by saturating tba 
s^'lulion of ammonium nitrotoluene-sulphnto in ammonia with bydrrigen sulphide. 

the solution to expel tho excess of ammonium sulphide, mixing tho Altered 
liquid with hydrochloric acid at the Imiling heat, again concentrating, and Altering 
to separate anpr sulphur that may still be present. On cooling, the amidated acid 
in slightly coloured prismatic crystals, which may be purifled hj freotaient 
'*^1 t^harcoal and recrystallisation. Amidotoluene-sulphuric acid is sparingly 

wuublo in cold, more etisily in Ixiiling water, almost insoluble in alcohol, and eiystau 
"lyjs from the aqueous solution b^ slow cooling, in long shining four-sided prisme 
With ond-facee, by rapid cooling in noodles, tho crystals in both oases oontaining 
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C'H'(NH'^)SO* H^O The ac?d decomposes carbonates, and its solutions hare a 
strong? acid reaction.’ Its salts are easily soluble in water and ciystalliee well. On 
fulding silver nitrate to the solution of an amidotoluene-sulphate, and heating to the 
baling point, motallic silver sepanitos, and the solution turns violet. The barium 
tall 2fC'ir*'(NH*)80='j21{a.6II='0 cryshilliscs in beautiful tables; the ca/cium tali 
rC^H*'(NH='jSO^]^Ca. 2II='0, in shining six-sided tables; the potassium salt 
C^H‘‘(NH*)SO*K . II^O is easily soluble in water; the sodium salt C^H“(NH=')SO>Na. 
4H^0 crystallises from a boiling alcoholic solution in shining flat needles. 

Tile ammonium salt of the nitrotolucne-sulphuric acid corresponding to the easily 
soluble barium salt above mentioned, yiehls in like manner by reduction with hydrogen 
sulphide, a small quantity of an amidotolueno-sulphnric acid which ci^stallises in 
rhombic fjibles, and closely resembles /S-sulphotoluidic acid (Engelhardt a. Beck). 

ToLuiiiiNR-suLPHuaic or SoLPiEOTOLUiDic AciT>. C’H^NTSO* (MalyschefT, Zeitschr.f, 
Chem. [2] V. 212). — An acid of this composition (sulphotolylamic acid) was oblainetl 
by Sell (v. 527) by heating toluidino with fuming sulphuric acid, together with 
another jicid which ho regarded as tohiidiue-slisulphuric (benzyldisulidiamic) acid. 
Mitlysclieff has found, howev’er, that the two acids thus obtained are isomeric, both 
haring the composition C’H^'NSO*, and being likewise isomeric with Bek*s ainido- 
toluerio-suiphuric acid. 

In preparing these acids it is of special importance to regulate the heat carefully, 
as if it rises too high, the mass chars, and if the ho.it is insufficient, notliing but 
toluidine sulphate is obtiiincd The pro<luct of the projHrly conducted action is a 
black thick liquid, whicli, wlicn diluted with water and left to itself, deposits a bbick 
crystalline rufiss, to bo decolorised by solution in boiling water and troatmout with 
animal charcoal. The solution Altered at the boiling heat depf)sits on cooling slender 
needles of a-toluidine-sxdphuric add and large woll-<b fiuod rhombic plaUis of 
dinosulphuric acid, wliich may be separ.ited from one anotlicr, first by lovigation — the 
a-Hcid being carried away by the water more easily than the l9-acid — and finally by 
recrystallisation, the a-acid dissolving more readily than the j8-acid when hot water is 
poured upon the mixed crystals of the two. 

a loliiidhie-sidphuric acid, C4l’'N80‘ . HII’O ('air-dried), the acid described by 
Sell, crystallises iu slender light yelhnv nocvllcs, which cannot l>o completely decolorised 
by animal charcoal ; it is iiuKleratoly soluble in cold, more easily in boiling water. 
The l>arium salt 6(C’Il’‘NSO’*)*Ba. 811*0 dissolves easily in boiling water, somc- 
W’hat loss ctisily in cold water, and crystallises fr«»m a hot solution on c<>t)ling in 
beautiful shining plates, which do not give off their w'ator over oil of vitriol. The 
silmr salt C^II'‘N80‘’Ag forms colourless shining lainiiun. The potassium salt 
O’lPNSO^K. 4II'0 crystallises in needles «>r in elongated six-sided plates, very 
soluble in boiling, 8t>me\vlmt less in cold water and alcohol. 

fi Toluidme-aulphuric acid, 0’ll“N8O’ . Il-'O, is formed in larger quantity than the 
a-ucid in the prtn’css above dt scribod. It is very slightly soluble in cold, moderately 
soluble in boiling waUT, and crystalli.sos in fine large shining rhombic plates, which 
are commonly yellowish, but may l>e <leci>l<»ri8cd by animal charcoal. 'J'he aqueous 
solution has an aci<i reactimi and dissolves carbonates, with evt>luti»>n of carbon 
dioxide. The salts of the ;8-acid are ea.sily soluble in water; the solution.s, when 
evaporattni over the W'ater-batli, deco i partially and turn rtsl. On adding si/t'tr 

nilraU to the amnioniacal snluiion of the ^-ncid, ami warming, silver separates in the 
specular form, and tlic liquid acquires a violet-red colour. 

rotassiuni salt, C^Jl^NSO^K, shining six-si<L‘d ianiin®. 

Ammonium „ colourless lamina*. 

liarium „ (( ’ni^NSO^y-Ba . SlIH), sldning lainimc. 

Lead „ (('‘ll'‘NS()^)''Bb, crystalline pow’dor. 

VolueiieHiiilpliiiroiis Acid. 011*80* = — The fullowng additional 

observations on this aci<t have been made hy Ott<» a. v. Grulnir (Ann. Ch. Phami. cxlv. 
10; Jahrtslt. 1867, p. 678). A mixture of this acid with ph«jflpWrua pentachloride in * 
equivalent quantities forma, with violent action, a liquhl mass, which solidifies on 
cooling, and when treafeti with water yields (together with a small quantity of an oily 
product) toluone-sulphochlorido, C0l'8O*Ol, melting after rccrystallisation 
mim etlier at 69^-70®- Tohienc-sulplmrous acid is not acted upon by sodium^ 
amalgam in alkiiline solution ; heate*! with water to 130^, it is resolved into 
oxybenzyldisulphide and toluene sulphuric acid: 

3C^H"SO* * C"H*«S»0* + C’H*SO* + HH), 
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Heated to SOO® with potassium hydrate, it is resolved into potassium sulphite and 
toluene ; ^ 

C’H’KSO* -f KIIO - SO>K* + C’H«. 

From a solution of tohione-sulphurous acid in fuiuinff nitric acid, a comptumd 
C-*H**N*S*0®, cjilltid diazotrisulphotoluene liydrido, is preci pitjitod, whilst 
nitrotoIueno'SuIphuric acid, U’H^(Nt>-)JSO^, rcrnaiiKs in solution. The dijiiJO-coinp<.mnd 
is insoluble in water, slightly soluble in hot alcohol, easily in benzol, and crystallises 
from the latter in white hard rhombic tablets, iiujiling at The same compound 

is poxluoed by the prolongo^l action of iiitrou.s acitl <niun aqueous or alcoholic solution 
of toluene-sulphurous acid, its formation in this latter case lanng j<rcceded by that of 
another azotised bo<.ly of lower melting |5oint., which crystallises out fiisst on cooling. 
The fomnition of diazotrisiilphotolucno hydride is represented by the ociuations, 

+ 4NO-* = + 2(;MrxNO-)S(P + 211*0. 

Toluene- l)ia./,utrisulj>ho- Mitrotohu-no- 

gulpliuroua acid, toluene liydride. sulpliurio acid. 

4C’H^SO^ + 2M=0> - C''ir-“N*SH>« cni'(NO‘)SO» 4- NIIO- + II-O. 

’Sitrotolucne-sulphuroHS Acul. C'ir'(X(y-)SO*. — '^flio sodium salt, of this acid, 
{•'Il*‘(SO^)SO*Na . ^II'-'O, is produced by the actiiin of sodium-amalgam on a solution 
of nitrotoluene-sul]>hochloride in i>ure ether. It is easily soluble in water and in liot 
alcohol, and crystallises in feathery tufts of striatetl needles (Otto a. von Gruber). 

Bulpbotoluide. — ('‘‘10((’1P) — SO'^--C®J[’(CTl*). -- Inrst ol>taiiKHl by 

Deville (Ann. Ch. Pharm. xUv. 306) ; furtlnu’ exandned by Olhj a. Gruber {Zritschr. 
f. Chem. [2] vi. 33). Prepared like sulphobonzitlo by passing vapour of sulphuric 
anhydride into toluene : 

A* -Y’TT> 

3(C«1I\CH«) -h 2SO® = c«u. fSO«Jl + 

Tohumo- 

Tolucno. SulpliutoluKlo. stilpljiirlc a/-ld. 

On p>nring tho oily mass into water, washing tlie precipitate with waGsr, and crystal- 
lising from benzol, sulphotoluldo is obtainetl in 1ranH}>arent eliuo-rhoinbie jtrisnis 
having a vitreous lustre ; from liot ahadiol it erYsl^illises in small tabular prisms. 
It melts at 1 66^, is insolulde in W’ater, sliglitly soluble in cold alcolnd and ether, 

more freely in b(uliug alcohol and in ImuizoI, cldoroform, and carbon bisulphide. 
^VlK•n heaUxl in small quatitities, it volatilise.s without d( comjKJsition. Heated with 
strong sulphuric acid, it dissolves as tolueiio-sulplmric aei<l, Ked fuming nitric nciil 
ilissolvos it without decomposition, but a mixture of this acid with sttlphuric acid 
t onvertii it, w'ith aid of heat, into crystal I isablo nitro-derivni ives. It is not ult<*red by 
bwiLing to 160® with alcoholic potasli. With chlorine and phosphorus pentae]di>rido, 
it nppejirs to react like sulphobenzide, but the prmlucts are le.s8 dellnite and have not 
been tlior<>ughIy examined (Otto a. Gruber). 

Tolyl Biaulphoxide* C'Gr'^.S*G* (Otto, I.<iwenthal a. Gruber, 7^'itHihr, f, Chjem, 
1.2) iv. 623), — This compound, lirst obtaiiiccl by Miircker (benzyl-di»)xyHulphido, v. 
h.VJ) by oxidising toluene sulphjalr.itx* with nitric acid, w'as afterwards preptiretl by 
Ott.) a. Von Gruber (Zci/.sf/(ir. [2] iii. 600, 611) by heating toluene-sulphuroua acid 
with water to 120°-130® in scaletl tubes : 

3CGP802 = C'HP'S^O^ + CTl".SO« + IPO. 

Toluene sulphur- Tolyl Toliicne- 

oof) acid. biaulphoxide. Bnlyhuriu acid. 

It id insoluble in water, but dissolves etisily in Iwilitig alcohol, ether, and benzol, and 
cr3*8talli8c.s in large transparent glassy crj'Stals resembling tho scalenoluxlrons of 
adespar and melting at 76® (not at 74® as stattsi by Marcker), By nascent hydrogen 
(evolves! either by zinc and sulphuric acid or by stKlium-amalgtim) it is converted 
into trdyl sulphydrate : + 3IP — 2H’0 + 2C'U*8. By boiling with 

• alcoholic potash, it is convertwl into toluene-sulphite and toluene-sulphate of pota»*- 
slum, which dissolve, and toluene bisulphide (or metabenzylic bisulphide, v. 669), 
which remains undissolved : 

+ IPO - C^H"SO* + C»H®SO» + 

Tolyl' ToIuene'Sul- Tolufue-sul- Tolyl- 

bisulp^oxlde. phurous add, pharfc acid. biaoJphida, 

Tolyl bisulphide is not attacked by boiling potash. Fuming sulphuric acid colours il 
first yellow and then green in the cold, and dissolves it on warming to a deep indigp* 
oolom^ liquid whi^ is decolorised by water. 

&up, U 
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Bromide of ToJyl Btsulphoxide. (C'*H«^S*02)W.— Obtained by dropping 1 at. 
bromine into a moJeculc of the bisiilphoxide suspended m water, and heating the 
liquid to the melting j^oint of the bisuJphoxide. Small white needles insoluble in 
water, easily soluble in ether and in benzol. Ily boding with strong aqueous 
ammoma, it is resolved into ammonium bromide, sulphotoluamide (v. 527), and tolyl 
bisulphide : 

(C 4ilHS2o^)"Br2 + 4NK* = 2NII^Br + 

With strong aqueous pobish, it yields bromide, toluene-sulphite, and toluene-sulphate 
of [K)tassiuii», together with tolyl bisulphide, probably in two stages, the first consist- 
ing ill the formation of potassium toluene-sulphite and tolyl bisulphoxide : 

(C'^lU^SHyyUv^ + 4K1I0 = 2KBr + 2C’H'KSO=» + + 2H*0, 

and the seeond in the conversion of the bisulphoxide into toluene-sulphurous acid, 
tohuuio-siilphuric acid, and tolyl bisulphide, in the manner already explained. 

Tolyl bisulphide exposed for some lime under water at 100® to the action of bromine 
in excess is oxidised to tolyl sulpliobroniide (i. 859) : 

+ Br* + 02 = 2C’irBrS02. 

lloatod for an hour or two with excess of bromine and water in sealed tubes, it dissolves 
almost comydotely as bromotoluene-sulphuric or sulphobromotoluic acid; 

C'TI“S202 + Br2 + - 2C’IPBrSO». 

Chlorine acts on the bisulphoxide in the same manner as bromine, but more oncr- 
gotically. On passing the gas into water at about 80® in which tolyl bisulphoxide is 
suspended, hmg noijdles of bdyl sulphocliloride, O^irClSO^ (i. 859), melting at 68®, 
sulfiime iii Hie strenni of chl(»rine, and tlie hisulphoxiilc gradually dissolves, leaving 
only ii very small residue of secondary products, while the solution contains chloro- 
tolueno-sul phuric aei<l, C'^I POISON 

Tolyl Sulphide, = (Cni')2S = C^II’IciI^) ( obtained by 

distilling the lead-compuuiul of the sulphydratc, (0’II’)2rbS2 = PbS -t- (CTl')'-S, 
and is easily purifi<><l by rodistillation. It is a colourless oil, smelling like the 
Hulphydrute, licavier tlmn water, insoluble therein, easily soluble in absolute alcohol, 
other, ami beiizono (Otto, liiJwenthal a. v. Gruber, he. cit.). 

Tolyl Sulphydratc. C’lBrt = C*IP(Sn).CU*. Metahenzyl Suiphydrate. CresyUe 
Mercapinn (v. 858). — In preparing this compound by the action of zinc and sulphuric 
acid on tolyl sulphocliloride, the zinc often becomes enveloped by the sulphochloride in 
such a nianiu r ii.s greatly to iuterfero with the action. To avoid thi.s inconvenience, 
it is best, first, to convert the sulphochloride into the sodium salt of toluene-sulphurous 
acid by the action of sodiuni-amalgani, and distil the aqueous solution of this salt — 
without previous separation of sodium chloride — with zinc and dilute sulphuric acid. 
The process thus modified yields almost the theoretical quantity of tolyl sulphyvlrate. 
'file same compound is produced l>y the action of nascent hydrogen on tolyl bisulphoxide 
(Otto, liilweiitluil u. Unibor, Zfitschr. [2| iv. 623, 628). 

Metahromotolyl Sulphydratc, (J*It*BrvSH).CIT’, is obtainotl in two mridifica- 
tions — fiviid if) ami crystalline (c)—l)y the action of nascent hydrogen-^n the corre- 
sponding sulphochioiides (p, 287) (Hiibncr a. Wallach, /Antsvhr. f Chem. [2] v. 600). 

/ Metahromotolyl Sidphydraie may be prepared by boiling tlio corresponding sulpho- 
chloridu with zinc and sulpliuric acid, but much more quickly with tin and hydrochloric 
acid ; it may be couYmiiently distilled off the metallic chloride by means of a current 
of steam. It is a mobile liquid, of disagreeable oilour, not solidifying at —20® ; it may 
bo dried over calcium chloride or potassium hydrate, and then boils, with slight 
decomposition, at 2l5®-‘246®. Insoluble in water, easily soluble in alcohol ; dissolved 
hy strong sulphuric acid, with fine hliio colour and copious evolution of sulphurous 
oxivlo. The hydrogen-atom of the SII group is easily exchanged for metals, forming 
amorphous salts which arc distinguished by very sparing solubility in water and for 
Uio most part also in alcohol. 

/ Metatolyl Sulphydratc, OH*CH*.SH, is produced by agitating the preceding 
compound lor several days with smiium-nmalgam. It is also a mobile oil having a 
pungent odour like that of the brorainatwl compound, but stronger. Boils constantly 
and M ithout decomposition at 187®- 1 88®, and docs not solidify in a breezing mixture. 
Towarvls solvents and metallic solutions it behaves like the brominated sulphydrate, 
but its salts are much more soluble. 

o Metahroitwtolyl Sulphydratc prepared from the corresponding sulphochloridd 
with tin and hydnxdiloric acid, boils, not quite without decomposition, at 245®, and 
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solidifies at about 7® to a white radio-crystalline mass. Its salts resemble those of 
the corresponding sulphydrate obtaine«I jn)m lit|U)«l broinotoluonc. 

c Meiatolyl Sulphydrate, obtained from the last compound by the action of sodium- 
amalgam, boils at ISS'^ and solidifies in a freezing mixture to a splendid, perfectly 
uniform, colourless crystalline mass, melting at about 2^. Its salts tin not differ 
perceptibly from those of the corresp<nuling sulphydrate obtiincKl from liquid bromo- 
tolnene. 

The following table gives a comparative view of the ]diy.sieal properties of theso 
motatolyl sulpliydrates and their salts, together with ilio.se orthotoiyl sulphydmto 
(Marcker’s metabonzyl sulphydrate, v. 858), and of beiizvl sulphY<lrato or bonzylic 
merciiptan ; 



Benzyl snlphvdrali* 

Htil|>hY<irate 

siilphy<li iile 
fr<nn lii|aitl 
lir<>iiuitntxu*ao 

]\ri tjitotyl 
pulpliydnifo 
troni Si'liif 
l>Vi>iUotohK*110 

Boiling point . 

19 15)5'^ 

188^ 

1SS‘^ 

188^^ 

Melting point 


•12 5^^ 

Cryst ill 1 1 ses 
Vi'rv ea.Kily 
in large la- 
niinse. 

Still fluid at 
- 2<f\ 

4 2 

Crystal lises in 
1)1' a ii t i f VI 1 
brrjiid trans- 
]):iront, need- 
lo.s. 

Solubility 

Soluble in al- 
cohol. 

Insol, in water : sol. in ale<)liol 
strong sul[»Ijuric uciil with 
coliuir. 

dissolving in 
splendid l>luo 

Lead salt 

Light yellow 
laniinm 

Orangivyellow 
flocks, de- 
eninposi b 1 c 
by light. 

D<'ep yellow; 
stnorplions. 
Melts at 

nlumt 7d° ; 
not alien'd 
by light.; 
wliit e ne( d- 
Jes with 

line lusin*. 

Deep yellow; 
arnorjthoiiH. 
IVb-lts at 

78'*- 7 8^; 
not aKered 
by light; 
white need- 
les with 

fine lustre. 

Mereury salt . 

Tjong silky 

needles. 

White lamina? 
(ieeompo s i - 
bio by light. 

Melts at lOfP; 
not altered 
by light. 

Melts at 1 2:r- 
1 2(V^ ; not 

altered V)y 
light. 

Silver salt 

White. 

Siskin-green. 

Light yellow. 

’White (soon 
turning yel- 
low). 

salt . 

Green. 

Green. 

Dirty yellow. 

Dirty yellow. 

Renetion with 
nitric acid . 

Yields .sul- 

phuric acid, 
small quan- 
tities of 

benzrac acid 
and benzoic 
aldehyde. 





Yield small quantities of sulphuric acid. 


Hjrdrooarl>0tui Xjrleoes. 

This formula admits of the two metameric modifleations : 

Bthyl-bensens DimethyUbenaens, 

the second of which is further susccptibls of isomeric modification, as ortho-tinMa^piuaA 

u2 
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para-f according to tlio relative position of the two methyl-atomBy viz. 1 : 2, 1 ; 3, 
1:4. 

Bibj’l'benzene. — Tho synthetical formation of this body by the 

action of sodium on a mixture of monobromobonzene and ethyl bromide has been 
already noticed (v. 1056). It is also produced, together with diethyl-benzene and 
a small qusintity of bciizono, by heating naphthalene for some time with 20 pts. of 
saturated aqueous bydriodic acid : 


C"*!!** 

Naplithuleno. 

+ 

3H* 

= C"*IP* 

Diethyl-benzene. 


C’-IP 

+ 

4H* 

= C*H‘® + 

Ethyl- 

benzene. 

C*H» 

Ethane. 

€"*11“ 

+ 

6H* 

«. C-H* + 

Benzene. 

2C*H» 

Ethane. 


(Borthclot, BuH. Soc. Chim. [2] ix. 289.) See Naphthalenk. Also by heating 
ciiinamene (styrol), C®H*, with 20 pts. of hydriodic acid (Borthelot, Jahresb. 1867, p. 
349). 

Ethyl-bcnzone is almost cf)mpletely decomposed when its vapour is passed through 
a red-hot tube, yielding ciniiJiiuene with smaller quantities of benzene, toluene, 
naphthalene, and naphthalene hydride, : 

ami"* = 2C*ii» + + sm 

ami'o ^ 2cai“ + C"*K‘« -H 2IP 

(Bertholot, Zeifschr.f. Chew. [2] iv. .589). 

By prolonged oxidation with dilute nitric acid, or by chromic acid, ethyl-benzene is 
converted into bo?izoic acid, without previous formation of a-toluic acid (Fittig a. 
Kdiiig, Jahresfi. 1867, p. 609). 

Tho hromo- and rtiYro-derivativcs of ethyl-bonzeno are partly described in vol. v. 
pp. 10, ')7, 10, '»8. 

Bromvth)/l~hen::(nf\ 0®ir^Bi'(0-II''), ha.s a sp. gr. of 1-34 at 35^^ and boils at 199®. By 
oxidation witli cliromic acid mixture it yields parabromobenzoic acid (Fittig a. Kdnig). 
By the action of carbon <lioxido and sotlium it is converted into ethyl-benzoic 
acid, isomeric with xylic (diniethyl-benzoic) acid (Kokule, Ann. Ch. Pharm. cTxxxvii. 
178; Kektilo a. Thurpe, Chem. See. J. [2] vii. 366): 

Cl«ir'Br(Cai=') + + CO* = NaBr -t- C«H*(C’IE). CO*Na. 

Beilstoin a. Kuhlberg ( Zeifachr. f. Chem. [2] v. 524) have recently demonstrated the 
existence of two mod ifieal ions of m<monitro-ethi/l-henzen^. When nitric acid of sp. 
gr. 1-475 18 added to ethyl-benzene till a clear solutionis formed, and tho product 
after washing with water and ammonia, is distilled, it pa-sses over on tho first distilla- 
tion at 22G°-251®, and if then tract ioiiatml twenty times at intervals of 2°, separates 
almost entirely into tw'o portions, viz. a and /5, both of which are liquids not solidify- 
ing even in a freezing mixture. a-nilroelht/lbemtTic boils at 245®-246®, has a sp, gr. 
of lT2t at 2.")®, and i.s easily oxidised by chromic acid mixture yielding nitrotlracylic 
acid. ^-nUroithfilbeiiZinc boils nt 227^-228°, has a sp. gr. of I' 126 at 24'5®, and 
when treated with the ehroinic acid mixture does not yield any acid, but if the action 
be continued, suffers ooni]dete c«)mlm.stit)n. 

Tho xy lid i lies nrnl Hul pho-acids obtainwl from these two nitroothylbenzenes 
likewise exhibit diffiTcnt properties. Tho C*H^(NIl*) . C*H*, is a clear 

liquid of sp. gr. 0 97, 5 at 22®, boiling at 213®-214®, and quickly becoming brown in 
contact with tho air. The B-xylid’tne has a sp. gr. of 0-975 at 22®, boils at 210°— 211®, 
and also become.M colounxl on exposure to the air. Of the aceto-xylides 
C‘‘IP.C*U^NH(C*II'’0) formed by continuous boiling of these bases with acetic acid, 
the a modification melts at 94®, l>oil8 at 316°-317°, and is very slightly soluble in 
boiling water, whereas the j8 modification boils at 304®-306°, and dissolves very 
easily in boiling water. 

The a and^ sulpho- acids are produccnl by very prolonged contact of the corre- 
sponding iiTiroothylbenzenes with fuming sulphuric acid at 100°. The barium salt 
of the o sulpho-aoid crystallises in broatl flat needles half an inch long, containing 
water of crystallisation and very slightly soluble in cold water. The barium salt of 
the 3 sulpho-acid crystallises in shining silver-white anhydrons laminae, also very 
slightly soluble in cold wajir. 

Otmetlijrl-benBeiie ot Hbteiie* — The three modifications of this 

hydrocarbon are represented 1^ the following formulae : 
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H 

H 

1 


1 

II 1 

H-C^ ^C_CH* 

11 1 

H-C 

■II 

I 1 

„-C^ C-CH. 

II 1 

H-C 


i'H* 

Orthoxylene (1 : 2). 


CH» 

I 

C 
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C H 


c-n 


cu* 

rtvrnxyleno <1 : 4). 


yionic 
, which 


Cll> 

MeUixyleno (I : 3). 

p„i,<.ed «ynthelically by '^o action of MHlm n o„a ™,,tur^ Motllu-i-lcs (A»». Ch. 

a, mo year. yitliR n Volfint . ,Uo hy.lrocaclu.n C-U'«, wl 

jioia, with hme, obtained a uuKlituaiion oi 

they callwl isoxylcno: ^ C"ir® d C(K 

Thin hydrocarbon dlffernfn-m methyl..^ 

hl'iwlv, by dilute nitric acid, and not } ^ When oxidiscfl with elironiic 

ol.taincd'liy oii-iinini; mothyl-toUiono with ,.,„„,„„nd, h,.]MI>ii/io 

.„.i,l, if yicidn, I’tt'vt'™ ont .crep H ^ 

„n</, which crysinlliscs in loiif? '’V " , V . q,,;,,. rivciillv (IHli'J) l'■illi^l: has 

in hot water. , i„ n dcti.iito Hotisla.ico, but. n 

i>lv.)Wn (Z^i/Ac/ir. [2] V. IJ) that. co. . n, Iv preiloininatint'. by oxidation 

niiitiiroof mcthyl-n.luonc and // I j iH..i.lithiili;- m id iitid 

with potasnium ‘hrhromnte and nulph.iric by 'n.oiinn of boilinK 

a small quantity of terephthala au I, . i,, I, h. therein Neariy half of the hydro- 
water, the terophthalic acid beinpj J to 11 hours’ treatnierit. with the oxidisinK 

(^irbon, however, remai noil iinattackecl al er 12 bil n^ 

nontitrc and IbU, Jir:':.;';: .''vcrMlbintc Ipionti.y of tcrophtllal ic 

;::;;r^itc’ro™;r:r.oi':i th;r i’- ■=• 

of iHoxylene, the rest consistinj? of mothjl-to nent . . , - 1 1 methyl- 

An iLxylcno ia formal l.y the IXwbcrci.H ittniclbyl- 

atomn in its molecule Have in all pni i.o } ncid &c the nrningcmeiiL of the 

Pilnenc, which, corresponds to paracl^.^ ; 

methyl-atoms IS 1 • ^ /P' ,„..,„ 4 -vf-wor««-fnrfii«fM,v(-V»--f«c; and methyl- 

eompound, and is bettor * 1 “'?"''*', ‘‘“J'T „„r„.Tuhm' or j,armlmrlhyl-hen:»u. 

tohiono IS a para- compound, and may lie cam j ’ , , 7 ' f_ Clifm. 121 in. 

Now it has l«en shown by intnsbiced into dimethyl benzono, 

577) that when an additional methyl a is identically 

the 'compound obtaincl-tbo so-called UpaUl methyl-tolucno, 

the same whether the dimethylbenzeno >«« ' ^ ^ explain«l, the pseudoeumono 

or C<«l.tar xylene ; hence, accortling to the resnlts awre expit . i 

ohtaineil will he the same, whether prepar^ tor p^endocuLno 

xylene (methyl-toluene), exWbi^ the arrangement 

obtained from either source the thi^ ““*:V‘‘",‘^,lS/nartoacid,yields simuI- 
1:3:4. Further, pmudocumene. when o.idi^l ca^ di^or from one 

faneously two isomcnc acids, iyf« and , ^f’the three methyl-atoms in 

another constitutionally only m th»» rvspcc » in the formatmn of xylic, 

pseudoenmene, has converted into carls, xyb CO*H in 

• and in the formation of paraxyl.c aci<L 

two equally oxidablo methyl-atoms. To determin formation of xyli#^ 

this character, and which of the two is conceded in from the two acids, 

acid respectively, it is necessary to 

and observe what modifications of rweudocumene is moderately 

when xylic acid iprepered from aftW^J^roctification, exhibite all 

heated with quicklime, it yields a *^^* 1 ^*^ isophlhalic add by 

the characters of pure metaxylene, boiling at I SI -I ^ 

oxidation with chromic acid, and not being attacked pm 
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Since then in met^xylene the methyl-atoms have the places 1 : 3, it follows that in 
the formation of x^lic acid from pseudocumeno, the methyl-atom standing at the pJaoe 
4 must liavo been oxidisetl to carboxyl ; and from this it may bo inferred that in the 
formation of paraxylic acid, the methyl-atom standing either at 1 or at 3 must have 
been oxidised to carboxyJ. If in this acid the carboxyl group CO*H stands at the 
place 3, its removal must yield methyl-toluene or paraxylene (1 : 4) ; in the contrary 
case a third hitherto unknown mcKlitication of dimethyl-benzene, viz. orthoxyleno 
(1 : 2), must be Ibimcd. Now it has quite recently been shown by Bieber a. Fittig 
{Zeitschr. f. Ckrm. [2] v. 49o) that paraxylic acid heated with quicklime yields a 
liydr<x'arbon C**!!'® differing both from para- and from meta-xylene. The decomposi- 
tion of the paraxylic acid requires a very high temperature, but nevertheless takes 
place quite definitely, the hydroc^irbon wdiich distils off being obttvined pure after one 
recti lication. This liydrocarbon, orthoxylene, boils constiiiitly at 140°-141°, that 
is to say, 3° higher than metaxylene, and has a peculiar odour, much less agrecahlo 
than that of meta- or of para-xylono. It is most readily distinguished fi-om these two 
modifications by its behaviour with a mixture of nitric and sulphuric acids, para- and 
meta-xyleiio being easily and rapidly converted thereby at a gentle heat into well- 
crystallised trinitro-compounds ; whereas from orthoxyleno it is very difticult to obtain 
n solid nitro-corn pound 

Dilute nitric acid slowly oxidises ortlioxylene tr> a volatile acid, isonierlc with toluic 
acid, which may bo called orthotoluw acid. (See Tolvic Acid.) 

Xylene is produced, together with other hydrocarbons of the serie s, in the dry 
distillation of camphor (15. P. 138'’-143°), and of the lime-soap of Menhaden oil (15. P. 
140°-144°). 

By hydriodio imd xylene appears to bo converted into octane, (Bt^rlhcloi, 

JakresL 1807, p. 347) ; by 'pho.si>konium wdUlc^ PHU, into dimcthyl-benzolin, 

(Baoyer, ZciUchr. [2] iv. 47)0). 

In the animal organism it is converted into a ^Xiculiar modification of toluric acid 
(Schultzcn a. Naunyn, ibid. 29). 

Buomox YLKN Ks. — Dihromojnctaxylcne^ C*‘lD15r^.2ClP, formed hy treating e<Kil- 
tar xylene for twenty-four hours with excess of bromine, crystallises from alcohol in 
iiacroouH laminin, inelts at 09*^, boils without dec<»nq>osit ion at 26r)°-2o(>°, and do«‘S 
not give up any of it.s hroniino to alcoholic polash at the boiling heat, l^iradi- 
(lihroinoparaxyleiie (from inethyl-toUiene) difiers from tlio preceding only by its higher 
boiling point (72^-73®) (h'ittig, Ahrens a. Mallheides, .4/iw. Ck. Pharm. cxWn. 16; 
18(57, p. 697). 

0 H L O U O X Y L K N lO S. ScO Vol . V. p. 1 057- 

Nitroxylenkh. — T he properties f)f the nitronic4a- and nitropara-xylenes, as 
detonnined by Fittig, Ahrens, a. Matlheides, agree for the must part with tho.so 
previou.sly obtained by (Jliiizer a. P'itt.ig (v. 107)8); but the former have further 
obtaii\e<l two modifications of dinitropanixyleno from artificially prepared methyl- 
toluene [V arising from different distribution of the two atoms of NO‘^). 

Piniiroun’Uuvylcne (iVoiu coal-tar xylene) crystallises from alcohol in colourless, 
generally fiattoned, needles, easily soluhlo in hot, slightly in cold alcohol, melting at 
93”, 

DinUro-paraxyUnc is si paratotl by repeated crystallisation from alcohol into two 
modifications, a and /3. the former, which is the Ittw soluble, crystallising in very 
brittle needles an inch long, melting at 123-7)®, the latter in rather largo monoclinic 
crystabs, ineltiiig like dinit romebuiyleuc at 93”. 

Trinit rometa^yhne, C’’lP(NO''')'*, is very easily formed by gently heating coal-tar 
xylene with a mixture of nitric and sulphuric acids ; it is very slightly soluble in 
boiling, nearly insoluble in cold alcohol, and crj'stallises in thin, sometimes flattened 
needles, melting at 176”-177®. 'Prinitroparaxyleiiey from methyl-toluene, is much 
more soluble in hot alcolml, and crystallises in larger needles, melting at 137° (Fittig, 
Ahrens a. Mattheides). Triniiro^ortJioxylcne differs from the other two modifications 
in being much more difficult to crystalliso. When ortlioxylene is heated for an hour 
with the nitrating mixture, and the protluct poured into water, the mass which *■ 
separates is almost wholly fluid, and even after six or eight hours’ tiction, with a large 
excess of the acid mixtui*e, only'a semifiuid mass is obtained, which gradually solidifies, 
and yields Vty solution in a little alcohol and evaporation in a vacuum, groups of 
small colourless crystals melting at 65”, and afterwards drops of oily liquid (Biel^r a< 
Fittig). 

Nitrobrotnorylenet C*H*NO*Br, prepared by dissolving monobromoxyleno (B. P. 
203”~204”) in c<-)olcd fuming nitric acid, is a slightly yellow liquid, which turns 
ti> liirhJL and boils, witli ixmiul decomjiosiLion, at 260°-265”* 
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yUrodibrim<MMUuevlem, C*H'(NO*)Br*, cpystAllises from alcohol in long needles, 
melting at 108*^. S^itrohromo-paraxylene^ which is very similar to the latter, melts at 
about 1 12® (Fittig, Ahrens a. Mattheides). 

Am*i>oxtlbnks. See Xtlidinbs. 

Asoxylbnb, C**H'*N*. — Produced by the action of sodium-amalgam on uitroxylenc. 
Crystallises in brick-red needles, easily soluble in alcohol and ether; molts at 120®, 
and Tolatilises completely at higher temperatures, pnxhicing a vapour having the 
colour of that of bromine. Treated with exct ss of sodiiim-amulgam it is convert tnl 
into a colourless body, which c:isily suhlimes in noodles ; probably hvdrazoxyleno 
(Werigo, Zcitsckr. Ch. P/uirm. I860, p. 312). 

Sulph.o-derivativeA of Xyfmc. 

Xyj-BNE-sui.i'iiUROUS ACID, ClC.SO-ll, prepared by the action of sfKlinin- 
anualgain on an ethereal Bolution of xylene-sulpliiK*hloride (v. 10<>8), is a fiintiy yellowish 
inodorous thickish oil, slightly soluble in boiling waU^r, easily sohiMe in alcoliol, 
ether, and benzol, not v'olatile witliout decomposition. It absorbs oxygen from the 
air, but much less quickly than benzene- or tolucno-sulpliurons acid, p.issing into 
xylene sulphuric acid. Its salt.s are not altered by oxygen. The and 

Mhliton Halts are easily soluble in water. The l/ant(??i salt )-)-]la . 211*0 forms 

small white larniiue easily solultlo in water, less soluble in alcoliol. Thu calcium salt 
is similar in composition and jiropertii's. The silver and lead salts are heavy white 
precipitates slightly soluble in water. The vthylic etltcr C”ll''.SO*(V*Ml\ obtained by 
boiling the aciil with alcohol containing hydriwhloric acid, is at or»linary tcmi>craluros 
an amber-yellow', scarcely fluid, nearly inodorous mass, not volatile without decompo- 
bition, insoluble in water, easily soluble in alcohol and ether. 

Xylene-sulphurous acid is converted by chlorine into xyleno-sulphochiorido, 
(''‘iPSO^Cl ; by zinc and sulphuric acid into xylyl sulphydrate, C'*Jb'(SH); by 
melting A into jxjbissium sulphite and xylene ; by 7iitrous acuf in alcoholic soln- 
tion, into nitroxyleno-sulphuric acid, and a resinous mas.s probably containing xyleno- 
bulpliurous ether. Ifeatod willi water in a sealed tube, it yields xyleiie-sulplmric lu'id 
and xylyl oxy sulphide ; 

C»H‘«SO» + C‘«n^^S*0* + 11‘0. 

Xylyloxysulphide^ is a yellowish inodorous oil, insoluble in walor 

n!»d in aqueous alkalis, soluble in ether, alcohol, ainl benztd. Nascent hydrogen quickly 
converts it into xylene snlphydrato : C'*II‘'‘S*0* + 11“ ■■ 211*1) 4- 2(''*1P‘'S. Its 
alcoholic solution is not precipitateil by silver or lead salts. AVith bivjnjino it forms 
an uncrystallisablo substituLion-product, which is insoluble in water, soluble in ether 
and in alcohol, and dissolves partially in aqueous amni<min, forming ammonium 
bD)mi<lo, and an amide which crystallises from the hot solution on cooling (Lindow a. 
Oito, Zeitschr.f, Cke7ii, [2] iv. 37). 


Bydrocarbons Cumenes. 

This molecule admits of the three metamcric mo<lificjitions 


C“HXC>H’) 

Propyl-benzono. 


C“1P 


,cn« 

I 


Methyl -ethyl- benzene. 


('IP 
(MP 
.('H“ 

Trimethyi-Uaizcne. 


C“IP 


All three have been formed synthetically, the first by the action of scKlium and propyl 
i'slide on bromql>enzen6 ; the second by that of wxlium and ethyl bromide on bromo- 
bduene ; the third by that of sodium and methyl bromide on bromoxylene. 

Fropyl benzene prepared as above is very much like ordinary cumene obtained 
by distilling cumic acid with lime, and existing ready ff>rme<l in Itoman cumin-oH, 
but boils at a temperature about 6® higher, namely at whereas onlinaiy cumene 

boils at 151°~15T5®. The synthetical compound further differs from ordinary cumtMie 
in not yielding a crystalline trinitro-derivative when treated with strong nitric and 
sulphuric acids, and in forming with excess of brtjmino a viscid tetratrominated 
product, C*H“Br*, insteari of the finely crystalline pentabroroinated compound 
obtained from ordinary cumene. Both, however, when oxidised with chromic 
acid mixture yield the same pr^uct, namely benzoic acid. Hence it i* probable that 
ordinary cumene likewise has the composition C*H*.C“H', hut that it consists of 
C*IP.CH(CH*)*, whereas the product obtained by the action of 
eotlium and propyl iodide consists of nermui vre^Ubenzene^ This 

suppoeitioB is in accordance with the lower tmiling point of ordinary cumene, as it is 
» general rule that isopropyl-c<jmpouads boil at Tow^ Uanperatures than the oorro- 
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spending normal propyl-compounds. It has not, however, been found possible to 
verify this conclusion by the synthetical preparation of isopropyl-benzene, isopropyl 
io(li{lo not being attacked by sodium even w’hon heated with it in sealed tubes (Fittii; 
SchfiflFor a. Kbnig, Ann. Ch. Pharm. cxlix. 321). * 

The compounds CT1XCH«)(CW) and C«H»(C1I^)» each admit of three isomeric 
modifications, tho.se of the former being denoted by the formulae 1 : 2, 1 : 3, 1 ; 4 • 
those of tho latter liy 1 : 2 ; 3, 1 : 2 : 4, and 1:3; 5. Of cthyl-methyl-benzene,’ 
however, only one modification is actually known ; but of trimethyl-benzene two have 
been distinguished with cortiinty, and the third appears also to occur in coal-naphtha. 

Fittig has shown that the trimethyl-bcnzenes, or pseudocumencs, produced syntheti- 
cally by the introduction of an atom of methyl into metiixylone and paraxyleno 
(p. 293), are identical, botli boiling at 166° and exhibiting exactly the same behaviour 
with various agents, yielding, for example, the same highly characteristic bromo- 
and nitro-substitution-products, and the same oxidation-products, viz. two isomeric 
monobasic acids, xylie and paraxylic, and one bibasic acid, xylidic acid. Tho 
identity of the two trimcthyl-benzenes thus produced is easily explained, if wo suppose 
that wnen an atom of bromine is introduced into metaxyleno and paraxylene respec- 
tively, it takes tho place ot a hydrogen-atom wliieh, in the isomeric compound, is 
VepUced by methyl : thus the comp<junds 

C^McUMcBrllU and C^MidlllrMellH 
Brainomotaxyleiie Bromopumx^ iene 

evidently, when tlio bromine in each is rcplactxl by methyl, yield the same 
britnethyl-benzeno, 1 ; 3 : 4 or C’*MeIlMeMo]lH. 

The 9-enrbon homologue of Ixui/.ime, b<jiling at about 1C1°-167°, obtained from 
coal-naphtha, is generally regarded as a dehnite modification of trimothyl-bcnzeno and 
designated as p s e u d o c u m e n o. But the recent experiments of Fi 1 1 ig a. Wackenrodor 
hjive shown tliat this portion of coal-naphtha contains in all cases two, and sometimes 
three modifications of trimef hyl-benzone, one of which, often greatly predominating, 
is m 0 s i t V 1 e n o ; the second identical with the synthetically formed compound just 
mentioned ; while the third is a modificati(>n not hitherto obscrv'cd. These three 
inodilications arc separated by treatment with a mixture of nitric and sulphuric acid, 
whereby they are converted int«> trinitro-compound.s, C'‘11"(N0‘)^ easily scp:>rablc by 
Kolutiori in hut lamzol, the trinitroTnesitylene, melting at 232°, separating out first; 
then the trinitro-pseudocumene, melting at 185° (identical with that obtained from 
synthetically prepared psoudocumone) ; and lastly the trinitro compMmnd of the third 
modification above mentioned, which melts at a lower tomperaturo. The relative 
positions of the thri'c inethyl-atonis in tiio throe modifications have not yet been 
determined. Tlie hydrocarbon boiling between 164° and 167° obtained by distilling 
camphor with zinc chloride appears also to consist mainly of raesitylene (Fitticr, 
Zcifm'hr.f. Chem. [2] iv. 577-584). 

I seudociiinoiio (Irmu coal-tiir) is almost completely <lecomposed when its vapour is 
passed through a ivd-hot tulie, yiekling benzene, toluene, xyleno, napluhalene, and a 
miphthaleiio hydride boiling at 200°, together wiUi smaller quantities of liquid 
hydrocarhon.s boiling between 250° and 320°; also anthracene and chrysene, and a 
gasot ms mixture of hydrogen and nuir.sh-gas, with a small quantity of ctliylene and a 
trace ot acetylene. The formation of naphthalene appears to bo correlative with Uiat 
of tho lower homoh)gues of cumene ; thus : 

Cumouo. NaphthiUene. Xyleno. 

(Bertholot, BuH. S<x\ Chim. [2] vii. 229 ; Jakrrxh. 1866, p. 543.) 

Pseudocuniene heated with 80 pts, of strt^ng hydriodic acid is convcrtetl into 
nonane, C'JH', with separation of a lai-ge quantity of iodine; with 20 pts. of tho 
acid, tlio products are propane and free carbon : 

+ tail = iCTP + C* -t- IP + 3P 
(Berthelot. Bull. Soi\ Chim. [2] vii. 53 ; Juhresh. 1807, p. 346). 

Psendocumoiie (obtained fomi eoal-mr and by synthesis) yields by oxidation with 
acid tho two isomene acids xylic and paraxylic, C*H'®0‘‘ ; according to 
Boilstem {ZcUschr. [2] ly. 672), coal-tar cumene also yields another acid isomeric 
With these, viz. mesitylonic acid. 

Propyl-benzene, imm Roman cumin-oil, is converted by bromine in contact with 
wuter into dibromobensoic acid (Meusel, Jahrejih. 1867, p. 698). 

Bbomocumbsbs.— A f<»ioirOTiwe«»«w. OU'Br.C'H’, formed when bromine in 
Ifitt >11 contact with cumene from Eoman cumin-oil, boils after repeated rectifleation 
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at 2l8®-220®, and has a sp. gr. of 1*3223 at 13®. It is not attacked by 
alcoholic potash, and when oxidised with potassium dichiwmate and sulphuric acid 
yields pajrabromobenzoic (bromodracylic) acid and acetic acid. The same hydrocarbon 
treated for a considerable time with excess of bromine forms the compound 
or probably C*Br*.C*H’, which crystallises from warm alcfdiol in concentric groups of 
prisms molting at 90^-100°, and decomposing at a higher temperature (K Meusel, 
'/A itschr. f. Chi^. [2] iii. 322 ; Jahresb. 1867, p. 698). Synthetically prep rtid propyl 
benzene forms with excess of bromine a viscid uncrystallisable product, (p. 294). 

Fseudocumeno gently treated with 6 at. broniino forms the tribrominated compound 
C'lPBr’, which ciy’stiillisos in a freezing mixture. Witli 4 at. bromine, a dibrominaied 
compound appears to be formed, since it is convortetl by fuming nitric acid into 
C®H"(NO''‘)^lir'^ (Riche a. B^ranl, BuU. Soc. Chim. [2] ii. 30o). 

When bromine is dropped int(» cooled pseiiJociimcne, preparetl synthetically from 
bromometaxylone, the whole quickly solidifies to imnohrmnopscudocumeney 
(CH*)* ; bxit on aflding more bromine, the whole again becomes liquid, and is converted 
into trihromopscudocumcn**^ C^Ji'dlr*, or probably C**Br* . (CH*)*, which dissolves Very 
sparingly in Ixjiling alcohol, and crystallises therefrom in capillary neotlleo an. inch 
Imig. melting at 22o°, and re.seinbliug tribromomesityleno in every respect, oxcepting** 
that they are fiexibio, wherean the crystals of tribromonu'Hitylene are brittle ftnd 
easily crumbled t<j powder (Fiulg a. Ljiubinger, ZtdtHchr. f. Chem. [2] iv. 678). # 

N j T H i) c x; M K N E s. — is formed when psoudocumcno 

jtaosl from bromoxnetaxylene) is (lro}>{xHl inb> cold fuming nitric acid ; also as a*y«it 
jinnhict in the oxidation of pseuilocumene by dilute nitric acid. It crystallisos flroih 
alcohol ill long colourless ueodles, meU.iiig at 71®, and boiling without docompoHitioa 
at ‘2(h\^. By reduction with tin and hydrochloric acid it yields the double salt of 
cumidino hydrocliloriile and stannous chloride, <711 '•(Nil'*) . I ICl . SnCl*. By oxidation 
witli chromic acid, it is <x)uvorte<i int<j pjiranitroxylic acid, C®H''(N0*)0*’ (Sehapor, 
/^it.schr. f. Chc7)t. [2] iii. 12; Fittig a. I.fc'vubinger, ibid. iv. 677). Ammonium 
sulpliito converts nitrooumono into disu/jfburyl-cuntcnylic acid, C'*I1‘®NS*0* (Carius, 
Jahresh, 1861, p. 636). 

IHnitropacudocmincnc was not obtained liy Fittig a. Laubingcr in the pure state, but 
it ajqtcars to be fluid at ortiinary temperatures. 

Tnniiropficudocumcn-e, C"IP(NO'^)*, is obtaine<l by dropping the hyalrocnrbon into a 
cooUnI mixture of fuming nitric and sulphuric acids, and separates immediately ns a 
ervstaUiue mass. It is very slightly soluble in boiling alcohol, more soluble in 
beiiz<tl, and erystallise.s from alcohol by slow Cfjoling in stellate groups of colourless 
lu(^lU‘H; from benzol in short compact hanl prisms mostly flattencxl. It molts at 
and sublimes at a stronger heat. Treated in alcoholic ammoniacal solution 
with hydrogen sulphide, it is at first converted into a compound very much like 
dinitro-amidomosityleiio, but much Icst^ stable, which is dissolved by strong hydro- 
clilnric acid, but precipitated tlicrefrom by water. By proloiigwl treatment with the 
re<lucing agent, there is forme<l a well*m.arko<i very stible base, crystallising from 
w, iter and ivlcohol in golden-yellow j>ri sms, melting at 137°, but consisting, not, as 
might be supposed, of diamido-nilnjpKeudocumcno, C®1F(NII'^)''N02, but of amido- 
nitropscvdocKmcnc, Cl*Il'**(Nir-)NO‘. The diamidtmitro-compmnd is doubtless formed 
in the first instance, but afterwards l<»s<‘S an atom of Nil* by inverse substitution. 
Amidonifropseudocumcne is distinguishctl by the sparing solubility and great crystal- 
lining tendency of its salts, especially the sulphate, [<FH'®(NH*)N0*^*H*S0*.H*0, 
which is quite insoluble in cold water, and crystallises from boiling water in 
extremely thin, perfectly transparent and colourless quadratic tables (Fittig a. 
Raubinger). 

Trinitropscudocumene is also formed by the action of the nitro-sulphuric acid 
niixture on the cumene of coal-tar, but not nearly in so large a quantity as the 
itwmieric compound trinitro-mesitylenc (p. 299). 

, FsKUDocuMRKB-sui.rKunic acip, C*H‘'SO*II, is obtained by the action of 
a mixture of ordinary and fuming sulphuric acid on rectified coal-tar cumene. The 
S'dution diluted with W'ater and neutralised with Ixirium carbonate, yields barii^ 
P^udoenmene-siUphate, (OII*'SO*)*Bi^. 211*0, as a white, fine-grained powder, which 
is* but slightly soluble in water, and gives off its water of crjstalliwition above 170®. 
The lead, copper, and calcium salts are very soluble in water. The acid separated 
fb>m the barium salt is resolved by heating its concentrated solution in the oil-bath 
int/> sulphuric acid and pseudocumene Ixiiling at 166°. 

Fuming sulphuric acid alone acts with great violence on pseudoctraens, forming a 
smaller quantity of pseudoeumene-sulphuric acid ; and on diluting with water, a solid 
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bf)dy separateg, insoluble in water, alcohol, ether, and benzene, and probably consisting 
of Hulphocumide, 

p8eitdocu7rie7k€~6vlphochloride, C"II“SO*Cl, which separates as an oil on tritxirating 
sodium pseudocumene-sulphate with phosphorus pentachloride, and adding water, is 
converted by the action of zinc and sulphuric acid into a solid, inoilorous body having 
the composition of cumyl sulphydrato, C®H‘'Sii ; it cr^'stallises from alcohol in 
nacreous laminae, molting at 86'^-87° and boiling at about 235'^ (Bcilstein a. Kdgler, 
Ann. €h. Phami. cjoutvii. 117 ; Jahrcsh, 1865, p. 559). 

nacegitylene. C®I1*(CH®)*. — This hydrocarbon, originally obtained by the action 
of sulphuric acid upon acetone, has been shown by Tittig a. Wackenroder to constitute 
the chief jwrtion of the fraction of coal-naphtha winch boils at 164^-167°, also of 
that portion of the distillate obtained by heating camphor with zinc chloride which 
boils at the same temperature. This being the oise, it is evident that many of 
the supposed derivatives of pseudocumene obtfiincd by former exporimenU^rs were 
not pure products, but consisted to a great extent of derivatives of mesityleno, the latter 
somotiinos greatly predominating. Kven the purified pscudocumeno which Bcilstein a. 
Kogler obUiined by distilling the sulpho-acid prepared from coal-tar cumene (p. 297) 
hag been shown by Fittig a. Wackenroder to consist of mcsityloiie. On the other 
hand, the groat similarity between ])seudocum('no and mesityleue, as exhibited 
ospocially in their tribromo- and trinit ro- derivatives, wliilo it shows tliat mesityleno 
is in all probability an isomeric variety of trimethyl-benzenc, renders it a matter of 
great difficulty to separate mesityleue from pseiubKmmeno in mixtures of the two, 
euch as coal-bir cumene, lienee to o],>Liiin pure mesilyleiio wo must still resort to 
Kane’s mode of preparation from aeoUme. 

Fittig a. Briiekner (Ann. C/i. Phtvnn. cxlvii. 42) prepare mesityleno as follows : 
1 vol. commereial acetone is introduced into a largo tubulated retort containing dry 
sand; a cooled mixture of 1 vol. sul}>huric acid and ^ vol. water is added in a slow 
but continuous stream ; and the mixture, after standing for 24 hours, is distilled, the 
m'eiviu’ being clianged us soon as oily streaks appear in the neck of the retort. There 
then passes over, together w'itli the watery vapoiir.s, an (51, chiefly consisting of 
mesityleno, after which sulphurous anhydride is evolved, and the Uoutentii of tlie 
i-c tort acquire a transient but deep iudigo-blue col<jiir. The oily distillate washed 
with watev and soda-ley yields by fractional distillation, finally over sodium, ])uru 
mesityleno boiling const^int ly at 103^^. The higher port ion of the crii<]e niesityleTic, 
passing over up to 300°, contains a hydrocarbon boiling at 19i°-19G°, probably 

Mesityleno boilcxl for IG to 20 hours with dUufr nifrw acid, is oxiiliseel to mesity- 
lenic acid, istmieric with xylic acid (Fittig, Jahn\d>. 18GC, p. GIO). With 

2x>tai<f>iu7n dichroinafc sidphuric acid it yields a lai'go cpiantity of acetic acid, 
and by complete oxidation also a small quantity of an acid which is spiringly scduble 
in cold water, sublimable, crystallises in prisms, and forms a barium salt crystallising 
from hot W'aler in long needles (Fittig. Jahrcsh. 18G5, p. 560). By phoaphonium 
iodide, at 280°, it is converted into a hydrocivrbon, 0*11 boiling at 138° (Baeyer, 
Zcltschr. f. Chem. [2] v. 320). 

B uoMOMK SIT Yi.KN ES. — MonohromomcsUidcnc^ C”IT’*Br, producoik by carefully 
mixing well-cooled mesityleno with 2 at. bromine, and purified in the usual way, is a 
limpid oil, having an aromatic odour, a sp. gi*. of 1*3191 at 10°, boiling at 225°, 
bolidifying conqiletely in a freezing mixture, and melting again at + 1° ; not attacked 
by siKlium-amalgum at. any temperature. l)i- and irUnomomcsiti/kne are conUiinedin 
the residue left after distilling off the mouobromiuatcd compounci ol>taiiied as aliovo, 
and are produceil in larger quantity by the action of 4 at. bromine on mesityleno. 
On rccrystaUising fnmi alcohol, the tribromimvtod c(jmpound separates out almost 
completely, while dibromomesityleno, remains in the mother-liquor, and 

may bo crystallised therefrom in cohmrle.ss needles an inch long, melting at 60°, and 
distilling witlumt decomposition at 285°. IrihromontesUi/Icm, C*ll*Br*, previously 
obtained by Hofmann and Cahoiu’s (iii. 930), is nearly insoluble in cold alcohol, and 
crystallises from Innizol by s|X)ntaneous evuportit ion in transparent monoclinic* 
prisms melting at 224° (Fittig a. 8torer, Ann. Ch. Pharm. cxlvii. 1 ; Jahre.^, 1867, 
p. 703). 

Chloromksitylen’ks (Fittig n. Hoogewerff, Zeii^hr. /. Ch‘vn. [2] v. 168). — 
Chlorine acts very strongly on mesitylcne, even in the cold, the three hydrogen -atoms 
in the benzene residue, being easily replaced by chlorine. The di- and tri- 

ehlorinated com^^nmnds are indeed always prochiced, together with monochloromesity- 
Icne, even when the quantity of chlorine passed into the liquid is less than sufficient 
for the complete conversion of the mesityleue into the latter. To separate the three* 
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chlorinated compoMds, the mixture is washed with soda-ley and dissolved in boiling 
alcohol. The solution on cwling deposits nearly the whole of the trichloromesityleuc, 
which is easily obtained quite pure by recrystallisiition from alcohol. The inoiio- and 
dichlorinated compounds may be separated from the mother-liquor by evaporating off 
the alcohol and subjecting the remaining liquid to fractional distillation. When 
iiionochloromesitylone is the only product sought, it is best to trejit the mesityleno 
with only half the required quantity of clilurino, and imuiediately subject tlio liquid to 
fractional distillation. 

Monochloromesitylene^ C®II®C1. (ClI*)*, is a tmnspiirent colourless liquid, very 
soluble in alcohol, and boiling without decomp)sition at 204°-20C°. It is slowly 
oxidiseil by a mixture of potassium duhromafe ami sulphuric acUl, yielding acetic acid, 
U)gelher with other products. By dilute uitric acid it is easily oxidised to chloro- 
nu bitylenic acid. Funimy uitric acid attacks it very stiongly. even when well cooler!, 
converting it instantly into a mixture of mono- and dinitro-chloroun'sitvleno. Mono- 
C«H(NO-)Cl is found, in small quantity only, in the 

reaction just mentioned ; also as a lye-proiliict in the oxidation of cliioroinesitvlone 
by dilute nitric acid. It forms groups of spicular crystals melting at. easily 

soluble in alcohol. Dini(rochlora)ncsdi/lm(\ . ((.’ll'’)", the chief prxiuct of 

the action of fuming nitric acid on chloromesitylene, crystalli.ses from alcohol in loQ^ 
colourless needles, wdiieh melt at 17 (>®- 177 ^, may bo sublimed W'ilhout dccomj>o»ition, 
tlissolve easily in hot, sparingly in cold aleolmi. 

I)ichloromesitylc7ie, C’^IICP. (ClI*)*, cry.staHises fmrn alcohol in splendid 
cobiurless sliining prisms, melting at boiling without dccoinp<vsition at 243®- 

21 1“, very soluble in hot alcohol, also in etlu-r ami in benzol. KScarcely altackotl by 
chromic acid mixture, even after several days’ boiling, yielding a barely perceptible 
<iUanlity of acetic acid and uot a trace of any uroniatic acid. 

Tr ic hi o r o m e s it yli 7ie. — This comjKniml, lirst preparetl by Kane 

(iii. 1130), is the only product fornanl when mesitylene is treated at ordinary tempora- 
lufes witlt excess of cldorine. It is very slightly soluble in cold alcohol, somewhat 
imtre in hot alcohol, easily in ether. From boiling alc<)lK>l it crystallises in long, 
slender, cobmrless ucCH.lles, nieUing at 20I®-206®, and subliming w it bout d©oornjK)sition 
in b.ng brilliant spiculie. It dees !Jot suffer the least alteration by iKuIing for several 
days with nitric acid, chromic acid, or pot^issium pemiangamito (Fittig a. lloogewerff). 

J I Y n li () X Y I. - .M E S I T Y I. K X K. ScO MkSITVI.KXOL. 

N I T li o M K s 1 T Y L E N E s. — M o u o 71 i t TO ?/t esHyl e 71 e, C*1I''( NO^) . ( (Tl")*, is fonnod 
on warming inesilyleno with nitric .acid of sp. gr. 1'38 ; also us a liye jiroduct in tho 
]>r<.p;iration of mesitylcuic acid ; it is purilied 1/y distillation with mpieous vapour, 
rtctilication per sc, and crystallisatio?i of tho «oIi<lifyiiig j>ertioii from alcohol, 
t.'r^sbillibcs in well-defined traiispuivnt prisms an inch long, or in large tabular 
crystals ; dissolves in almost all projior. ions of boiling alwdiol, nndls at 41®, and boiltf 
without decomposition at 2-lU®-2.>0®. It is not converted into nitromchitylenic acid by 
boiling with potassium dicliromate and dilute sulidiuric acid. Fitrohroruomesityline, 
C'*JP'’(NO'^)Br, formed, b>gether with a small <juuntity of the following compound, by 
leaving broniomesityleno in contact with a mixture of €K|ual volumes of fuming and 
oixbnary nitric acid at ordinary temperatures, is imsleratcly soluble in alcohol, and 
si'P'irates therefrom by spontaneous evajx>rutioii in colourless crystals, very much like 
tho.so of sal-amraoniac, crystallised from water ; they molt at 54®. JJinilrobromo- 
rxcsUylenc, C*H’'(NO*)'*Br, formwi at ijrdiunry tenipcrjvturcK by drenching bromo- 
mesityleiio with fuming nitric acid, dissolves slightly in cold, more freely in boiling 
alcohol, crj'stullises in colourless newUes, and melts at 189®~190°, emitting a musk- 
like odo»ir (Fittig a. Storer). 

Hifiitrome eitylene, is easily fonned by dropping mcsityleno into 

cooled fuming nitric acid ; melts at 86® ; dissfilvt^s with rocKlerate facility in hot, less 
easily in, cold alcohol ; and crystallises in colourless rhombic prisms an inch long, 
exhibiting the combination ooP , xpao . oP, the ratio of the macrodiagonal to tho 
brachydiagonal being 1 : 0-5475; angle ooP ; oef^oo »• 118® 62'. 

Trinitromeaitylene, C*H*(NO*)*, obtained by dropping mesitylene into a 
mixture of 1 Tol. filing nitric and 2 vol. strong sulphuric acid, is nearly insoluble 
in cold, very sparingly soluble in boiling alcohol, and cry-stallises therefrom in slender 
colourless needles ; from acetone in lai^e prisms liaving a glassy lustre ; melts st 
230®-232® (Fittig, linn. Ch. Pharm. cxli. 129). The prepfiration of this compound 
from the mixture of hydrocarbons constituting coal-tar cumene lias already been 
noticed (p. 296). 
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Amidombsittlbnb or Mesidinb. C‘'H”(NH*) =* C*H®(NH*).(CH*)* (Fittig 
a. Storer, Ann. Ck, Pharm. cxlvii. IV — Produced by boiling nitromesitylene with tin 
and hydrochloric acid, and separated from the hydrochloride by ammonia in colourless 
oil-drops which do not solidify at 0®. The %rfrocA/oridc, C»H"(NH“).HCi, forms 
feathery crystals or largo transparent prisms easily soluble in water and in alcohol. 

stannoso-chloride, 2(C®II‘*N.HCl).SnCl* forms needle-shaped, rather sparingly 
soluble crystiils, which are decomposed by pure water. The oxalate^ (C*iI‘’N)* . C*H^D*, 
is a precipitate, consisting of crystalline laminae, sparingly soluble in cold water, and 
dissolving with decomposition in boiling water, so that the salt cannot be recovered 
from the solution. 

Dinitro-amidoTneiUylene or C®H®(NO‘)*. Nil*, is formed, together 

with nitro-diamidomesitylene, by prolonged treatment of trinitromcsitylene with 
ammonium sulphide. From the evaporated residue the latter base is extracted by 
dilute hydrochloric acid, and the undissolve.d portion treated with more concentrated 
acid yields the dinitro-amidomesitylene, which msiy bo purified by precipitation with 
water and recrystallisation from alcohol. It is insoluble in water, but dissolves easily 
in hot alcohol, and crystallises therefrom in sulphur-yellow, very well defined short 
prisms, molting at 193°-194®, and volatilising without decomposition. The only 
acid with which it appears to unite is concentrated hydrochloric acid, and even the 
compound thus formed is easily decomposed by water (Fittig). 

Dt AMinoMESiTYLKNB or M Es IT Y i.EN p. - u I A M 1 N K, C"H'“(NIP)* IS produced 
by heating dinitrouiesityleno with tin and c-oncontrated hydrochloric acid, precipitating 
the tin by hydrogen sulphide, evaporating the filtrate to dryness, recrystallising the 
salt from moderately strong hydrochloric acid, and precipitating with ammonia. It 
then separates as a nearly colonrless oil, which gradually solidifies to a pulp of long 
Blender crysUds. It dissolves easily in hot water, alcohol, or ether, and crystallises 
from water in long capillary needles, from other in largo monoclinic crystals ; becomes 
yellow or reddish on exposure to light; melts at 90®, and sublimes in noodles without 
decomposition. Bromine water added to the aqueous solution throws down a liquid 
compound insoluble in hydrochloric acid. The hydrochloride, C*H*’‘N*. 2HC1, crptol- 
lisea in square tjiblos, easily soluble in water and in alcohol, and is precipitated 
almost completely from the aqueous solution by hydrochloric acid of a certain 
strength; docs not form a double salt with platinic chloride. The nitrate is very 
soluble and crysbvUisablo. The oxalate, C*H“N*. C*II*OS is sparingly soluble in 
alcohol, and crystuiliscs from hot water in hard grains. Tlio snlphate, C''1PN* . SH*0\ 
is very soluble in water, scarcely at jill in cold alcohol, and crystallises from alcohol 
in brtmd transparent laminae, which quickly become dull when exposed to the air 
(Fittig). 

Nitro’diamidomcsitylene or NUromcsitylcne-diamine, C^IP(NO*)(NII*)*, is formed, 
as already observed, simultaneously with dinitro-amidomesitylene, by the jvetion of 
ammonium sulphide on trinitromositylono, and is extracted from the evaporated 
residue by dilute hydrochloric acid. From this solution it is separated by ammonia, 
as a deep yellow amorphous precipitate, which dissolves but sparingly in hot water, 
easily in alcohol and ether, Frt^m water it crystallises in largo orange-coloured 
Inminne; from alcohol, by spontaneous evaporation, in very large well-defined mono- 
clinic prisms having a very brilliant lustre and nearly the colour of sodium nitroprusaide. 
They exhibit the combination oop . [Poo ] . oP, and are shortened in the direction of 
the principal axis. Angle <xP ; ooP, in the orthodiagonal principal section, 

« 113® 14; ooP :oP = 101® 20'; [Poo] : oP = 158® 44' ; [Poo] : [Poo] at the 
princi^l axis = 137° 28'; acute angle of axes = 60® 4'. Ratio of cli nodiagonal, 
orthodiagonal, and principal axis = 16248 : 1 : 0 4167. Melting point 184®. The 
C*H*NO*(NH*)*. 2HC1, dissolves easily in water and in alcohol, and 
crystallises in colourless square tables (Fittig), 

SulphO’dcrivatives of Mesifylene, 

Mbsittlsne-sulphuric or Sulphombsitylic acid, C*H" .150*H,T8^ 
formed by dissolving mesitylono in warmwl fuming sulphuric acid, and separates for 
the most part in needles as the solution cools. The pure acid separatea from the 
barium salt forms, when evaporated over oil of vitriol, a syrup which soon solidifies 
to a colourless radio-crystalline moss. The barium gait (^II”SO*)*Ba crystallises 
from hot water in colourless laminte. The potaggium salt C*H*^SO*K is very solnblo 
in water, and crystallises from alcohol in small laminie, united in spherical groups 
(Fittig, Jahregb. 1866, p. 610). The gUver and lead salts were examined by Hofmann 
(iii. 931). . 

The sulpho-acid which Beilstein and Koglcr obtained (Ann. Ck. Pharm, cxxxvii. 
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117) from coal-tar cumene has been shown by Fittig a. Wackenroder (Zeiischr. /. 
Ch^m. [2] iv. 683) to consist mainly of mesityleno-sulphuric acid, with smaller 
quantities of pseudocumene-sulphuric acid, and another sulpho-acid isomeric therewith. 

Meaitylene Sulphochloride^ C*H‘*SO*Cl, separates on pouring a heated mixture 
of sodium mesitylene-siilphate and phosphorus pentachloride into cold water, as an oil 
which quickly solidifies. It is insoluble in water, oiisily soluble in alcohol and otlier, 
crystallises from the latter in large wotlge-shaped tables, and melta at 67®. With 
soda-ley it forms sodium mesitylene-sulphate, and with alcohol an oil which is 
probably the ether of mosityleno-sulphuric acid (Uoltmeyer, Zeiischr, /, Chem, 1867, 

p. 686). 

Mesitylene Sulpkosamide^ C*H“SO*NH*, produced by the action of alcoholic 
ammonia on mesitylene siilphochloride, is a white mass, which crystallises from water 
or alcohol in long glassy needles, molts at 141^-142°, and does not unite either with 
acids or with bases. 

Mesityl sulphydrate, C®H**SH, is easily formed by treating the sulpho- 
chloride with zinc and sulphuric acid, and distils with the watery vapours as a liquid, 
which does not solidify at low temperatures, dissolves easily in alcohol, ether, and 
benzol, 1ms a sp. gr. of 10192, and boils at 228°-229°. Its silver salt, C*ll‘'SAg, is 
a light yellow precipitate soluble in liot alcohol. The mcrcury-compound (C®Jl“8)2Hg 
ciystallises from alcohol in white silky neetllos. Mesityl bisulphide, 
produced by mixing the sulphydrate with soda-ley, forms light yellow 
shining laminie or tables, molting at 126^, insoluble in water, but soluble in alcohol, 
ether, or benzol. The same comjMmnd is gnidually productKl from the sulphydrate 
in contact with alcoholic ammonia or a solution of calcium chloride (Holtmeyor). 

MESiTYLKNE-suLPHUttous ACID, IS obtaiiiod by adding mesi- 

tylene-sulphochloride triturated w'ith stxlium-amalgam to a dry mixture of benzene 
and toluene, decanting the hydrocarbons after the reaction has taken place, repeatedly 
treating the pulpy imiss with a small quantity of water, and (fecomposing the 
concentrated sodium salt with hydrochloric acid. The acid is slightly soluble in 
cold, more easily in hot water, and crystallises therefrom in needles an inch long; 
from ttlc<diol in fan-shapcxl groups of needles. It is permanent in the air and molts 
at 98°-99®. Its silver salt, C‘'ll*‘SO''*Ag, is a light yellow gelatinous precipitate ; the 
barium salt (C*n“SO^)^Ba crystallises in long hy<lratod efflorescent needles or large 
rhombohedral tables. Tlie calcium salt forms tufts of easily soluble needles ; the 
cupper salt, dark green crystals resembling cupric sulphate ; the lead salt, long easily 
soluble needles. The aqueous acid is precipitated orange-yellow by ferric chloride, 
while by mercuric nitrate (Holtmeyor). 


ByOrooarboiui 

The molecule admits of the five following modifications ; 

Butyl-benzene . . , . . C«H».C*IP 

Propyl-methyl -benzene . . . . CH* . CHI* 

Diethyl-benzene C*H® . CHV . C*H* 

Dimothyl-ethyl-benzeno . . , C*1P.(CH*)*,C*H* 

Tetrametliyl-bonzone .... C*U* . (CH*)^. 


Of these, the second, third, and fourth have been formed synthetically ; the second 
by the action of sodium and propyl iodide on monobromotoluene ; the second and thiid 
by the action of sodium and ethyl bromide on bromcthyl-benzeno and bromodimethyl- 
benzene (xylene) respectively. 


I^ropjrl-netlkyl t»en«ene or Vropyl-^lnena boils at 178®-179®, has an agree- 

ahlo odour like that of benzene, yields a viscid nitro-product with a mixture of strong 
nitric and sulphuric acids, and when treated with chromic acid mixture, is oxidised to 
toluic acid (Fittig, Schaffer a. Konig, Ann. Ch. Pharm, cxlix. 334). 

, also produced, together with ethyl -benzene, by heating napb- 

tnalene with 20 pte. of strong hjdriodic acid (Berthelot, p. 292), boils at I78®-179®, 
has a sp. gr. of 0*8707 at 16*6®. Fuming nitric acid converts it into a liquid 
ft ; ^th a mixture of nitric and sulphuric acids, it forms an easily 

^iblc acid crystaUising in fan-shaped groups of laminae (Fittig, Zeiischr, f, Clum, [gj 
ii. 368). 

• <>»^tion with a mixture of potassium diehromate and dilute sulphnnc aetd it 
y^alda terephthalic (paraphthalie) acid : 

cm\cm*y ^ o« - cm*, (corny + 2 CO* + 4£po. 
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Dilute nitric acid, on the other hand, oxidises only One of the ethyl-stoms, prodneing 
othyl-bonzoic acid, isomeric with xylic acid ; 

+ 0- = + C0» + 2H^0. 

By further oxidation, however, with stronger nitric acid, the ethyl-benzoic acid is 
convei-ted into terophthalic acid (Fittig a. Kdnig, Ann Ch. Pharm.^hY. 277). 

Diethvl-benzcnG dissolves in fuming sulphuric acid, forming diothylbenzene- 
•sulphuric acid, C‘'H»(C2H»)2 . SO’!!, which crystallises in deliquescent laminse. Its 
barium mlt, (C®H'*SO®)2J3a, crystallises from alcohol in nodules or laminae; the^^^w- 
sium salt C^H'^SO^K in slender needles (Fittig a. Konig). 

athyl-dlmethyl-beiizene or Ethyl-xylene, C«II»(CH»)*C*H“, has a sp. gr. of 
0-8783 at 30'' and boils at 183°-184°. By warming with a mixture of nitnc and 
sulphuric acids, it is converted into a trinitro-compound which crystallises from alcohol 
in noodles melting at 119°. By oxidation with chromic acid, it yields, together with 
acetic acid, an acid similar to terephthalic acid, but more soluble in alcohol (Fittig a. 
Frnst, Zeitschr. f. Chem. [2] i. 57‘^). 

Cymene. There are two metamcric hydrocarbons to which this name is applied; 
a cymene, obtained from Roman cumin-oil and from the oil of water-hemlock seed, 
in which it exists ready-formed ; also produced, together with several of its homo- 
loguos, by the dehydration of common camphor with fused zinc chloride, phosphono 
oxide, P*Ob or phosphoric sulphide, P'S* ; and 3 cymene which occurs amongst the 
products of the destructive distillation of coal. 

a Cymene . — The preparation of this modification from Roman cumin-oil and from 
the oil of Cicuia virosa is described in vol. ii. p. 296. The portion of the distillate 
obtained by treating camphor with fused zinc-chloride, which passes over between 
173° and 170°, consists mainly of a cymene (Fittig, Kdbrich a. Jilke, Jahresb. 1867, 
p. 701); and by distilling camphor with phosphoric sulphide, cymene is obtained 
without any admixture of other hydrocarbons: 


5C"»Il'«0 + = 5C>"ir< + PO* + 5WS. 

This is therefore the best methcsl of obtaining cymene from camphor: On mixing I 
mol. phosphoric sulphide in a capacious retort with 5 mol. coarsely comminuted cam- 
phor, and applying a gentle heat, the mass fuses to n brown liquid, which, when more 
strongly heated, yields a largo quantity of cyraone, to bo purified by agitation with 
strong potash-ley, tlion with water, and drying over calcium chloride (R. Pott, Zmtschr, 
f. Owm. [2] v. 200). The same modification of cymene appears to bo obtained 
by the distillation of cumin-oil with phosphoric oxide (Louguinino, Jahresb. 1867, p. 
692), and of carvol (from cumin-oil) with zinc- powder (a mixture of metallic zinc, 
zinc oxide, and hydrate) (Arndt, Zeitschr. [2] iv. 730). ^ , 

a Cymene fixmi camphor boils at 17r)°-l78° (Pott) ; at 177°-179® (Loi^mine, p. 
278); that from Roman cumin-oil at 177‘5° (Kopp) ; at 179-6° (corr.) (Warren, 
Jahresb. 1866, p. 515); at i75°-176° (Louguinine). Sp. gr. of that from camphor 
0-8768 and 0 8732 at O'' (Ixiugiiinino) ; sp. gr. of that from curain-oil 0-8706 at 0 
(Louguinine); 0 8660 at 15° (Mondelejef, Jahresb, 1863, p. 7). C>uene from ^ther 

source is converted by oxidation with dilute nitric acid into toluic acid.'C'H* | ; 

by further oxidation with chromic acid mixture, into acetic acid and terephthalic 
acid, C'*ll*.(CO*n)’. Consequently a cymene contains two lateral chains (p. 200), 
one of whicli is methyl ; that is to say, it has the constitution of propy l-methyl- 

bonzeno, 

Propyl-methyl-benzene prepared by the action of sodium and propyl-iodide on 
bromotoluene boils at nearly tno same temperature as a cymene (178°- 179°) ; is also 
converted by oxidation into toluic and afterwards into ter^htnalic acid ; yields a 
sulpho-acid whose barium salt agrees in crystalline form ana amount of water wiUi 
that of a cymono-sulphttric acid, and indeed appears to ramble a cymene in every 
respect excepting that its nitro-derivativos do not crystallise. From the analogy n 
cumene (p, 296), it is probable that the synthetically prepared com^und nmy be 
normal propyl-toluene, and that a cymene may be isopropyl-toluene (Kttig, Schaffer 
a, Konig, Ann. Ch. Pkarm. cxlix. 337). 

a Cymene (from camphor) is converted by fuming sulphuric aad i^cymen^^- 
phuric acid, C'*Ii**SO*H, the barium salt of which, (C‘»H‘*SC)*)*Ba.6H*0,ca^stalliae« 
m easily soluble rhombic prisms (Fittig, Kobrieh a. Jilke ; Pott), men the 
sium salt of Uiis acid is ftised with 2 pts. potassium hydrate, the ftised mass Assolvwl 
in water, the solution acidulated with sulphuric acid, and the separated brown ml 
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distlUod» a yellowish Tiscid oil is (Miiined boiling at ?30® and hating the composition 
of cymic phenol, isomeric w\th tli^ol. It is distinguished from the latter 

by not solidifying in a freezing mixture, and by being but slowly Converted into a 
sulpho-acid, C'*H'*0 . SO’H, by the action of fuming sulphuric acid (Pott). 

According to Riche a. B^rard {Hull. Soc. Chim. [2] ii. 205), cymeno from camphor 
left in contact with 4 at. bromine, forms cvystaUieuiblo dihromocy^meni’, C’®H’*Br*, but 
tliat obtained from Roman cumin-oil does not yieiil ‘J.Is compound [?] ; with an excess 
of bromine however it forms a small quantity of a more highly bmminated crystalline* 
compound. Nitrocymem (prepared from the cymeno of Roman cumin-oil) is objivorted 
by schlium-amalgam into azocymono, C**H’‘*“N* (Werigo). 

$ Cymene is contained in coal-tar, chiefly in the heavy oil boiling above 170°, 
Mansfield (ii. 207) obtained it from the portion boiling between 170° and 180°. 
Berthclot {Bull. Soc. Ckifn. [2] viii. 226) scpirated by fractional distillation the por- 
tion of heavy coal-tar oil boiling between 175° and 190°; then (after mixing the 
distillate with the liquid remaining in the retort and the iKvrtion saturated with naph- 
thalene) collected by a second fractionation the portion distilling bitween 178® and 
180°, and sepiirated the naphthalene tlierefrom by means of an alcoholic solution of 
picric acid. The oil sepanUeil from the alcoholic uiotlicr-Hquid by ammoniacal water 
yielded, afUr repeated rectification, a hydrocarbon boiling between 179° and 

180°, and yielding with nitric and sulphuric acids the usual reactions of the urcmiatic 
liydna'arhons. Ileated with 80 time.s its weight of saturated aqueous hydriodic aci<l, 
it yielded decano or decy 1 - hy d r i d c, together with a small quantity t>f u 

very volatile hydride, Rommicr {Compt. rend. Ixviii. 1482), by treating 

the p(^rtion of coal-tar oil tlistilling botwoon 200° and 220° with fuming nitric acid, 
eddained a small quantity of !mrd colourless crystals having approximately ths 
comixisition of dmiirocywc?te, C'^IP'XNO*)*. 

/5 cymone dilfers from a cymeno in its boiling point. Its products of oxidation 
do not ayijwar to liave been examine*! ; but as pnalucts of destructive distillation 
have hitherto been found to yield vnly methyl-derivatives of benzene, it most probably 
consists of 1 0 1 r a m c t h y 1 b e n z c n 0 . 

Azocymknp:, is formed by tho action of smlinm-amnlgam on nitro- 

cyriienc (from tho cymone of Roman cumin-oil), ami crystallist'S in cherry-coloured 
plates melting at 86° (Werigo, Zeiischr. Ch. rharm. 1864, p. 721). 

Hydrocarbons C'‘U’^ 

Of tho seven metamoric forms of this hydrocarbon, viz. 

CMl'.Orr. CW ; 0»IP.C*IF.(CU')*; CTI».(C»H‘)*.CIP ; 

C*}P.(Cni*)(Cll")* ; and C*H.(CH‘)‘, tho throo following aro known: 

1. Amyl-benzono. — Obtained by tho action of sodium on a mixture 

of bromobonzono and amyl bromido diluUxi with an 0 (]ual volume of ethor (Tollona 
a. rittig, Ann. Ch. rharm. cxxxi. 303). It has a peculiar o<lour, not liko tliat of 
bfiizeno, a sp. gr. of 0*859 at 12°, and boils at 193° (Bigot a. Pittig, ibid, cxli. 160). By 
oxidntioii witn ehnimic acid, it yields benzoic acid, together with other acids not yet 
invostigritefl (Tollens a. Pittig). With 2 at. bromine it forms a liquid comwund in 
which a few crystals gradually appear ; on mixing tho well-cooled nydrocarbon with 
4 at. brfjmine, and hofiting the mixture to 109° till it is decolorised, tho Cfmtents of 
the tube solidify to a crystalline pulp of tril)roinainylh€nzeney C*’H**Br*. This com- 
piund crystallises from hot alcohol in silky needles, slightly soluble in cold, easily in 
not aleoliol, melting at 140° and decomposing at a slightly higher temperature. With 
chforine and with fuming nitric acid^ amylbenzene forms only liquid compounds* 
Concentrated sulphuric acid converts it into a very stable, crystalli sable, deliquescent 
sulpho-ncid, whose barium salt, (C’*H**SC)*)*Ba, crystallises readily in long naedlet 
very slightly soluble in cold water. The potassium salt is a radio* 

crj’stalline mass very soluble in water and in alcohol (Tollens a. Pittig). 

2. Blottiyl-motbyl-baaMiia or ltlat]&yl«»toliiene. C*H* I (cSr^)* 

a. Louguinine, Bull. Soc. Chim, [2] vui. 426).*-*F!roduced by the action of iao6* 
ethyl on beozylene chloride : 

C^H».CHa* -h Zn(C*H*)* - Zna* + C‘H*.CH»(C*H*)». 

To moderate the violence of the reaction, it is best to dilnte the mixtona with 
times its weight of benzol, and gradually add tho well-eooled solution of tho 
henx^lene chloride to tho sedation the zinc-ethyl in excess. At the end of thO 
I'cftction, the white solid product satnmted with benxol is treated with hydrodhlotio 
a<^id, and the segiarated oily layer, after drying with aalditin chlorida, is freed frosa 
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benzol by distillation. The remaining faydpM^ after repeated baali^ wit& 
sodium to 200® for several days, and final rectiflciiTOa^; yields, in the portion Boiling 
between 175° and 180°, pure diethyl-toli^ne as & c^ycmrless aromatic liquid, of sp.gr. 
0-8761 at 0°, boiling at 178° (i.e. 16° lower than aaiyl-bensene), and having a vapour- 
density of 6*1246, or by calculation 6*1107/ '^ ** , 

3. yropyl-dimetliyl-benaeno. Propyl-xylene, or l-aureno, 

(Fittig, Kobrich a. Jilko, Ann. Ch. Pharm. cxlv. 129 ; Jakresb. 1867, p. 701). — ^Produced, 
togothior with several of its lower homologues, by distilling camphor with fused 
zinc chloride, passing over between 185° and 188°. It has a sp. gr. of 0*887 at 10°, 
and boils when pure at 188°. In contact with 6 at. bromine, it is gradually converted 
into irihromolaurene^ 0'*H**13r*, which crystallises from hot alcohol in long needles 
melting at 126°; not decomposed by alcohoMc potash at the boiling heat. With a 
mixture of nitric and sulphuric acids laurone forms a nitro-compound melting at 
84°. Dilute nitric acid oxidises it to lauroxylic acid^ an acid isomeric with 

xylic acid : 

Laurcuo. Lauroxylic acid. 

By chromic acid it is further oxidised, acetic acid being produced, apparently as the 
ultimate product of its oxidation. 

The hydrocarbon C*^ll**, of which ten modifications are possible, is known in only 
one, viz., 

JLmyl-metliyl-beiixene or Amyl-toluene, (Bigot a* Fittig, 

Ann. Ch. Pharm. cxli. 160). — Prepared similarly to amyl-benzene (p. 303), excepting 
that the weighed quantity of sodium is added in the first place to the other which 
serves as a diluent, and then, when all evolution of hydrogen has ceased, the 
thoroughly dried mixture of bromotoluone and amyl bromide is added. It is a 
colourless liquid, having an agreeable odour like that of ethyl-benzene, of sp. gr. 
0 8643 at 9°, boiling at 213°, and not solidifying at —20°. By oxidation with chromie 
acid it yields acetic and terephthalic acids : 

+ 0'» = + 2C*U'0’ + 2H*0. 

Heated with 8 at. bromine to 100°, it forms trihromamyl-ioluene^ as a 

viscid ropy mass, which becomes mobile at 100°, and decomposes at a higher 
temperaturo. Fuming nitric acid converts it in the cold into dinitro-amyltoluene, 
C‘*H**(NO*)®, a viscid yellow transparent liquid, insoluble in water, easily soluble in 
alcohol, and not cjipable of distilling without decomposition. It does not appear^ to 
yield a solid trinitro-compound. It dissolves in fuming sulphuric acid, forming 
amyltoluene-siilphuric acid, C‘»H‘^SO’IT, the barium salt of which is very soluble in 
water and alcohol, and uncrystallisable ; the potassium salt, likewise 

easily soluble and not obtainable in distinct crystals. 

The hydrocarbon is likewise known in only one modification, viz., 

Amyl-dlmetbyl-benxene or Amyl-3cylene» , ^hich is prepared 

similarly to amyl-toluono. It is a liquid smelling very much like amyl-benzene and 
amyl-toluone, boiling at 232°-233°, and having a sp. gr. of 0-8961 at 9°. It does not 
yield any well-characterised bromo- or nitro- derivatives. Fuming sulphi^ic acid 
dissolves it readily, forming amyi xylene-sulphuric acid, the barium and 

potassium salts of which are very soluble and not crystallisable (Bigot a. Fittig, 

too, oit.), 

sairunR'rrHmsinB. A solid hydrocarbon of unknown composition, formed, 
together with chrysene and other hydrocarbons, solid, liquid, and gaseous, when benzene 
-vapour is missed through a porcelain tube heated to bright redness ; occurring * 
amongst uie solid hydrocarbons which pass over after the naphthalene in the 
distillation of coal-tar, the last portions of this distillate consisting Of chryseim and 
benzerythene. Still more abundantly do these two hydrocarbons occur in the reddish* 
yellow product obtained by the destructive distillation of the dry pitch of fir-wood. 

J^nzerythrene is at ordinary temperatures an orango-yeUow resinous of the 
consistence of colophony, and distilling at a red heat in yellow vapours. It dissolves 
but sparingly in alcohol, even at the boiling heat, formii^ a solution whiiA gives no 
precipitate with picric acid, but when heated with this acid to the b oilin g point 



depomta oooKng br6wQiaK-y^i|||^]^OQi», d ca m wtiag of benzerythrone picrat« 
(Bejrthilil* Jairesb. 1S66, p. pp. 699, 

BJBVWraBVTXi. Syn. Akhtdrisb (ii. 605). 

UUN H YUSROXhi C**H**0.'i*^ monatoinio alcohol produced by the action of 
nascent hydrogen on benzoj^nonc oi:^ pj^ylbenzoyl, C*H*.C^H*0, under which it is 
described (ir. 478). 

Bsprzioijni or BZikMZBO-BXPaainrx. — See i. 5 1 4 ; ir. 4 1 1 . 

A base, C“H**N*, homologous with benzidine, is produced by the action of hytlro- 
chloric acid on an alcoholic solution of hydrazotuluide. It crystallises in silvery 
laminae easily soluble in boiling water, soluble in alcohol an<l ether, melting at 
128'^- 129®, and decomposing at a higher tempemturo. It is a bi-acid base, Ibnning 
a neutral and an acid sulphate; the latter, C**II‘*N‘‘^. 21180*, is a pulverulent salt 
partially decomposed by water. The dihydrochloride ^ C**It***N^. 21ICI, crystallises in 
colourless laminse easily soluble in water, and forms a yellow crystalline precipitate 
with platinic chloride (Petrioff, Zcitschr.f. Chem. [2] vi. 265). 

BBVUU or BBSrZXXtXG AITBYBBXBB. C‘*II‘®0’ or II»C— C‘*H’:z:CX^ ^ 

(see Aromatic Series, p. 211). — This body, originally obtained by oxidation of 
Boiizoin, C* *11**0^, appears also to bo produced by heating bromotoluyleno with 
water to 150° (Limpricht a. Schwarert, Jakresh. 1867, p. 674): 

3C'*H"Br h 2IP0 = C‘*H'W + 2C'*H‘» + 3IIBr. 

Bromotoluylcne. Bonaiks, Toluylene. 

The benzilo thus obtained crystallised in four-sided needles melting at 95° (Zinin’s 
bonzilo, i. 515, molts at y0°-92°, and crystallises in six-sided prisms). The 
hexagonal crystals possess an optical rotatory power rather greater than that of 
quartz. All the crystals examined were dextrogyrate. Their double refraction is 
^sitive and very strong. For the line I>, at 14®, w - 1-6688 and « =* 1-6784, They 
expand by heat nine times as much as platinum in the direction of the axis, and five 
times as much in the direction perpendicular to the axis, Uonco, contrary to what 
takes place in quartz, the original rliombohodron of 80° 14' is rendered more acute by 
rise of temperature (Doscloizcaux, Compt, rend, Ixriii. 308). 

Chlorohemile. C**H'*0CP (Zinin, Ann. Ch. Pharm. cxix. 177 ; Zeitachr, f, 
Cficm. [2] iv. 718). — When benzilo is heated to fusion with phosphorus pentachloride, 

2 at. chlorine take the place, nut of hydrogen, but of 1 at. oxygon, forming chloro- 
btnzile ; 

+ PCI* = POCP -t- C>*H‘*0C1«. 

On expelling the phosphorus oxychloride by heat, and washing the residue first with 
hot and then with cold water, it solidifies to a white crystalline mass of chlorobenzile. 
This substance dissolyes easily in ether, and crystallises therefrom in short rhombic 
prisms or thin rhombic tables ; it is less soluble in alcohol, insoluble in water; meltf 
at 71®, and solidifies in the crystalline form (unless it luis been too strongly heated or 
fused under water or alcohol, in which case it remains liquid at a lower temjperature) ; 
it is decomposed by distillation, yielding a liquid containing benzoyl chloride. It 
di^jlves with rise of temperature in strong nitric acid ; and by boiling with this 
acid, or with an alcoholic solution of silver nitrate, it is converted, with evolution of 
red vapours, into benzile, which separates on addition of water. Heated with vjaier. 
in sealed tubes to 180°, it is completely resolved into bonzilo and hydrochloric acid: 
C**H‘«OCl* V 'h* 0 « C**n'*0* + 2HC1. 

Alcohol decomposes it at a lower temperature, yielding benzile, ethyl chloride, and 
hydrochloric acid : 

CwH«Oa» + C*H‘0 - C**H**0* + C*H*a + HCl. 

Al4^holie potash acta on chlorobenzile in alcoholic solution, slowly in the cold, mons 
quickly and completely when heated, forming potassium benzoate and beosoUi 

aldehyde . ^ ^ CTH'KO* + (pn*0 + 2KC1 + WO. 

Aqueous ammonia does not act on chlorobenzile ; alcoholic ammonia decomposes it in 
a more complex mann^. Chlorobenzile heated to 200° with an eqniyalent quantity 
pf phosphorus pmiachlorids is converted into a body C'*E.*°C1*, which is ioMluble 
in water, slightly soluble in alcohol and ether, and is slowly converted by nitric add 
into a nitzo-compoiiiidL In b^ng aloobdic solution, it is easily covertea by sqdhiish 

1C 
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amalgam into a hydrocarbon ^ 
in alcoholic solution wiUi Unfi! 







Itfl^ne. C^loi^lMnEU^jireidad; 
_ .aonrtf^ into 

deoxybenzoin : ■ ^ 

C**H>®OCI* t^HCl + Zn* - I 

Nitrohenzile. C^<H»(NO^d* (himfAnM, ^ 8u^. iii. 153).— Prodi^, 

together with nitrobenzoic acid and a small qdhntfty of benzile, by pxflonged 
of deojwbenzo'm with nitnc acid of sp. gr. 12; more advantageously prepared by 
addi^benzofn (not more than 10 grms.) to nitric acid of sp. gr. 15 cooled to 0°, and 
immediately pouring the resulting solution into cold water. The colourless body 
thereby separated dissolves in an equal weight of ether, and separates therefrom in 
sulphur-yeilow granules, composed of laminae and needles, which are now much less 
soluble in ether, still less in alcohol, and quite insoluble in water. The nitrohenzile, 
purified by recrystallisation, first from ether and alcohol, then from strong nitric acid, 
and lastly from pure alcohol, melts at 110®, distils with partial decomposition, dissolves 
in 30 pts. of boiling alcohol of 86 p. c., and in 27 pts. of 92 p. c. alcohol. When its 
hot saturated alcoholic solution is mixed with sufficient alcoholic potash to produce a 
faint alkaline reaction, potassium azobenzoate separates on cooling, and oxybenzoate 
remains in solution : 

+ 2KHO - C’H«KNO« + C’H^KO* + H^O. 

NltrobenzUe. Azobenaoate, Oxybenzeate. 


Hydrohenzile^ C**H‘*0, produced by the action of ammonium sulphide on benzile, 
is described in vol. iii. p. 186. 


BBirUXilC ACX2>. = 


OH 

CO*H. (See Abomatic Seeiks, p. 211.) — 
CH» 


This acid, originally obtained by oxidation of benzoin (i. 616), is also produced by 
boiling that substance with alcoholic potash : 

+ KHO = C’^H"KO» + H», 


the hydrogen being oxidised in contact with the air. If, however, the benzoin be 
heated with alcoholic potash to 120°-160° in a sealed tube exhausted of air, it is 
converted into bonzilic acid, hydrobenzoin, and a body ciy'shvllising in 

needles, which Claus obtained by the action of sodium-amalgam on an ethereal solution 
of bitter almond oil (Zinin, Bull. Soc. Chim. [2] vii. 260). According to Borodino 
{Hh. Chim, pure, iv. 433), bonzilic acid is produced by the action of sodium amylate 
on benzile. 

Pure benzilic acid melts at 150®. When heated for sometime to 180® it yields, 
together with a red resin, a substance having the composition according to 

the equation 2C'*H**0* — H*0 = C**H**0*. This substance crj-^stallises in small 
needles melting at 196®, and is reconverted into benzilic acid by heating with water 
to 180®, Benzilie acid heated with potassium chromate and dilute sulphuric acid is 
resolved into water, carbon dioxide, and benzophenone : 

CMH>aO* + O « H»0 ^ CO» + 


Heated with hydriodio acid to 180®, it forms an acid which crystallises in beantifhl 
needles, melts at 146®, and has the composition C'*H**0* (A. Jena, Berlin. Chem. 
Gesellsch, 1869, p. 384). 

BBnoXO ACXB. C’H*0* - C«H^CO^H.~-ThiB acid has‘ been prodneed 
.^synthetically by four different processes: 1. By passing benzene vapour mixed with 
carbonyl chloride (phosgene) turoi^h a heated retort exposed to the sun^s rays, 
whereby benzoyl chloride, OH* . COUl, is produced : 

OH« + COCl* « HCl -f OH*. COCl, 

and decomposing the latter with water (Harnita-Hamitzky, Bull. Soc. Chim. [2] i. 
322). According to Berthelot, this reaction does not* take place (p. 262). On the 
other hand, Schutssenberger has obtained benzoic acid by treating benzene with a 
mixture of sulnhuric anhydride and carbon tetrachloride (which produces carbonyl 
chloride) ; ana Wurtz has formed it by the action of ethyl chlorocarbonate aa(jl^ 
sodium-amalgam on chlorobenzene (p. 206). 

2. By adding sodium in small pieces to monobromobenzene diluted with benzene in 
a long-necked retort provided with an ascending condensing tube, heating the retort 
in the water-bath, and passing a current of diy carbonic acid gas into the mixture : 

C*H*Br + Na* -f CO* « NaBr + C«H‘.CO*Na 
BromotmuMM. Sodlnm bmsoate. 

2[!liie fxoduct is treated with wvlev which dissolves the sodium benzoate (KehoU* J/HM* 




OK »fr*. (SiTOti. 
homolog^ ci benjBoie 1^4 
3. dwtUUi^ 

nitrilii€^rC]^ is obtftliisd, i4)|| Aecomf^ 

Pm. Scv. xvi. 484V 
Ck»>^ [2] IT. SS) obtains bensonttrili by sGating pou 
poil^iibi cyiMHcle: '* 


^ m 

4o the prepaiation of thii» 

other products, benxo* 
lund with potash (Hofmann, 
208). V. Mere {Ztiitohr./, 
iium benzene-sulphate with 


C«H»,SO*K + CNK « SO*K* + C»H».CN, 


and conyeits the nitrile into benzoic acid by distillation with alcoholic potash. 

4. By the action of a mixture of manganese dioxide and dilute sulphuric acid on 
benzene, the reaction consisting, first in the production of formic acid by oxidation of 
a portion of the benzene ; secondly in the abstraction of an atom of hydrogen iVom 
the former and from the benzene residue by oxidation, and in the union of the residues 
CO*H and C*H^ to form benzoic acid : 


C«H* + H.CO*H O - H*0 + C«H\C0*H. 

Part of the benzoic acid is, however, converted by a repetition of the some reaction 
into phthalic acid, C*H*.(CO‘‘‘H)* (Carius, Ann. Ch. Pharm. cxlviii. 60, 99). 

The following modes of formation have also been observed ; the fifth and sixth are 
applied to the industrial preparation of benzoic acid: 

6. By heating phthalic acid with an equivalent quantity of calcium hydrate (slaked 
lime) to 330^-350^ for sovcral hours, excluding the air as much as possible : 

2C*H*.^Qlca + CaH*0« - (C*H‘CO»)«Ca + 2CO*Ca 

Phthalate, Hydrate, Benzoate. Carbonate. 


The phthalic acid required for this process is prepared from naphthalene (P. a. £. 
Depouilly, Btdl. Soc. Chim. [2] iii. 163, 469). 

6. By IwiUng benzoyl chloride, C*H*.CO*Cl, with nitric auiid for several hours in a 
flask connected with an inverted Liebig’s condenser, whereby it i* oxidised to benzoic 
acid and benzoic aldehyde, which may be separated by water. The benzoic acid thus 
obUiinod has a strong odour of bitter almond oil, which it partly loses on exposure to 
tlic air (Lauth a. Grimaux, ihid. vii. 106). 

7. By exposing benzylene chloride, C’II*CP, to the joint action of air and water 
(Carius, Compt. rend. Ivi. 222). 

6. By heating ben^^l disulphide to 130® with bromine and water (Mkrcker, Ann, Ch, . 
Pharm, cxl. 86) : ^ 

C»4Hhs» + 4H»0 + 6Br» - 2(m*0* + lOHBr + S». 

9. By the oxidation of certain aromatic hydrocarbons, viz. those which contain a 
single lateral chain, e.g. methyl-benzene, ethyl-benzene, &c. See AnoMATfO SnBUS, 
p. 200. 

10. By the action of sodium-amalgam and water on amidobensoio acid (HfibnflUf tk 
Petermann, ZeUach^.f. Chem, [2] iv. 648). 

C«H*NH».CO*H + H* » NH* + C«H».CO*H. 

11. By boiling diaaosalyl-nitric acid (prepar^. fiwn anthranilio acid by tks action 
of nitrous acid) in alcohoUc solution (Qness, ibid, iii. 167) : 

(C»H^NW)*.NHO» -h 2Cni*0 - 2C»H*0» + 2C*H«0 + HHO* 4 

Blozoealyl-nitrlo acid. Alodhol. Benzolo seUU Aldehyde. ^ 

12. By heating quinic acid with saturated hydriodic acid to 118®-12^, ^ ^ 
distilling its syruw solution with 4 mol. phosphorus diniodide. If the quinic scio h$ 
heated to 140® with hydriodic acid and phosphonis (the presence of which prstsnta 
the separatioa of iodine), an acid is formed containing more hydrogen than bensoic asid f 
hence the reduction appears tO taks place as follows : 


and 


(PWKP -f SHI « C»H**0* -f 4H*0 4- 4I» 
(rH'*0» > 81* • C»H*0» + 6HI 


(Lautemann, Ann. Ch. Pharm. pv 

13. By heating the anrodiloride of cocaine or of atroinne (Niemann* Jahrtth, 1880* • 
P. 367). 

ptcompoaUuma. — 1. A hot solution of bsnsoic acid acidulated with hydr ochhw ^ 
®cid is decomposed by $odiinm-amaigam into bemnrl alodbol, C'H*0, a nmtrsl etpAaX^ 
lining oil, and bensolelcadd, <rH**0*, a voladle acid hssTisr than wjfrtrt ai^ 

a 2 
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smelling lilce valerianic acid (Kolb^ Ch, cxfiik^tdS ; M. Hennann, ibid, 

cxxxii, 7ft). * 

2 . Benzoic acid heated with tfO of saturated hydriodio acid yields aeptane or 

heptyl hydride, as normal product, and sextane, resulting fiom the 

splitting up of the benzoic acid into benzene and carbon dioxide (Berthelot, Jahreab, 
1867, p. 346). . . . * 

3. Passed in vapour overheated cinc-dust, it is reduced to benzoic aldehyde (B^lhfer, 
Ann. Oh. Pharm. cxl. 295). 

4. When a solution of benzoic acid is boiled vrith lead dioxide, and dUute ctdphuno 
add is gradually added, the benzoic acid is oxidised to succinic acid. The same 
transformation takes place in the animal organism (Meissner a. Shepard, Jakreab, 
1866, p. 397). 

6. Iodine monochloride decomposes aqueous benzoic acid, with separation of iodine 
and formation of chlorinated benzoic acid (Stenhouse, Chem. Soc. J. [2] i. 327, 366). 

6. Brown chloride of sulphur, (SCl’^), acts violently on dry benzoic acid, forming 
benzoyl chloride, together with sulphurous oxide and hydrochloric acid. (See 
SvLPHva, CuLonmEs of, v. 535). 

MetaUlo Benxoatea. The ammonium salt C*H®0’(NH^) crystallises in tabular 
rhombic combinations, oP.P. oo^.f^oo ; angle P : P (macr.) = 24'^ 28' ; P: P (brach.) 
■» 96® 12'; P;P (basal.) = 143® 56'; Poo : Poo (basal.) = 130® 61' (Marignac, 
Compt. rend. xlv. 650). The potassium salt C’H^O^K is probably isomorphous with 
the ammonium salt, but it crystallises in laminae the* form of wliich cannot be exactly 
defined (Marignac). Treated with cyanogen bromide, it yields large quantities of 
carbon dioxide ana benzonitrile (together with a neutral solid azotised body); 

Cm^O^K + CNBr CO» + KBr + C’H^N 

(Cabours, Ann. Ch, Phys. [3) lii. 201). Subjected to electrolysis in neutral solution, 
it yields potash at the negative, benzoic anhydride and oxygen at the positive pole; 

•2C’H»0*K » (C'H*0)*0 + O . , , + ^. 

t ^ 

+ 

In a solution containing a slight excess of potash, 4C'H*0*K + KHO, the same 
deoomwsition takes place, but acetylene 19 also given off, part of the benzoic acid 
being accomposed as shown by the equation : 

- C*H* + 3CO + 2CO» + 211^0. 

In a very alkaline solution, nothing is evolved at the positive pole but oxygen, with 
small quantities of carbon monoxide and dioxide (E. Bourgoin, Zcitschr. f. Ckem. [2] 
iv. 566). 

Sodium Benzoate, C^H'O^Na, is decomposed by iodine monochloride at ordinary 
temperatures, forming iodine benzoate or benzo-iodic acid : C^H*0‘^Na f ICl ** NaCl 

C’H*IO*. On heating the product, carbon dioxide and iodine are evolved, together 
with an oily liquid which is resolved by fractional distillation into monoiodo- 
bonzene, boiling at 185®, and di-iodobenzene, C*H*I*, solidifying at ordinary 

temperatures, and boiling at 250® (Schiitzenberger, liSp. Chim. pure, iii. 145 ; iv. 268). 

Cerous Benzoate, (C^H*0*)*Ce.2H*0, obtained by precipitating cerous kulphate with 
ammonium benzoate, is a granular crystalline po^er soluble in acids ana in cerous 
sulphate, sparingly soluble in water (Czudnowicz, Jahresb. 1861,- p. 190). The 
lanthanum salt (C’H*0’')'-'La. 211*0 is a crystallo-granular precipitate, slightly soluble 
in water, becoming anhydrous at 100® (Czudnowicz, ibid. 1800, p. 129). 

Chromic Benzoatts. — Chromic salts mixed with potassium benzoate yield gradually 
at fi^inary temperatures, immediately at 40®-50®, a precipitate probably consisting of 
thimormal salt (Or*)’*(C^H*0*)*. AII*0. Boiled with water or alcohol, it gives up 

(C*H*0*)M 

hanaoic acid and yields the basic salt (HO)* 0*.H*0 (Schiff, Ann. Ch. Pharm, 

(Cr*)’*] 

oxxiy. 157). 

Aleoholie Seasomteik Baasole auiem. Mdhyl Benzoate, C*HH)*.CH*, 
has, acQOidi^ to Mendelejef (Jahresb. 1860, p. 7), a sp. gr. of 1 0921 at 12'3®. By 
prolonged digestion at 100® with ^tassium aichn>mate and dilute sulphuric add,, 
it is oxidised to benzoic acid, fomme acid, and carbon dioxide (R. H. Smith, Chem, 
She, J. [2] V. 131). 

PSt^ Benzoate. C*H*0*.C*H*. — Sp. gr. 1*0517 at 14*1® (Mendel^ef). 1^ oxidation 
^th obromic acid mixture it yields benzoic and acetic acids (Smith). Meated with 
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bromine, ultimately to 270°, it yieid&lmnzoic aci(i4&^ ethylene bromide (A. Kaumann. 
Jnn. C4. Phann, cxxxiii. 199) : 

C»H‘O^C*H• -f Br* « C»H»0* + C*H*Br». 

According to Oeuther (2ciY«rAr. /. CAem. [2] iv. 608), ethyl benzoate is not attacked 
by #odium ethylate at 120°; but at 160° sodium benzoate and ethyl oxide are 
formed, together with a colourless liquid, C'H‘«0, and a solid yellow mass, C»H**0. 

Amyl Ptnzo(d^^ is formed by heating ethyl benzoate with amyl 

alcohol to 217°-'240° for sixty hours, the ethyl and amyl changing places. A 
mixture of I mol. ethyl benzoate and 1 mol. amyl acetate litiated for several hours to 
300° yielded only small Quantities of ethyl acetate and amyl benzoate (Friedel a. 
Crafts, BxiU. Soc. Chim. [2] ii. 100). 

Cetyl Benzoate, C^H»0*.C'«H" (i. 840). 

Cholesteryl Benzoate, C’H*0*. (i. 926). 

Sycoceryl Benzoate, C'HW.C**II“ (v. 646). 

Propylene or Tritylene Benzoate, C'H«, prepared by heating silver 

benzoate with propylene bi-omido, and treating the product with sodium carbonate 
and ether, forms large colourless crystals isomorphous with those of ethylene benzoate ; 
insoluble in water and alkaline carbonates, soluble in ether and in alci>hol, melting at 
72°, and volatilising without decomposition at a temperature above 300°. Arn^ene 
Ixnzoatz, (C’H^O^)*. prepared in like manner crystiilliscs in long shining 
laminae melting at 123° (A. Mayer, Bull, Soc, Ckim. [2] ii. 461). 

Benzylenz Benzoate, (i. 578). 

Cumylene Benzoate, (C^H^O^)*. (ii. 184). 


The chlorinated, brominated derivatives, &c., of benzoic acid exhibit isorowio 
nnxiiftcatioDS according to the relative positions occupied by the chlorine, bromine, 
&c., and the radicle CO'^H of the benzoic acid. 

Sromoliensoio Acids. 

Monohromohenzoic acid, C®H*Br.CO*H, is produced by heating benzotti add 
with bromine and water to 100° for several days. The acid thus obtained is slightly 
soluble in boiling water, dissolves easily in dilute alcohol, and crystallises in flat 
neciiles, melting at 162°~153°. Its calcium salt, (C*ll^BrO*)*Ca. 3H*0, crystallises 
from water or alcohol in nodular groups of ill-deflned needles. The barium tail 
(C’H^BrO*)^Ba . 4l£ -'0 forms sparingly soluble flat needles. The acid is converted 
by nitric acid into two isomeric nitrobromobonzoic acids ; by further treatment 
with bromine, into tribromobenzoic acid ; by potassium chlorate and hydrochUrrio odd, 
into chlorobenzoic acid. Its silver salt exposed to the action of bromine^vapour 
yields a gas, probably O or Br’O, together with bromobonzoic anhydride, whicn is 
converted by water into bromobonzoic acid : 

2C»H<BrAgO» + 2Br* - (CWBrO)*0 + 2AgBr + Br»0 
(Reinocke, Zeiisehr, f. Chem. [2] v. 109). 

Bromobonzoic acid is also formed, together with hydrobromido of amidobenzoie 
acid, by the action of hydrobromic acid on diazobenzo'amidobenzoic acid (Griesa, iv, 
292): 

C’H«N*0*.C»H^O* + 2HBr - C’H‘BrO* + C'H»NO*.HBr + N*. 

The bromobenzoic acid thus produced appears to be identical with that obtiliied 
directly from benzoic acid. Diazol>enzo>amidobenzoic acid treated with bromiiMi iBld 
water yields a monobromobenzoic acid, which crystallises in laminss, and npiftiil tfl 
l>e difi^rent from the precedi ^ (Griess). Bromobenzoic acid identical witli ^ilMl 
first is also produced by oxidising orthobromotoluene with chromic acid 
^ (Wroblewsky, Zeitschr.f. Chem. [21 r. 332): hence this modification consists of catho- 
bromobenzoic acid. The same acief is obtained by decomposing with boiling alcohol 
the perbromide of diazobenzotc acid obtained by mixing nitrate of diazobentoic add 
irith a solution of bromine in hydrobromic acid (Oriess, Jahrezh. 1865, p. 387): 

« CTH^BrO* + N» + Br*; 

and by the action of bromine-Taponr on silver-benzoate (i. 814), Banwmida ballad 
^th bromine and water is resolred, accotding to the equation, 

CninffO + H*0 + Br* - C'H»BrO^ 4- 

into ammoDinBi bromide and bromobenaoie add, which, howavar, ^^panm to ba • 
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mixture of two isomeric acids, inaamnch as its melting Poifit rises by reeiystaIlisatio& 
from 149*^ to nearly 200° (Eeinecke, Z^itsohr, f. Chem, [2] iL 367), 

Bromobenzoic acid distilled with lime yields pure benzMe ; when distilled with 
pumice it passes over undecomposed ^Biche, Compt, repd. liii. 586). The ammoniacftl 
solution of the acid (prepared by Peligot's process, i. 554) is converted hj heat into 
amidobenzoicacid: C’H»BrO* + NH» - HBr + C»H»(NH*)0* (.^exeyeflf 
Chim, 1861, p. 71). Sodium bromobenzoate distilled with an equivalent quantity of 
iodine monochloride gives off carbon dioxide, iodine, bromobenzoic acid, and an oil 
containing iodobenzene and apparently phenyl bromobenzoate, C*H*BrO* . C*IP 
(Schiitzenbergor a. Segenwald, Jahresb, 1862, p. 250). 

Metahromohenzoic or Bromosalylie acidt C*H*BrH . CO*H, is said by v. Bichter 
(Zeifschr. f. Chem. [2j v, 457) to be produced, together with the ortho>acid, by 
heating benzoic acid with water and bromine. It is said to be less soluble than the 
ortho-acid, and to separate oiit nearly pure, when the hot aqueous solution of the two 
is left to cool, in white flocks melting at 90°, and subliming at 89° in needles. These 
results, however, do not appear to be very well established (comp, Hiibner, ibid. 514). 
Hiibner a. Petermann (Ann. Ch. Pharm. cxlix. 131) And that only one monobromo- 
benzoic acid is formed by the action of bromine on benzoic acid. 

ParabroTnohenzoic or C'H^Brll* . CO®H, obtained by oxidising 

hromotoluene with chromic acid, crystallises from ether in small volatile needles, 
melting at 261°, slightly soluble in cold, more soluble in boiling water, easily in 
alcohol and ether. Its easily soluble barium salt^ (C^H*BrO*)*Ba, crysUlllf^ in 
nacreous laminae; the edvir salt C’H’BrO^Ag in white slightly soluble needles. The 
ethylio ether is a fragrant liquid (Hiibner a. Ohly, Jahresb. 1866, p. 347). 

Dibromobenzoic acid, C’H^Br®0“ = C*H*Br® . CO*H, is formed, together with 
other bromobenzoic acids, when benzoic acid is strongly heated with excess of 
bromine (Reinecke, Jakreab. 1865, p. 322 ; Hiibner, loc. cii.). It crystallises in short 
needles melting at 223°-227°, sparingly soluble in cold water, easily in alcohol and 
ether, not volatilising with aqueous vapour. The barium salt (C*H*Br*0*)*Ba . 2H*0 
forms short, transparent noo<llos ; the calcium salt, shining laminae ; the sodium salt 
is. difficult to crystallise (Hiibner). 

tHhromodracylk acid, which sublimes in needles, is produced by the action of 
nitrous acid on a hot alcoholic solution of dibromamidodracylic acid (Qeitnor a. 
Boilstein, Jahresb. 1865, p. 336). 

Tribromobenzoio acid, C’H*Br*0* C*H^Br* . CO*H, is formed from the 
inonobrominated acid when the mixture of benzoic acid with bromine and water is 
heated to 140°-160°, part of it being, however, converted into pentabromobenzoic 
acid. The tribrominat^ acid may be partly separated by dissolving the mixture of 
acids which crystallises out, in a boiling solution of sodium acetate, the liquid on 
cooling yielding ciystals of the tribrominated acid (Reinecke). It is also formed, 
together with monobromobenzoic acid, by the action of bromine and water on 
diazobenzo-amidobenzoic acid (Griess). It crystallises in tufls of slender needles 
having a strong silky lustre, and melting at 234°-236° ; the admixture of another 
bromobenzoic acid, however, lowers the melting point to below 100°, ,The crystals 
are nearly insoluble in boiling water, more easily m dilute alcohol or boiling benzene. 
The metallic fribromobenzoates are sparingly soluble, and crystallise in needles. The 
calcium salt (C’H^Br*0*)Ca . 6H*0 easily gives off its water when heated. 

Tribromobenzoio acid is the most stable of all the bromobenzoic acids, not being 
altered by boiling with nitric acid or by fusion with caustic potash. By prolonged 
heating m a sealed tube with potassium chlorate and hydrochloric acid it iz 
completely converted into trichlorobenzoic acid. The silver salt C’H^Br*(PAg, 
eotpaacd to the action of bromine vapour H moist], is ultimately reconverted into 
trioromobeiizoic acid (Reinecke, Zeitschr./. Chem. [2] v. 110). 

Pentabromobenroie acid, (7HGl*0* » C*Cl*.CO*H, is formed by the long- . 
continued action of bromine and water on tribromobenzoic acid at temperaturea^ii 
above 200° ; but a considerable portion of it is at the same time resolved into 
carbon dioxide and pentabromobonzene. The remainder treated with ammonia 
yields an ammonium salt which may be purified by crystallisation. 

Pentabromobenzoic acid has the aspect of sublimed benzoic acid. It is nearly 
insoluble iu boiling water ; crystallises from dilute alcohol in thin laminm or long 
broad needles ; from boiling benzene, in which it is but slightly zolable, it eryrtnilisea 
on cooling in thick, larger needles ; melts at 234°-285°, which is also the melting 
point of tribromobenzoio acid. Heated with a strong s^utlon of sodium acetate to 
.l49°-150° in a sealed tube, it foms an acid which crystallises in needles and tnrai . 
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iion 4 alt 8 blud) doubtless tetrabromosalicylic add. At a higher tempOrature carbon 
dioxide is evolved, in conseouence of the further decomposition of this acid. 

The metallic wtUabromohenzoates are all sparingly soluble. The ammonium salt 
C’Br*(NH*)0* forms shining laminae very much like leucine; the potassium and 
sodium salts also crystallise in flat prisms. The calcium salt (C’Bi**0*)*Ca,6H*0 
ciystallises from dilute alcohol in scales having a strong lustre (Heiueckei fw). cit,). 


Ctilorobenau>lo Acids. 


Monochlorobensoic acid, C^H^CIO, is known in the three modifications of 
ortho- (1 : 2), meta- (1 : 3), and para- (1 : 4). 

Orih^hlorohenzoic acid, C*H^C1 . CO*II, is the modification which Limpricht a. 
von Uslar obtained by the action of Water or alkalis on clilorobonzoyl eliloride, 
C“H*Cl.COCl (i. 666). It is also produced by the action of chlorine or hypo- 
chlorous acid on benzoic acid (i. 655); of hydrochloric acid on chloro-liippuric acid 
(Otto, Jahrtsh. 1862, p. 265) ; of liydrochloric acid on diazobonzo-amidobeuzoic acid 
(Griess). Lastly it is produced l>y the oxidising action of clmunic acid on ortho- 
chlorotoluono, C*H^C1.CH* (Wroblewsky, p. 281). It forms a crystalline mass, 
slightly soluble in water, easily in alcohol, subliming in crj’stals, and melting at 151® 
(Wroblewsky) ; at 152*5®, not under water (Beilstein a. Schluu, Jahre^h. 18<J6, 
p. 331)). By fusion with potassium hydrate it is converted into oxybonzoic acid 
(Dorabey, Ann. Ch. Pkarm. cxlviii. 221). Its calcium salt, (CGl*CiO'‘)Ca . 3H*0, 
crystallises well, and dissolves in 82*7 pta- water at 12®. 

Mfiachlorohensoic or Chlorosaiylic acid, C*n*ClIT. CO^H, discovered by Chiozza, and 
formerly called parachlorobenzoic acid (i. 656), is prepared by distilling 1 mob of 
salicylic (mota-oxybenzoic) acid, or better of its sodium salt, witli 2 mol. phosphorus 
pentachloride, whereby chlorosalyl chloride, C’H^OOl*, is obtained, together with 
salicyl chloride, C^H^O^Cl, and chlorosalyl trichloride, ; rectifying the dis- 

tillate ; and decomposing the pirtion which distils above 240® and consists mainly 
of chorosalyl chloride^ C’H^CIO. Cl, with boiling water. The chlorosaiylic acid thus 
obtained may be freed from salicylic acid by once rocryst^iUising it from water 
(KoU)O a. Lautemann, Ann. Ch. Pharm. cxv. 157 ; Jahrr«h. 1860, p. 288). 

Chlorosaiylic acid is a crystalline mass composed of white silky needles, melHtlg at 
140® (Kolbe a. Lautemann) ; at 137®, and likewise under water (Jleilstein a. J3chlun). 
Dissolves in 881 pts. water at 0®, Like the ortho-acid, it gives with ferric chloride a 
yellow precipitate, but no violet coloration. It is not decomposed by boiling 
potash-ley, but is converted into salicylic acid by melting with potassium hydrate. 
In hot aqueous solution it is easily reduced to benzoic acid * by sodium-amalgam, 
whereas orthochlorobenzoic acid is scarcely affected by that reagent (Kolbe a. 
Lautemann). Its calcium salt, (C’H*C10*)®Ca .2H“0, is veiy soluble in water 
(Beilstein a. Schlun). The ethylic cMer, C'H^CIO* . Cni\ obtaino<i by treating with 
alcohol the product of the action of phosphorus pentachloride on salicylic acid 
(i. 655), is a colourless ft^grant liquid, insoluble in water, and boiling at 238®-242® 
CKekul^, Rip. Chim.pure, 1861, p. 308). 

Parachlorobemaic or Chlorodra^lio acid, C*H®C1H*. CO®H, is produced: 1. Bv 
heating diazo-amidodracylic acid (isomeric with diazo-amidobenzoic acid, iv. 292) with 
hydrochloric acid (Wilbrand a. Beilstein, Ann. Ch. Pharm. cxxviii. 257). — 2. By 
oxidising mono-chlorobenzene with a mixture of dilute sulphuric acid and manganese 
dioxide. Part of the chlorobenzene then suffers complete decomjjosition, yielding 
formic acid, amongst other products, and the formic acid, tf^ether with free oxygen* 
converts the rest of the chlorobenzene into chlorodracylic acid : 

C«H*a 4- H.CO»H -K O - C*H«Cl.CO*H + H*0, 

The chlorodracylic acid, the greater part of which remains mixed with undecomposed 
chlorobenzene, may be extracted therefrom by soda-lev, precipitated by sulpnaric 
acid, and purified by converting it into a barium salt, and decomposing this salt with 
.. hydrochloric acid (Carl Muller, Zeitschr.f. Ckem. [21 v. 137). 

Chlorodracylic acid is easily soluble in alcohol and ether, sparingly in water, 1 |>t. 
of the acid requiring for solution 5,268 pts. water. It melts at 236®, and sublint^ m 
fine needle-shaped prisms and in laminae (Miiller) ; melts at 286®— 287®» uod sablinids 
in scales, but not in needles like the two preceding modifications (Beilstein a. Sehlno). 
Its harium salt, (C^H^ClO^^Ba . 4H*0, crystallises in prisms sjid laminse ; the CttMinil 
salt has the composition (C/^H*ClO*)Oa . 3H*0. 


•Thsbensoloa^tliiwoiitaiiMd ^ 
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Acid. CH'd*©* - C^*dVCO*H (Otto, At«. a. Marw. 
216 ■Jahre$b. 1862, 263, 266. BeiUtein s. Kuhlbsie, ZeitKir. t 
^ ?2l’ ?r661 T. 180 826; j»«. Ch- Pharm. dii. 224).-Proauced ; l. t 

distuiin* chlorobenrane-sttlphurio acid idth phosphorus pentacUonde, Therebv 
ril!.mWi 7 nvI chloride, C’H'ClO.Cl, is produced, and decomposing this chloride triti 
prolonged boiling of dichlorhippiiric acid with strong hydrochloric acid 

3 ^ -Qy oxidising dichlorotoluene with chromic acid : 

+ 0* = C“H®CP.CO*H + H*0. 

4. By boating dichlorobenzene trichloride with water in a sealed tube : 

C«H*C1^CC1® + 2WO =» C®H*Cl®.CO*H + 3HC1. 


5, By boiling benzoic acid with solution of chloride of lime, whereby calcium mono- 
chlorobenzoate appears to be formed in the first instance . 

2C»H''02 + 2CaCPO = (C»H‘C10*)*Ca + CaCl« + 2H*Os 

The chloride of lime solution acts very quickly on the free acid, but scarcely at all on 
the cfvlcium salt ; hence, as soon as the liquid becomes neutral, it is necessary to pre- 
cipitate the monochlorinated acid, by addition of hydrochloric acid, filter olf the liquid, 
and again boil the crude acid with chloride of lime solution ; the reaction then goes 
on further, and the calcium salt of dichlorobenzoic acid is produced : 

2C^H^C10^ + 2CiiCl^O (C^R^Cm^yCa. + CaCP + 2R^O, 

The lupiid ia again acidulated, and tho treatment with chloride of lime repeated a 
third, and sometimes even a fourth time; if, however, the treatment he too much 
prolonged, part of the product ia converted into trichlorohenzoic acid. The crude 
dichlorinated acid is then combinefi with baryta, the barium salt purified by recrystal- 
lisation (I pt. dissolves in 100 pts, of water), and tho acid precipitated from it by 
hydrochloric acid (Boilstein a. Kuhlberg). 

J)ichlorobony,oic acid exhibits the same properties, by whichever of the preceding 
processes it may bo prepared (Boilstein, Zeitschr.f. Ohem, [2] v. 180). It is sparingly 
soluble in cold, more freely in hot water, easily soluble' in alcohol, ciystalliseB from 
water in slender noodles, molts at 201’^,* and distils without decomposition. Fuming 
nitric acid converts it into monochloronitrobenzoic acid (Beilstein a. Kuhlberg). By 
sodium-amalgam it is reduced to benzoic acid (Otto). 

The barium salt (C’II*CPO^)*Ba . 4H’*0 crystallises in slender shining needles, 
slightly soluble in water. The calcium salt (C’H“CFO^)*Ca. 311^0 crystallises in 
shining scales. The ethylic ether, a fragrant liquid, boiling at 262*^-263°, is obtained 
})y heating dichlorotoluenc-trichloride with absolute alcohol to 180°: 


C«H»C1*.CCI> + 4G=ITO « C«H»CB.CO"C*H* + 3C^H*Cl -H 2H*0. 


Dichlorobenzoyl chloride, C’H’CFO.Cl, produced by the action of phospnonis 
pentachloride on dichlorobenzoic acid (B. and K.), or on chlorobeuzcne-sulphuric acid 
(Otto), is a liquid boiling without decomposition at 242° (B. and K.). 

JHchiorohensamide, C’H*C1’0 . Nil*, is obtained by treating the chloride with 
ammonia, or directly by heating dichlorotoluene trichloride with an equivalent 
quantity of ammonia to 200° : ' 

C«H»Cl*.CCl» -h 4NH* H*0 = C«n>Cl*.CONH» -i- 
It forms beautiful silky, yellowish needles, melting at 133®, volatilising with vapour 
of water, more soluble in boiling than in cold water. Heated with excess of ammonia 
to 200°, it decomposes with elimination of chlorine (B. and K,). 

Ttichlofohenzoic Acid. C’H»C1*0* *= C»H»ClVCO*H (Janasch, Zni^hr. f. 

[2] iii. 404. Beilstein a. Kuhlbeig, ibid, iv. 663 ; v. 626 ; Ann, Ch. Pharm. 
oUi* 224). — Produced : 1. By oxidising trichlorotoluene with chromic acid mixture : 

C*H»Cl».CH> + 0» == C*H*CP.CO»H + H*0 ; 
but the conversion is very slow. — 2. By heating trichlorotoluene-trichloride with water 
to 260° in sealed tubes : 


C*H*C1*,CCP -I- 2H*0 « C«H*Cl*.CO*H + 3Ha. 

The reaction takes place quickly, and almost without formation of secondaiy 
products, the trichlormated acid often ciystallising in the tubes. It is extracted 
oy repeated boiling with ammonia, and precipitate by hydroehlorie acid (B. and 


« Otto obsemd lower melting pc^ts for the acid <Mained by the first and aeoond | vmm 

^ descriptions of the salts agree in all esaential partlcnlan with these gffca by Bdhtom a. 
Xnhlberg. 
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3, By boil/ngr dichlorfn&ted Add with atwog eolntion of chloride of Iim«| 
pTOcipitftting the neutral solution with hydrochloric acid, and repeating the eame 
treatment on the precipitated acid till the conversion is nearly complete. T!o p>»\^ 
the product fi?om remains of the dichlorinated acid, it is converted into the ethyl io 
ether, which, being solid, may be freed from adhering dichlorinated ether by pressure 
and recrystallisation from alcohol; when decomposed by strong potash-solution, it 
yields the pure acid. The three modes of preparation yield the acid with exactly 
the same properties ; the second is the most exp^itious (B. and K.). ' .. 

Trichlorobenzoic acid crystallises in very slender ne^les melting at 163° (B. and 
K.) ; 160° (Janasch) ; scarcely soluble in cold, sparingly in boiling trater, freely in 
nkohol and ether. The ammonium aaH CUr-CPO^( Nil*). 11*0 is crystalline and 
very slightly soluble in cold water. The //uriMw (O' II^CPO^y^Ba.TH^O crystal- 
lises in ^le^er silky needles, modcnitely soluble in hot water. The calcium salt 
(C'‘'jr‘‘Cl’0*)*Ca.2H*0 forms small needles more soluble than the barium salt. The 
strontium salt (C’H“Cl‘0“)’Sr . 4IPO is easily soluble in boiling water, and crystallises 
i)n c<X)ling in small white needles. The magnesium salt is extremely soluble ; the sine 
salt forms slender noodles; the lead soft is moderately soluble in hot water; the 
copper salt is a green insoluble precipitate. The ethylic ether C^H'‘'C1*0* . C*H* 
crystallises from alc'^hol in long flat white needles, melts at 66°, and has a faint fruity 
•xl'iur. 

Trichlorobenzoic chloride^ C‘H*C1* . COCl, boils almost without decomposition at 
272^, molts at about 41°, and is extremely soluble in benzol, ether, and carbon 
bisulphide. 

Trichforol>enzamidet C*H®CI*. CONH*, produced by the action of ammonia on the 
chloride, is very sparingly soluble in water even at the boiling heat, easily soluble 
in alcohol, and crystallises from benzol in slender white needles melting at 167’6° 
(Ik'ilstcin a. Kuhlberg). 

Tetrachlorohenzoic act'd (parab C*H*CI*0* ==» C*IIC1* . CO®H, is prepared by 
licating tetrachlorobenzotrichlorido, C*HC1* . CCl*, with water to 270°~28()°. It molts 
at 1 B7°. Its barium salt crystallises in slender needles (Boilstoin a. Kuhlberg, Zeitschr, 
f, Chem, [2j v. 75, 528). 


Xodobenzoio Aoldu. 

Only the monoiodated acid is known, in two modifications. 

(>rtko-iodcf>enzoio acid., C‘II*I.CO'H, is produced by the action of hydrio<lic acid 
nr of iodine on diazobenzo-amidobenzoic acid {Qr'icas, Jahresb. 1869, p. 406; 1861, 
p. 411. Cunze a. Hiibner, ibid. 1865, p. 331); also by the action of iodic acid on 
benzoic acid (Poltzer, Ann. Ch. Pharm. c.xxxx'x. 194); and by oxidising ortho-iodo- 
toluene (p. 284) with chromic acid mixture (Kdrnor, Zeitschr. f. Chem. [2] v. 637). It\ 
crystallises in needles slightly soluble in water, easily soluble in alc4>hol, subliming 
without decomposition (Griess), molting at 187° (Cunze a. Hubner). According to 
Korner, it melts at 172*6°, anti is converted by fusion with p<jtash into oxybenzoic 
acid. Converted by ammonia into amidobenzoic acid ; by strorg nitric acid into 
iiitro-iodobenzoic acid. 

Barium (C^Ii*IO*)*Ba. 2H*0, forms needles soluble in alcohol; the 

calcium salt (C’H*IO*)*Ca crystallises in hard anhydrous nodules and in shining 
scales containing 1 mol. of water. The magnesium saH (C’U*I0*)*Mg.2H*0 forms 
etisily soluble nodules ; the sodium salt C^H*IO*Na. 11*0 four-sidea tahl^ (Cunze a. 
liubner). The silver salt C’n*IO*Ag is white, insoluble in water and in alcohol 
(Oriess^. The ethylic ether C’H*IO*. C*H* is a liquid, insoluble in water, not con- 
verted into idobenzamide by contact with ammonia. 

Para-iodobenzde acid^ C**H*IH*.CO*H, is formed by oxidising jpara-iodotoluene^ 
C*II*IH* . CH*, with chromic acid mixture. When purified by conversion into a sodium 
^It, precipitation by hydrochloric acid, and recrystallisation firom alcohol, it foram 
nacreous scales, nearly insoluble in boiling water, easily soluble in boiling alcohol ; 
does not melt at 250°, but begins to sublime at 230° in white laminie haring a strong 
Instre. Its sodium salt crystallises in long transparent needles. The acid is 
converted by melting potash into a cr^talline acid, possessing the appearance and 
propertiee of para-oxybenzoic acid (W. Boomer, ZtUschr,/. Chem. [2] iv. 327). 


hfoneniirohenmeic acid, 0 *H*(K 0 *).C<WH is kBoum with esfCatiitgr oaly in 
two modifications, ortho- and para-. 
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Orthonitrohenzoic acid is produced by the action of fhmjng nitric acid, or of a 
mixture of potassium nitrate and sulphuric acid on benzoic acid, and by aereral other 
processes already mentioned (i. 565) ; also, together with nitrodracylic acid, in the 
oxidation of toluene by fuming nitric acid (Eeichenbach a. Beilstein, Ann. Ch.Pharm. 
cxxxii. 137). This acid melts under water below 100®, but in the dry state, according 
to Mills {Ch&m. Soc. J. [2] iv. 363), at 128°. According to A. Naumann {Jahre^, 
1866, p. 838), the acid separated from its ethylic ether by potash melts at 141°-142°. 
Its barium salt, [C^H*(N0*)0''*]*Ba . 4H*0, crystallises in thin flattened needles, mostly 
in radiate groups. It dissolves (reckoned as anhydrous) in 425 to 475 pts. water at 
8°-10® ; the acid separated from this salt after five recrystallisations, and heated for 
a few minutes to 137°» yielded a barium salt soluble in 328*5 pts, water (Mills). The 
acid treated with tin and hydrochloric acid is reduced to amidobenzoic acid, which 
forms a double salt with stannous chloride, C'H*(NH*)0® . HCl . SnCl* ; with zinc and 
hydrochloric acid, it likewise yields amidobenzoic acid ; with zinc and caustic soda, an 
intermediate product appears to be formed (Wilbrand a. Beilstein, Jahresb. 1863, p. 
342). With alcoholic potash it yields azoxybonzoic acid and aldehyde (Griess, Ann, 
Ch. Pharm. cxxxi. 92).: 

2C»H»(N0*)0* + 3C*H«0 = + 3CTrO + 3H®0. 

Nltrobenzoic Alcohol. Azoxy benzoic Aldehyde, 

acid. acid. 

Sodium nitrobenzoate strongly heated with iodine monochloride yields, together with 
sodium chloride and free icKlino, an oily mixture of mono-iodonitrobenzene, C*H^(NO*)I, 
with a small quantity of a crystaUiuo body, probably di-iodonitrobonzene, C*H*(NO*)I^ 
(Schiitzenbergor a. Songenwald, Jahresb. 1862, p. 251). The ethylic ether heat^ with 
bromine to 170°-200° is resolved into nitrobenzoie acid (melting at 141°-142®) and 
ethylene bromide, sometimes mixed with a yellowish-white nitrogenous acid insoluble 
in ether, cold alcohol, and water: 

C»n\N0»)0*.Cm'‘ -t- Br* = C’H"(N0«)0* + C*H«Br® 

(A. Naumann, Ann, Ch. Pharm. cxxxiii. 199). 

Para nitrobenzoie or Nitrodracylic acid. C*H‘^(N02)H* . CO’^H. — Produced, together 
with the ortho-acid, by the action of fuming nitric acid on toluene (iv. 60), part of the 
toluene being oxidised to benzoic acid, which is then converted into nitrobenzoie acid, 
while the greater portion of the toluene is transformed into nitrotoliieno, which is then 
oxidised to nitrcKlrucylic acid. Crystallised nitrotolueno is completely converted into 
iiitrodrticylic acid by oxidation with chromic acid (Kornor, Zeitschr.f. Chem. [2] v. 
636 ; Kosenstiehl, Uiid. 701), The oxidation of nitrotoluone with chromic acid affords 
a very convenient mode of obtoining pure nitrodntcylic acid. For this purpose a 
mixture of 10 pts. iiitrotoluene, 40 pts. potassium dichromate, and 65 pts. sulphuric 
acid diluted with twice its volume of water, is heated in a flask provided with a 
condensing tube, and the nitrated acid is extracted from the filtered residue by sodium 
carbonate. By precipitating the alkaline solution with hydrochloric acid, and once 
recrystallising the precipitate, nitrodracylic acid is obtained in the pure state (Beilstein 
a. Geitner, Ann. Ch. Pharm. cxxxix. 331). Nitrodracylic acid is likewise obtained 
(together with nitrobcnzoin), by treating deoxybenzoi'n with nitric acid (Zinin, Ann^ 
Ch. Pharm. exxvi. 218 ; Zeitschr.f , Chem. [2] iv. 563). ^ 

Nitrodracylic acid melts at 236°-240°, not under boiling water ; it is slightly 
soluble in cold water (Ipt. in 1327 pts. at 16°). Its .fine [C^HXNO^)0 *]*Zq . 2H^O. 
dissolves (anhydr.) in 152*7 pts. of water at 170® (Mills, loc. ci^). The fxdcium salt 
[C*H^(N0*)0*]’'Ca.8H*0 forms large tabular efflorescent crystals, whereas the corre- 
sponding salt of orthouitrobenzoic acid contains only 2 mol. water, and crystallises 
in slender needles. Sodium nitrodracyUtU, C'H^(NO*)0’Na. 3H*0, contains the same 
proportion of water as the nitrobenzoate; the crystals of both salts mre triclinic 
prisms terminated by oblique faces; but those of the nitrodrocylate are cleavable 
parallel to one of the end-faces, whereas those of the nitrobenzoate do not exhibit 
this direction of cleavage (Billinger, Jahresb. 1866, p. 334). 

The following comparison (p. 816) of the crystalline forms and solubilities of,, 
certain salts of ortbo- and para-nitrobenzoic acid is given by Sokoloff {Jahrtth. 
1864. p. 343). 

Mill deecnbes two other. modifleatinns (7 and 8), obtained by treating benzoic acid 
with a mixture of nitric and sulphuric acids, the latter remaining in the mother-liquor 
after the former has cr^tallised out : they are both, however, .very much like the ortho- 
acid, differing tn>m it chiefly by a somewhat higher melting-point (186°-142°): 
moreover, the process by which they are formed is ahnost the same cp that ^ whim 
Oeriand obtained the oi^nary ortho-acid (i. 666). 
il»ni<ro6snsottf sstd is described in rol. i. p. 567* 
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Fof9M and SolubtlUies qf Ortho- and Pnra-nitrobenzoie Add^ [NO* m XJ. ^ 



Formula 

Cryatalline 

Form 

1 pt. salt dieaolvea 
m pts. of water 

X. 

at 100® 

at ordi- 
nary 
temp. 

0. Potassium salt . • . 

C'H"X0®K.H®0 

Needles 

0-6 

7 

p. Potassium salt . . , 

C'H^XO®K.2H®0 

Rhomb, tables 

0-6 

3 

o. Calcium salt .... 

(C’H^X0®)*Ca.H®0 

Laminw 

18 

30 

p. Calcium salt .... 

(C'H^XO®)»Ca • 

I^Aminse 

12 

32 

0. Barium salt .... 

(C’H<X0®)®Ba.2H*0 

Needle 

19 

265 

p. Barium salt .... 

(C’H‘X0®)®Ba.2H®0 

Thin prisms 

8 

260 

0. Zinc salt 

(C’lPX0®)='Zn.2H®0. 

Noe<Ue8 

18 

63 

p. Zinc salt 

(C^H*X0*)"Zn.H®0 

Laminse 

80 

135 


Nithobromobrnzoic Acin. C’H^Br(N0*)0* =» C*H*Br(NO*).CO^II (Hiibner 
a. Olily, Zcitschr. f. Ckem, [2] i. 547; ii. 241 ; Ann. Ch. Pkarm. cxliii. 230). — Two 
irioilific’jitions of this acid (a aud A) are formed by the action of fuming nitric acid on 
hroiuohonzoic acid. If when the first violent action is over, the mixture bo gently 
varnu'd till the whole of the bromobenzoic acid is dissolved, and then mixed with 
c'ld water, the leas soluble moflification (a-bromonitrobenzoic acid) separates out, 
wliile the more soluble (/S-bromonitrobenzoic acid) remains in the liquid, and may be 
obtained in the solid shite by evaporation. The latter when purified by recrystal- 
lisation or sublimation forms, according to 0. Philipp, monoclinic combinations 
( 00 Poo ) . QcP . — P , oP, having the angle oP : ( ooPoo ) *s 90*^ 23' ; ( ooPoo ) : ooP *« 
140'^ir; no distinct cleavage. Melting point, 140®~1 41^. The am7nc»f««w forms 
yellowish laminae ; the potassium salt 0'H*Br(N0*)K . 2H*0, trjvnsparent shining 
nee<lle.s easily soluble in water, sparingly in alcohol. The sodium salt 
2(’’lPBr(N0')Na . 6H*0 crystallises from a highly ooncentratorl aqueous solution in 
yellowish pointed prisms gradually changing t/) four-sided tables ; from the alcoholic 
s.»lution also in tables. The silver salt is obtained by precipitation in anhydrous 
silky needles. The barium salt [C^H*Br(N0*)0*]*Ba forms white needles; the 
calrivm salt separates from strong solutions in small white nodules containing 
fr'll^Br(N0''')0'‘J^Ca . 2H^O, and the mother-liquor deposits asbestos-liko netKlles 
of the anhydrous salt. The macfnrsium salt [G'H*Br(NO*)0®]*Mg . 4H*0 forms 
Yellowish elongated, apparently rhombic tiiblos. The lead soft forms indistinct 
vhiUf crystals; the copper salt is obtained by precipitation in greenish crystals : both 
111 Of;,, salts are anhydrous. The C*H*Br(N0®)0’ .C*H“ crystallises from 

altv»hol in shining monoclinic prisms exhibiting the combination (ooPoo).odP. 
± Pao . oP, with the clinopinncoid predominant, and the angle oop : ooP (clinod.) 
== 1 15® 8' ; cleaving distinctly parallel ti» oP, less distinctly parallel to ( ooPoo ), The 
cn stals melt at 66®, and are easily soluble in ether, 

a-XUrobro77iobenzoic acid appears to be formed in greatest quantity when the 
pr'X'css is so conducted as not to allow the mixture to get very hot, and remains 
undissolved when the product is treated with cold water. It is purifl^ by repeated 
l>oiling with water, till the residue no longer melts under water, and cnr^tlises 
from ether in large colourless shining octoh^rons which are monoclinic combination# 
f'f +P and —P with (Poo) very subordinate. Melting point, 246®~248®. Tho 
soflium salt crystallises s<^>metimes in small nodules, sometimes in rhombic tables ; 
the silver salt in white, anhvdrous, very soluble needles decomposing at 110®, The 
barium salt [C"H*Br(NO®)d*]*Ba . 4H^O, and the calcium salt^ form easily soluble 
laminae ; the magneeium salt, which is soluble even in cold wader, fimue u e edl e f 
w>ntaining 6H*0 ; the lead salt f<>nn8 small needles soluble in hoi water. The sihfAlb 
ether crystallises fipom ether in colourless monoclinic priaons ooP. gePoo . — P«e . oP, 
elongated in the direction of the prismatic axis, cleaving^very distinctly parallel to oP, 
and having the angle oaP : obP (clinod.) » 47** 6'. They molt at 80^ and dissol## 
very easily in alcohol and in ether. 

The two varietiee of nitrobromobemBoie add just described difi^ also in tlieif 
behaviour with reducing agent# (p. 317). , . . 

ParanUrohremobesuBoie or NUrobrimadraaglic ofiidt C®H^Br(NO*)0*, pcndii^ hf IIMa 
«« tioti of fbmiag nitric add on bromodnu^lic add, fbniu a gfanuio-emtaUiiia MM 
ttelting at IW®, st^lliiiiiig in slender naemes, sparingly sdnble in COM^ ttOM 
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in iot vater, freely in alcohol. The harium salt forms slightly soluble needles 
containing 4H='0 ; the magnesium salt, with 6H'*0, crystallises in spherical groups of 
small needles easily soluble in water. The silver salt C^H*llr(NO'‘*)0“Ag is a 
gelatinous prrcipitiite a>mposed of microscopic needles insoluble in hot water and 
in alcohol. The ethylio ether C’H*Br(N0*)0^ . ciystallises in shining, faintly 
yellow, monoclinic prisms, ooP . oP, haring the angle ceP ; ooP (clinod.) = 92® 40 ', 
elongated in the direction of the principal axis, frequently hollow, cleavable parallel 
to oP ; melting at 74°. 

Nitrobromodracylic acid may also be prepared by oxidising liquid nitrobromotoluene 
(melting at 265°) with chromic acid mixture. The acid thus obtained crystallises in 
needles slightly soluble in water and melting at 195°. Its harium salt is easily 
soluble ; the ethylio ether melts at 70°. In other respects it exactly resembles tliat 
s’ love described. 

It appears, then, that the nitrobromodracylic acids prepared by these two processes 
do not differ from one another in any essential particular, but that they differ from the 
two nltrobroraobenzoic acids above de8cri>)ed, which also are different one from the 
other ; that is to say, we are now acquainted with three modifications of the acid 
C^H^Br(N0^)0’ out of nine which are possible. (See Aromatic: Series, p. 197.) 

The different arrangement of the atoms in the molecules of these compounds does 
not exert any essential influence on their crystalline forms, inasmuch as the crystals of 
the several acids and ethers, though exhibiting differences of development and 
angular magnitude, all belong to the monoclinic system. 

Nituo CHLOROBKNzoic AciD (liiibner, Z*‘itschr. f. Chem. [2] ii. 614). — Of the 
molecule C’H^C1(N0^)0’ or C®II*Cl(NO*) . CO*n four modifications are known, viz. 
two produced by the action of fuming nitric acid on chlor()bonzoic acid, one in like 
manner from chlorosalylic, and one from chlorwlrjicylic acid. 

Of the two (ortho) nitrochlorobenzoic acids, one is sparingly 8«duble in hot wab r, 
and molts at 225°“230°. Its barium salt, [C’H*Cl(N0*)0‘‘']^Ba . 411^0. forms tufts of 
needles somewhat sparingly soluble in water ; tho calcium salt, stellate groups of 
slightly soluble crystals containing 211^0; the ethylio ether, well-defined needles, 
molting, according to Cunze a. Ilubnor {Jahresb. 1865, p. 332), at 282°. The other 
modification of the acid is easily soluble, difficult to purify, and melts at 135°-137°. 
(Compare i. 657 and iv, 601). 

NUroehlorosalyUo acid obtained as above, or by the action of phospliorus penta- 
chluride on nitrosalicylic acid, crysttillises in capillary or flat needles moderately 
soluble, and melting at 104°-165°. Its harium salt forms moderately soluble needles 
containing 2IPO ; the calcium salt, stellate groups of thick, pnintt><l. rather sparingly 
soluble crysbils, also containing 2ir‘*0; the magntsium salt, with 8IT^0, easily soluble 
rhombic tables ; the cthylic cth^ melts at 28°-29° and remains liquid for a long time. 

Nitrochloradracylic acid, obtaino<l by nitration of chlorodracylic acid, or by oxida- 
tion of uitr(X5hlort)toluene, dissolves sparingly in cold, more freely in hot water, and 
crystallises in needles molting at 178°-180°. The silver salt forms colourless 
anhydrous needles ; the harium salt, with 2 mol. water, small efflorescent, slightly 
soluble neeilles ; the magnesium salt, with 5 mol. water, is easily soluble and crystal- 
lises with difficulty in needles. The ethylic ether melts at 58°, and likewise crystallises 
in needles. * 

NiTRO-ioDonKNZoic ACID, C*H^I(N0*)0*, formed by the action of nitric acid 
on iodobenzoic acid, forms rhombic crystals melting at 220°.^ Its barium salt, 
[C*H*I(N0*)0'‘']“Ba . 6H^0, crystallises in nodules. The acid is converted by 
ammonium sulphide into yellow nodules of amidiodobenzoio acid, C’H*I(NH*)0* 
(Cunze a. Hiibner, Ann, Ch. Pharm, cxxxv. 106). 

Peduction-derivatives of the Nitrohenzoic Acids, 

AmiaobenBOle Aol4. « CrH»(NH»)0* «. C*H<(NHp . CO*H. 

Ose^^iznzamio Add (iv. 290). — This acid is known in the three isomeric modifications, 
yi*. ortho-amidobenzoic or ordinary amidobenzoic acid, meta-amidobenzoie, amido* 
Bslylicor anthranilic acid, and para-amidobenzoic or amidodmcylic acid. 

Ortho-amidobenzoic acid, oviginally prepared by reducing nitrobenzoic acid 
with ammonium sulphide, may also be obtained by treating that acid with hydrochloric 
acid and zinc, iron, or tin ; in the last case the double salt C*H*NO* .HCl.SnCl* w 
produced, firom which, by successive treatment with hydrogen snlfffiide, ammonia, 
and acetic acid, amidobenzoic acid is obtained (Wilbrand a. Beilatein, p. 814). It 
is likewise produced from bromobenzoic acid by the action of ammonia ! C^*BrO* 
+ NH* « HBr + C’H*(NH*)0* (Alexejeff, p. 814) ; and from the two modifleaticnui. 
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a and fit of nitrobromobenzoic acid, by converting them into the correepdW^Hg 
bromamidobenzoic iwiids, C^H<Br(NH*)0*, with tin and hydrochloric aad, and 
reducing these bromamidated acids by means of sodium-amalgam ; in like manner 
from perachloronitrobenzoic acid and metachloronitrobenzoic or chloronitrosalylic acid. 
Further it is obtained by the aoiion of tin and hydrochloric acid on nitrophthalio 
acid (A. Faust, Zeitsckr. [2] v. 336) : 


C*H»(NO*) . (CO*H)* + 3H* » C*H*(NH*) .CO*H + CO» + 2H’'0 ; 


and by boiling amidobenzamide (oxybenzodiamide. Chancers carbanilide, <jlerhhrdt's 
phenyl-urea, iv. 290, 294) with potash, being in fact identical with Chancel’^ carbanilio 
acid. 

The amidobenzoic acids obtained from all these sources exhibit exactly the same 
properties, and form perfectly identical salts and ethoi*s. The acid crystallises in 
warty groups of nceflles melting at 172°-174® ; its compound with sulphuric acid, 
. H*SOS crystallises with 1 mol. of water, and melts in the hydratetl state 
at 225°, in the anhydrous state at 230°. The barium salt always has the comtM)sitlou 
and is easily soluble; the copper salt [CUl*(NH-'y)*]''*Cu 
forms a bright green crystalline powder. The identity of the amidobeiAzoic acid 
obtiiined from the ortho-, nieta-, an<l pira- modifici^tions of the chloro- and bromo- 
iiitrated benzoic acids is a very remarkable fact, and promises to throw great light on 
the nature of the isomerism in these bodies (llubner a. Biedoruiann, 6'Acw. 

[2] iii. 667 ; iv. 408). 

Amidobenzoic aci<l unites directly wMth dijizobenzene, forming diazobonzono-amido- 
benzoic acid, (iv. 433). With dry hydrochloric acid gas at 200° it forms, 

besides the compound C'H’NO- . HCl (iv. 291), an insoluble comj^Kmnd which appears 
ti> bo amidobenzoic anhydride, (C’H’NO)*0 (IIarb<jrdt, Ann. Vh. IViarm. cxxiii. 
287). When amidobenzoic acid is heate<l with phosphorus pontachloride, and tha 
pnxluct treated with boiling waU*r, amidobenzoic phosphate, C^IPNO'-*. 11*1*0^, 
dissidvoB and crystallises out in needles, whilst a resinous comjxmnd easily soluble in 
ammonia, and apparently consisting of C^H*NO*, remains behind (llarbonit). 
Amiilobonzoic acid treate<i with hrofnine is converted into tribrom amidobenzoic 
a c i d and bromaniline. Fuming nitric acid converts it into trinitroxybenzoio 
acid, C’I1’{N0'^)’*0* (Beilstein a. Goitnor). 

^^'h(•n a cold alcoliolic solution of ami<lobenzoic acid is saturated with cyanogen gas^ 
a deep yellow crystalline precipibito is formed, consisting of amidobenzoic 
cyanide, C’H’NO^ . (('N)*. and the alcoholic mothcr-licpior after standing for some 
works deposits a crystalline mixture of homicya namidobonzoic acid, 
C’H4(CN)|0'*, or rather C‘^U’*(CN)0*, and cyancthylic am idobonzoato, 
_ 2(J^IP(C‘‘^IPCN)NO“ . 6ir*0, which may bo separated by water, the 
ft)rnier being the more soluble (Griess, Zcitschr. f. Chem. (2] lii. 667 ; Jahresh. 1867, 
p. 410). Amidobenzoic cyanide, C’lI'NO* . Cy*, is insoluble in waUir, nearly insoluble 
in alcohol and ether, and forms salts with bases. It is decomposed by strong hydro- 
chloric acid, with formation of a wliite sweet-Uiating bexly, different from amidobenzoic 
acitl (Griess a. Ixsibius, A?in. Ch. Fharm. cxiii 232). The other two compounds will 
be described further on. 

Hr om amidobenzoic Acid, C’II*Br(NIP)0*, — This acid is known in two 
mrxlifications, a and /3, obtained by reducing the corresponding bromonitrobenzoic 
acnla (p. 315) with tin and hydrochloric acid, a- Bromamidobenzoic acid forms small 
needles molting at 171®-172°. fi- Bromamidobenzoic acid crystallises in long voiw 
sparingly soluble nobles melting at 208°. Both these acids, when treated with 
exce^ of tin and hydrochloric acid, or with sodium-amalgam, yield amidobenzoic acid 
melting at 142°-146°, and exhibiting exactly the same properties in either case 
(lliibner a. Meeker, Zeitechr. f. Chem. [2] iii. 664 ; Hiilmer a. Petermann, iJtAd. iv, 
648 ; Ann. Ch. Pharm. cxlix. 133). When cupric ^-bromaraidobenw>ate in 
considerable quantity was shaken up with sodium -amalgam and water, and the 
mixture allow^ to get hot, ammonia was evolved, and the alkaline liquid, on being 
neutralised with hydrochloric acid, yielded a laige quantity of benzoic acid, resulting 
from the replacement of Ute NII*of the amidobenzoic acid by hydrogen : C^H*(NH*)0* 
+ H* « 

'Hrihiymamidobenzoie acid, C’H*Br*NO* C*HBr*{Nn*).CO*H, prepared by treat- 
ing amidobenzoic acid with bromine and water, is sparingly soluble in cold, moderately 
in hot water, and crystallises in colourless shining nemlM meltiDg at 169° ; by dry- 
distillation it is resolved into carbon dioxide and tribromaniline. Its hot solution in 
fuming nitric acid dKKNsits on dilation with water white needles of tribroniodisaobeii»> 
Wic nitrate, (Beiktein a, Geitaer, ZeiUehr.f. Chem. [2] i. 506). 
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Chloramidobenzoic Acidt C’H^C1(NH*)0*, produced by the aetion of 
enuuouiuni sulphide on nitrochlorobenzoic acid, crystallises in light yellow nodules 
slightly soluble in water, easily in alcohol and ether ; it volatilises with partial 
decomposition and sublimes in tufts of needles which melt at 146®-148°, turning 
brown at the same time. It is a stronger acid than amidobenzoic acid, and forms 
brown precipitfites with solutions of those metals which are precipitable from acid 
solution by hydrogen sulphide, also with ferrous salts, white with uranium salts. 
Its potassium, sodium, and magnesium salts, also the slightly soluble barium salt, 
crystallise in nodules, the potassium salt with 2H^O, the barium salt with 6H*0, tlie 
calcium salt with 3K'‘‘0. 

Chloramidobenzoic acid dissolved in alcohol and treated with a current of nitrous 
Rcifl gas is converted into diazochlorobenzo-amidochlorobenzoic acid, C*^H®C1*N*0\ 
which forms a yellowish-red crystalline powder. On heating chloramidobenzoic acid 
with dilute suli)huric acid, and adding barium carbonate to the solution, warty 
crystals are obtained consisting of the barium salt of sulphamidochlorobenzoic acid, 
C»H»Cl(NH»).SO*H (Cuuze a. Htibnor, Ann. Ch. Pharm. cxxxv. 106). 

Hemicyanamidohenzoic Acid. C»H«*(CK)1N0* or C»H'*(CN)N«0* (Griess, 
ZeUschr, f. Chem. [2] iii. /)33 ; iv. 389, 650), — This acid, consisting of a double mole- 
cule of amidobenzoic acid having 1 at. H replaced by cyanogen, is contained, together 
with neutral cyaiiethyl amidolienzoate, in the alcoholic mother-liquor from which 
amidobenzoic cyanide (p. 317) has been depositwl. The two compounds separate out 
together, after standing for several weeks, m the form of a white crystalline precipi- 
tate, and may be separated by treatment with hot water, in which the hemieyanamido- 
benzoic acid dissolves more readily than the neutral compound, and is deposited on 
cooling in white needles. For further purification it is dissolved in hot dilute hydro- 
chloric acid ; and the solution, after decolorisation with animal charcoal, is mixed 
with a quantity of ammonia sufficient to redissolvo the precipitate, and afterwards 
with acetic acid. The henncyanamidohenzoic acid tlion separates as an amorphous 
mass, which gradually becomes crystalline. It unites, like amidobenzoic acid, both 
with other acids and with hasos. The barium salt (C**II*^N®0‘)'‘^Ba crysbillises in 
white needles miHloratoly soluble in hot water. The hydrochloride C'^ll'WOMICl 
forms granular or neoille-shaped crystals, easily soluble in water, very slightly 
soluble in hydrochloric acid. The ylatinochUrride 2(C'*H'®N®0*HC1) . PtCF crystallises 
in slightly soluble ncxiules, 

Cyanethyl Amidobenzoate. = 2C’H‘(Cm®CN)N02 . SH^O.— This 

compound, which may also be regarded as 2[C’H^(C^IP)(NH^)0*. CHNO] . 311*0, that 
is, as othylamidobonzoic cyanate with 3 mol. water, forms, after recry stallisation from 
boiling waU^r, needlo-.shapod crystals easily soluble in alcohol and ether. Its solution 
in dilute acids or alkalis is decomposed by heat, with separation of an acid having the 
composition : 

« 2C*H»N*0* + 2C*H“0 + H*0. 

This acid, called uramidobenzoic acid by Griess, oxybenzuramic acid by 
Menschutkin {Zeitschr. f. Chem. [2) iv. 275), who obtained it by adding potassium 
cyanate to a boiling saturated solution of amidobenzoic sulphate : 

(C^H’NO*)*.H*SO® + 2KCNO » 2C''H»N*0» -f- K»SO«, 

18 also prepared by fusing amidobenzoic acid with urea at a gentle heat, dissolving 
the moss in a large quantity of hot water, and supersaturating with hydro^oric acid 
(Griess, Zeitschr. f. Chem. [2] v. 312) ; ' . 

C»H*NO* -j- CH®N*0 - NH* + C«H®N*0*. 

It crystallises in small prisms containing 1 mol. water, which they give off at about 
100° ; dissolves very sparingly in boiling water, is slightly more soluble in aloohol, 
almost insoluble in ether. Its salts are all soluble in water and difficult to o^stallise 
(Menschutkin). Heated to about 200°, it is resolved into urea and an acid, C'*H‘*N*0*, 
komologoue with azoxybenzoic acid, and resembling it in most of its properties : 
2C®H“N*0» «. CH®N*0 

The same decomposition takes place on repeatedly evaporating the aqueous soluiioii of 
barium uramidobenzoate. From the solution of the resulting barium salt the acid 
C**H'*N*0* is separated by hydrochloric acid in microscopic needles. It is nearlv 
insoluble in neater, alcohol, ana ether. Its ammoniacal solution forms white preeipi* 
tales with barium chloride and silver nitrate (Griess). 

Uramidobenzoic acid is converted by faming nitric add into- a nitrated add» 
C*H*(NO*)*NH)*, which is easily soluble in alcoW r-*'’ eqpedal^ in sthar ; diss(dvii 



BENZOIC ACIDS, , AMIDO-, tl» 

1 ^ without deeompcMition in a lajrgu quantity of moderately warpi water, but 
ia decomposed on boiling the solution, with evolution of gas, and formation of two 
isomeiie acids, C^li*N*0^, one (a) very spanngly soluble in boiling water and separat- 
ing out almost as soon as it is formed, while the other (fi) remains in solution. The 
a>acid crystallises from boiling alcohol in tufts of yellowish-red shining lamina*, sub- 
liming at a moderate heat in rhombic laminae, melting and afterwards decomposing at 
a higher temperature. The more soluble 3-acid, purified by several recrystallisations 
from boiling water, forms thick yellow nee^lles or prisms, sparingly soluble in cold water, 
easily soluble in alcohol and ether, fusing when heated and subsequently decomposing, 
with detonation and emission of yellow fumes. The a-barium salt, (C'H*N*p*)*Ba . 2H*0, 
forms yellowish-red prisms which are very slightly soluble in water, and do not give 
off the whole of their crystallisation-water till heated t4i 190®, The 3 -^n« 7 a 
(C^IPN*0*)*Ba.7H''0, crystallises in needles, very soluble even in cold water. Both 
these acids are reduced by tin and hydrochloric acid, yielding nmfdated acids having 
the composition of diamidobonzoic acid, both being very soluble in 

hot water and separating for the most part on cooling, the a-acid in yellowish laminae, 
the 3-acid in needles, both quickly assuming a reddish colour on exposure to the air. 
The hydrochlorides of these amidated acids are quickly retlucod by sodium nitrite to 
the corresponding azo-acids crystallising in hydrated needles which give 

off their water of crystallisation at 100® (Griess, Z^itschr.f. Chem. [2] v. 699). 

MrTA - AMIDOBBNSOIC, Am IDO 8 AL T LI C, Or AnTUBANILIC AcID. 

— This acid, originally obtained by l>oiIing indigo with ptitash (see 
PuKNYL-CAHBAMic AciD, i. 701), hus lately been formed by the action of sodium -amalgam 
on bromamidobenzoic acid (Hiibnor a. Petermunn, Zdtschr. /. Cheni. [2] iv. 205, 
546 ; Ann. Ch. Phurm. qxWx, 129). The bromamidobenzoic acid fp. 317) having been 
shaken up for a considerable time with sodium-amalgam, the acioulatetl solutioi» was 
precipitated with cupric acetate, the resulting cupric salt decomposed with hydrogen 
sulphide, the liberated amidobciizoic aci<l saturated with sulpliuric acid, and the 
aini<iobeiizoic sulphate crystallised out. To obbvin the free amidobenzoic acid, the 
sulphate was neutralised with bjir’um carbonate, the resulting barium salt (lecomp<)Hed 
with cupric acetate, and the precipitated copper salt decomposed witli hydrogen sul- 
phide and puriflefl by recrystallisation. 

The amidobenzoic acid thus prepared, whether from «- or 3-bromamidobonzoic acid, 
forms long shining colourless needles, exactly resembling those of anthranilic acid 
from indigo, and melting at 144®, whicli is also the molting point of anthranilic acid 
(not 132°, as stated in vol. i.). Moreover, wlien treated with nitrous acid, not in 
excess, it is converted (like anthranilic acid) into metA-oxybenzoic or salicylic acid, 
distinguished from ortho- and para-oxybenzoic acids by the cluiraoteristic blue-rod 
colour which it gives with ferric salts. 

The amidobenzoic acid preparo<l as above is therefore mota-nmidobonzoic or 
amidosaly lie acid. Tnis result is intelligible if wo suppose that in brf>nwimido- 
benzoic acid the radicles CO^H, Br, and NK* o<!Cupy the pljices 1:2:3, thus, 
C'*H*(NH''')Br.CO*H ; so that when the bromine is replace/! by hydrogen, the molecule 
C‘H*(NH*)1I .CO*H is formed, in which the CO*lI and NII'^ occupy the positions 1, 3, 

The salts of amidosalvlic acid prepared from bromumido))oiizoic acid (a or 3) 
also exactly resemble those of anthranilic acid from indigo. Tlie barium salt 
(('Ul‘NO^)“Ba crystallises easily in. shining flat needles ; the ortho-amidobenzoate, on 
the other hand, forms needles which are not flattened and contain 811*0. The oopfST 
•alt (G’H*NO*)*Cu forms a green precipibite much lighter and more bluish than the 
orthu-amidobenzoate. The silver salt C^H*NO^Ag forms slender needles which may 
be recrystallised without decomposition, and have when dry the aspect of meiallie 
silver ; the orUuNyukiobeiusoate is much lees stable. The lead salt rC’H*NO*)*Bb is 
either a dense widte precipitate, or crystallises from aqueous or alcoholic solution in 
shining silver-white needlee, which turn yellowish when exposed to light. Amdo^ 
stdyiie stdpkais^ H’SO*, c^stallises from water in thick ohliouely 

tnincated prisms containing 2H*0, whicn give off their water at 126°, and melt at 
188°; and from ^^te akohol, in long thin groups of needles containing 1 mcH. of 
vater (Hubner a. Petermana). 

The aetioii of eytmqyew on anthranilic acid is re^ diffSMretii from that which it exerts 
on ortho-amtdobeiusoic acid. When cyanogen gas is passed into an alcoholic solution 
(ff antkranUie acid, little or no |irecipitaaon ^ an additive product (0*H*NO*.C^) 
takes place ; but on leaving the aatucated solution to itself for abemt s week, the 
anthraniUo acid is almost wholly converted into the et hylic ether of cyan- 
anthraoilie acid, ■■ C*H*(CW)KO*.C*H*, while two other oom- 

pouads, an tvA f" ’ substancs (not immtadc with any of the bodisi 
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obtained in like manner from amidobenaoic acid),a« formed at the same time in ^ 
qSS To^arate the eyananthranilio ether, the al^holic solution is evapor^at 
quAntity. xo » f crvstAllin© residue is washed with dilute ammomum carbonate 
to*rmoTe the acid product, and further purified by recrystal^tion f^ alcohol with 
Animal charcoal It is thus obtained m white needle-shaped crystals, very 
::^X solu“i b^Zg wlr. freely soluble in boiling alcohol and ether. lu 
formation is represented by the equation : 

C’H’NO* + 2CN + Cm^O = C'»H‘®N20* + CHN + H*0. 
Cvananthranilic ether dissolves without alteration in cold hydrochloric acid, but on 
boihnir the solution, decomposition takes place, resulting m the formation of almhol 
Ind c%nanthranilic acid, OTPNW or C»H-(CN)NO^ isomenc with azodiox- 
indol (see Isatin), the latter separating out : 

' + H*0 « C2H"0 + C*H*N*0^ 

Cvananthranilic acid dissolves very slightly in boiling water, alcohol, and ether, 
and crvstalliBes in small white brilliant plates melting above ^50^ ; the solutions are 
neutral to test-paper. The acid dissolves in a< 4 ueous caustic alkalis, but is precipitated 
bv carbonic acid ; its aqueous or alcoholic solution gives a white precipitate "^'th 
silver nitrate. Fuming nitric acid converts it into the nitro- coin pound 
C’FP('NO®VCN')NO‘^, which is reduced by ammonium sulplnde, or by nn aim hyaro- 
chloric acid to the corresponding amido-compound C^II^(NH*)(CN)NO , which 
is basic, and crystallises in slightly yellowish needles difficultly soluble in all neutral 
liquids. Its compounds with acids generally crystellise well, but are for the most 

’^'^vauuutlSnTu^otLr digestwl at 100° in soalwl tuV)es with alcoholic ammonfa ia 
gradually converted into a Imse, C-II’N-O = C’ie(CN)(Nip)NO. which is almost 
insoluble in water, slightly "olublo in boiling alcohol, and crystallises from the 
latter in brilliant nacreous plates : 

C‘0II'®N'W + NIP = C*irN*0 + C*H®0. 

This base is mono-acid. Its nitrate is almost insoluble in water and in alwhol, and 
separates from very dilute solutions of the base in small white plates on addition of 
niteic acid. Its platinum salt 2(C*'Il’N-^0 . HCl) . RCF crystallises in thick yellow 
needles. The base may perhaps bo regarded as the creatinine of the benzoic senes, 
Standing to anthranilic acid in the same relation as creatinine, C H'N O, to sarcosine, 
C*1PN0'^ (Gricss, Proc. Roy. iSoc. xviii. 91). 

Paua-amidohknzoic or Am idod iiacy lic acid, C‘‘IP(NIP)H*.C0 H, 
produced by the action of ammonium sulphide or of tin and hydr^hloric t^jd on 
DitTodracylic acid, has already been described as Para-oxybenzamic Acid (iv. 343 . 

Its barium salt (CaPNO'^^Ba is easily soluble, and crystallises in small 
larainiB. The copper salt produced by mixing the solution of the calcium s^lt with 
cupric acetate, is a dark-green precipitate insoluble in water, easily eol'ible in 
ammonia and in acetic acid; the had salt forms P^Je yellow crystals having a 
vitreous lustre. Amidodracylic sulphate, 2CnPNO^H^SOS separates from water 
acidulated with sulphuric acid, in furaite tufts of crystals easily wluble 
sparingly in cold water (Geitnor a. Beilstein, Ann. Ch. PhaTm. cxxxix. I ; fl 

^^^mrJmmidodractiUc acid. C’H»Br«(NIP)0', ie prixlucM by Mtion of bromine 
and water on an acidulated solution of amidodracylic acid, as a flocculent procipitaw, 
which, when freed from admixed tribromaniline by solution in ammonia a^ 
precipitation with hydnx'hloric acid, crystallises from hot alcohol Ip ^needles. ^ 
lodium salt in silky nee^aa^^ 

talt in tufts of ncoillcs ; the barium rail [C'H*Be(NH“)0’l>Ba.4H O IS 
soluble in cold water : the colt (C'II*BeNOn»C» . fiff 6 and 

4all »ro easily soluble in water ; the zinc.copper, and stlocr tali* are insoluble Boocniens 

**DlEi^Tniidodracylic acid is easily reduced by sodium-amalram to nmidodra^o 

acid. Wi^ nitrous acid in hot alcoholic solution tt yt®lds ^bromodraCTUC ao • 
which sublimes in needles (Geitner a. Beilstein, Zeitschr. /. CAs»». 

’’ cfamidobeneoic acid, C’UWO* = C'H*(NH*)*0*. is dewaribed in wol. i». 
p. 294 as DioxYBBNKAMic Acid. 

Anonenaolo Aotd. C»H»N*0* (Strecker, Ann. Ck. Pharm. cam*. 
rodiumsaltof this acid is produced by treating a 

oitrobensoate with sodium-amalgam, the rednebon taking piaM mownn 
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orolution of hydrogen or formation of ammonia. It is also produced, together with 
glycocine, by me action of sodium -amalgam on nitrohippuric acid. On mixing the 
orange-yellow solution of the smiium sjilt with acetic or dilute sulphuric acid, 
azobcnzoic acid separates as a liglit yellow gummy precipitate, which becomes 
pulverulent on boiling the liquid with addition of alcohol. After drying it is liglit 
yellow and amorphous; it does not loso weight when heated to 100°-170°t but melts 
With decomposition at a higher temperature. When dried at 100® it contains 
. H-'O. It is but slightly soluble in water, alcohol, and ether, dissolves 
with yellow colour in strong sulphuric acid, and is precipitated tlicrefrom by water 
without alteration. Ammonia and the hydnites and carbonates of the alkali-motals 
diHS«>lvo it with lemon-yellow colour ; the ammouiacal solutiou when evaporated 
leaves an acid ammoniacal salt. 

Barium azobmzoate^ 2C''*H*N^Odla. 5H'0, is a lemon-yellow or oriinge-yellow 
granular precipitate, nearly insoluble in water and in alcohol, which gives orf four- 
fifths of its water at lOO'* ; after drying at 140® it contains 2C**ll*‘N’*O^K* . H*0. 
The calcium scUt dried at 140®, appears to have a similar compisition. The silver 9 alt 
is a yellowish-white precipitjito, insoluble in water, but easily soluble 

in ammonia. 

K/hyl azoltenzoate^ C’^II*N®OYC*IP'l*, obtained by reducing ethyluitndienEoate 
with s<xlium -amalgam in alcoholic solution containing a little free acetic acid, 
pnvipitating with w'ater, washing the precipitate with aqueous ammonia, and 
(Tvstallising it from boiling alcohol, forms long goMen-yi^lIow needles melting below 
luO^, solidifying again in the crystiillino form, not volat ilo without decomposition. 
It IS insoluble in water, but dissolves easily in alcohol and el her. With alcoholic 
pitash it yields potassium azobenaioale ; with alc«)holic ammonia it foi'ins yellowish 
laniinne of the amide — probably azobenzami do— -which is produced by treating nitro- 
IxMizamido with sodium -amalgam. Tlie aeiil ami its salts when ignited with soda- 
lime give off only half their hydrogen in the form of ammonia. 

Para-azobvmoic or Azodracylic acid, is obtained by reducing 

sodium nitrtjdracylate witli sodium -amalgam, and separates on addition of hydro- 
cldorlc acid to the ytdlow solution, as a bulky flesh-coloured preci})itate. It mttlts at 
aixive 130®, is sparingly soluble in w'ater, alcohol, and ether, easily in ammonia and 
tixfd c.austic alkalis, also in strong sulpliuric acid, from which latter solution it is 
rej-roeipitated by water. Its ammonium salt 2C'"Jl"N^O*(NII^)Ml*() forms orango- 
yelh)W' erysUils less soluble in w'ater than the azobenzrtaf o ; the sodium salt 
('‘Mb‘X*0*Na* crystallises with difficulty in ncc<lles or warty masses; the Imrium salt 
('‘♦IPN'O'Ba, and the calcium salt C'^lPN^O^Ca .3IIH), are fle8h-c^>h)urod precipibites ; 
the silver salt C**lI*N^O*Ag* is flesh-coloui'eil and amorphous (Reicheiibach a. 
Jh'ilstcin, Ann. Ch. Pharm. cxxxii. 137 ; Bilfingor, ihid. cxxxv. 152). 

The same modification of azobonz^iic acid appears to bo obtained by reducing an 
ammonifical solution of paranitrol)enz*dc acid with zinc (Sokoloff, Jalue.d). 1864, 
p. 344) ; also, together with oxybenzoic acid, by the action of alcoholic potash on 
nitrobenzile (Zinin, ibid. p. 35G) ; 

2C»H»NO« + 4KIIO =* + 2GnRK6» + 21PO. 

Kitrobenzile. Azobonzodte. Oxyl^enzoate. 

The descriptions of the acid thus obtained, and of its salts, df» not quite agroo with 
thr«c of the azodracylates above given ; but the differences are unimportant, relating 
chiefly to shades of colour. 

HYDRAzoBliiliioic ACID, C'^1I’*N*0^, IS piYKluced by treating a Ixiiling solution 
of azobcmzoie liuifd in excess f»f soda-ley with ferrous sulphaU, whercfupon ferric 
hydnvte is first precipitateil, then black ferroso- ferric oxide, ami (ho filtrate yields, on 
^idition of acids, a yellowish-white precipitate of hydrazobenzoic acicl. It is 
bkowise aasily produced by treating az^>benzoic acid in ammoniacal (not in acid) 
solution with zme, and (U>gether with ozo- and amido- benzoic acids) by treating 
nitrobenzoic acid with excess of sodium-amalgam. It is insoluble in water, spariug^ly 
^dublo in hot alcohol, and is precipitjited by water from the latter in yellowish-white 
ftix-Its. With ammonia, potash, or soda' it forms yellowish solutions, which absorb 
oxygen from the air, and are converted into azobenzoates. The warm concentrated 
ammoniacal solution gives with barium chloride orange-red c^stals of tlie Ijariuin 
sa.t C**H'*BaN*0<, and with silver nitrate a yellowish precipitate which blackens 
quickly, with formsUon of azobenzoic acid. Hydrazobenzoic acid boiled with strong 
hydrochloric acid is resolved into szobenzoic and amidobeozoie acids : 2C*^H**N*0^ m$ 
+ aC’H'KO* (Stesekw, he. eU.). 

Hydrazodraejlic acid, C‘*H**N*0\ is obtained in like manner rednetioQ of 

Sup. X 
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azodracylic acid, and precipitated by hydrochloric acid as a light flesh-coloured powder, 
nearly insoluble in water, soluble in hot alcohol, from which it separates on cooling 
in shining colourless crystals. Its reactions are similar to those of hydraaobenzoic 
acid. In alkaline solution it is easily oxidised to azodracylic acid. It quickly 
reduces silver nitrate in presence of ammonia, and is decomposed by boiling hydro- 
chloric fwid, with separation of azodrjicylic acid (Roichenbach a. Beilstein, Ann. Ch. 
Phur^n. cxxxii. 137 ; Bilfinger, ihid. cxxxv. 152). 

Azo-amioohenzoic or BiAzonKNzo-AMinonnNZoic ACin, 

» C^II'N-'O'* . O^IPNO®, originally obtainwl by the action of nitrous acid on 
amidobenzoic acid (iv. 292), may also bo produced by mixing the aqueous solutions of 
diazobonzoic nitrate and amidobenzoic acid : 

C'WN^O^.NHO* -1- C’lPNO'^ = C‘*II'‘NW + CTI^NO^NIIO*. 

By mixing the aqueous solutions of diazobenzoic nitrate and amid^Klracylic acid, or 
of diazodracylic nitrate and amidobenzoic (or amklodracylic) acid, a number of double 
jtcids are produced, represented by the formtda C41'N*0^. C^IPNO‘% isomeric with 
the preicding, and very similar to it in their prf>portios (Griess, Jtthresb. 1864, p. 
353). 

Azoamidodracyl ic aci<l is likewise produced by treating a cold saturated 
solution of nmidodracylic acid with nitrous ether (alcohol saturattHl with nitrous acid), 
as a yellow crystalline precipitate, which ditfers from azoamidol)enzoic acid, by 
yielding, when warmwl with strong hydroehbiric acid, a red cryshdline irrocipitatc of 
chlorodracylic acid (p. 311) and a solution of nmidodracylic hydr<*ehloride : 

+ HCl = C^H'CIO^ + CUPNO* + 

Azo-ftn>l(lo(lra- Chloro- Amido- 

cylio. drocylie, dracylic. 

Nitrous add passed into a hot alcoholic solution of amid(Klracylic acid forms benzoic 
acid and acetic aldehyde, with evolution of nitrogen : 

C'‘1P‘N*'0< + 2C^H«0 + NHO* = 2C’II«02 -h 2C2IPO 2IPO + 2N» 

Azo- amido- Alcohol. Benzoic AUlcltyde. 

dracyllc acid. acM. 

(Wiibrand a. Beilstein, Ann. Ch. Pharm. cxxviii. 257 ; Jahresh. 1863, p. 313). 

Axoxybenaolo aold, is prmlucod, together with aldehyde, by 

heating an alcoholic mdution of nitrobonzoic acid with solid iKitassium hydrate : 

2C’HXN02)02 -f 3C'WO » + 3C«IIH) + 3H’^0. 

The pfitassium salt separates from the rosxilting solution as a reddish crystalline mmxs, 
and the acid separatotl thorofrora by hydrt>chloric acid forms (after treatment with 
animal charcoal) colourless microscopic noodles or I.aminre, insoluble in water, slightly 
soluble in alcohol and ether. The acid is bibasic, its salts having the general formula 
or C*^H*'IVl''N^O*. The barium and silver salt.s are white crystalline 
precipitates (Grioss, Ann. Ch. Pharm. cxxxi. 92). 

Respecting the general relations between the azo-dorivativcs of benzoic acid, see 
Aromatic Skuiks, p. 210. 

X>iaK01>enaolo Acid. CGI‘N^O^ (iv. 294). — An aqueous solution of diazobenzoic 
nitrate or nitrato-diazobenzoic acid mixed with a stjlution of bronpne in hydnibromic 
acid, dep<^sit« an oily ])rocipitate quickly solidifying to yellow prisms of diazobenzoic 
porbrtxmide, C^H^N^OMIllr . Br^ This comiiound is decoin jxised by boiling alcohol, 
in the manner shown by the equation : 

C*lPN»OMIBr.Br» « C’H*BrO* -h N« + Br*. 

yielding bromobonzoic acid identical with that which is produced by the action of 
nromino on benzoic acid, or of hydrobromic acid on diazo-amidobonzoic acid. The 
same decomposition takes place, but with strong detonation, when the wrbromide is 
simply hent^ (Griesa, Ann. Ch. Pharm. cxxxv. 121 ; sec also Ounce a. Hubner, ibid, 
106). 

Isomeric perbromides with similar' projicrties are produced when the abovo- 
mentionod solution of bromine is made to act on the nitric acid compounds of dtaso* 
dnicylio and diaiosalylic acids. When boiled with alcohol they also yield the 
corresponding modifications of monobromobenzoic acid (Griess). 
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SulpAo’dtrivatives of Bemeoio Acid, 

Sulllliobeiisolo aolOy or Salicyl-sulphurotut acid., C'H*SO^ : 

dcscribwl at p. 487, vol. v. KamTnert'r a. Oarius {Ann. Ch. Pharm. cxxxi. 153) havtj 
oldaincd a modification of this aci<l. which they <ic.signato ;is bonzosulphuric acid 

(HO*-*)") 

and represent by the formula (C’^II*)' its follows : A mixture of silver sulphate 

with twice its bulk of poundod glass is heated with benzoyl chloride to 140®-150® for 
a fow hours, till the resulting liquid Rolidifios on cooling to an amorphous transparent 
mass of benzosulphuric anh3’’drido, C’^n’^SO": 


HO*-*)") 
ninUv, 
ipj 

lass is heal 
ii<l Bolidifii 

c»*n‘»s(: 

) (SO®) 

^ + 2(c»)Po.ci) = (O’lin" 

» C’lPO.Il 


O* + 2AgCl. 


This anhydride is resolved by solut ion in warm water intobenzoie and bonzo-sulphuric 
aeids, the former of which crysbvUises out: 

(SO®) ) O’lTH)) ) 

(C’lOrhO® + n®0 === i,fo + lo*; 

OaiHl.Ilj H®j 

and on saturating the warm filtered sohiiion with leail cjirbonat-e, decompf)sing the 
h'ad salt wnth hydnigen sulphide, and evaporating the filtrate at a temperature below 
HO^, benzosulphuric acid is obtained, as a white crystnlline tiimsh nieltitig at 80*^’, 
solidifying again in the crystalline form, easily solnblo in water and in alcohol, an(l 
resolved by boiling its aqueous solution into benzoic and snlplninc acids. From the 
isomeric compound, sulphobonzoic aci*l, it is (list ingnislnsl by the fact that both the 
free acid and its salts, when treated with phosphorus jHMitm'hloride, yield benzo*Hiilphuric 

• lilorido, C’II^Cl®SO® — I (qa* differing in its reactions from the isomeric 

chloride obtain(sl from sulphohonzoic acid (inf'nt). 

The mebillic iKuizosulphales ar(» s«»lnble in w^ater, mostly orystaHisablo, and not 
'hv()miv)sed by luxating to 150^. or by (In' boiling of (heir aipusais solutions. The 
u nt mn/iinm salt C’’n‘.SO'(NIH)* crystallises in nnliate groujw of nctslles ; the acid 
patos^sintn salt C®H^SO*.Kl^, in fibrous nnisses f>erman(oit in the air (the corresponding 
stilphol>cuzoate is offlorcscxjiit) ; the neiitml sodium, salt (VHtSt )'‘Na® crystallises in 
tubs of needles; tho neutral barium salt C*VMS<)^15a . 3l!®0, in microsconie needhts, 
which slowly give off I raol. water over sulphuric acid; the acid fHtrivm salt 
t ’^ll^SOMla. is more soluble than the corresj¥)nding sulphobenzoate, ainl 
forms apparently rhombic, often six-sided prisms. The lead salt C’ll*St>Pb.2H®0 
crystallises in spherical groups of needles wliich give off ono-fourth of their water at 

lit ticnsidphuric anhydride, \» soluble in anhydrous ether, and remains, 

after evaporation of the solvent, as a light-brown amorphous mass melting at a gentle 
heat. Uy solution in water it is dwomposed into l)enzoic and Itcnzosulphuric iicids. 
Hy cxc(\Sfl of bonzfiyl chloride, it is resolved into l»enzoNiilpluiric chloride and l>emMn’c 
anhydride ; 

CUinO® + 3C»H‘OCl - + 2(CaTH))®0 q- IICI. 

C’H»0.h) 

With n, rtill lar^r excoM of benxoyl chloride, it yiolcU sulphuryl chloride, SO’CI’, 
together with other products. 

Jiemosulphuric chloride, obtained ns above or by tho action of phos- 

phorus pentachloride on tensosulphuric acid, or hj heating silver sulphate with excess 
of benzoyl chloride to 160®, is a viscid liquid having a pungent odour, cspedally when 
Warmed. It distils without decomposition at almut 300® (sniphobenzofc chloriite 
decomposes at that temperature, v. 4M), and ss resolved by water into hydrochloric 
and benzosulphuric aci^. Heated with 1 mob phosphorus pontaelitoride, it is resolved 
into snlphuryl chloride and chlorobennayl chUmde, together with phoepbortw 
trichloride: 

cm^soKn* + pci» • so®ci» ^ (thhjio.ci + pof. 

t2 
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With excess of the pentachloride, it yields, instead of chlorobenzoyl chloride, the 
chloride C’H^Cl*, isomeric with chlorosalyl trichloride ; at about 180® the sulphuzyl 
chloride is partly decomposed, yielding chloride of sulphur. The isomeric . chloridd 
obtained from sulphobenKoic acid, heated with 1 mol. phosphorus pentacMoride to 
140®-100°, yields sulphurous chloride, chlorobenzoyl chloride, and phosphorus 
oxychloride : 

c’u^o|ci» C’H'clo.ci + poa*. 

Tblobensofo Acid. C’H*OS = C*H».COSH(Engelhardt.Lat8chinoff 

a. Malyscheff, Zeitschr.f, Chem. [2] iv. 363). — Produced : 1, By the action of benzoyl 
chloride on ^tassium monosulphide : C’H^OCl + K*S KCl + C^H^KOS. 

2. By boiling ethyl or amyl thiobenzoate, thiobonzoic anhydride (benzoyl sulphide), 
phenyl benzoate, or benzoic anhydride, with an alkaline solution of potassium 
sulphydrate : 

C’H^OS.C^H* + KHS = C»H«S + C’H^OSK 

Ethyl Mercaptan. Thiobenzoate. 

thiobenzoate. 

(C’H‘0)2S + 2KHS - H’S + 2C»H"OSK 

Benzoyl Thiobenzoate. 

sulphide. 

+ KHS = CHI-O + C’H^OSK 

Phenyl Phenol. Tliiobcnzoate. 

benzoate. 

{Cm^oyo -f 2KHS = IPS + C’U^O^K + chposk 

Benzoic Benzoate. Thiobenzoate. 

anhydi'ide. 

3. By heating benzoyl sulphide with alcoholic potash or with aqueous ammonia: 

(C’H^O)*S + 2KHO = H*0 + CHPO’K + C’H^OSK 

Benzoyl Benzoate. Thiobenzoate. 

sulphide. 

(C’H^OVS + 2NH» « (C»H»0)H*N + C»H"OS(NH<) 

Benzoyl Bcnzamlde. Ammonium 

sulphide. thiobenzoate. 

4. By heating benzoyl bisulphide with an alcoholic solution of potassium hydrate or 
sulphydrate. 

Thiobenzoic acid is precipitated from the aqueous solution of its potassium salt by 
hydrochloric acid, as a yellow oil which, when cooled by snow, solidifies to a white 
radio-crystalline mass, and may bo purified by washing with water and drying in the 
air. It melts at the heat of the hand (about 24®), and has a peculiar svilphurous 
odour. When exposal to the air it volatilises slightly, apparently with partial 
decomposition. It may be distilled with vapour of water, but is decomposed by dry 
distillation, giving off benzoic acid and other products, and leaving a carbonaceous 
residue. It dissolves easily in alcohol, and in all proportions in ether and in Ciirbon 
bisulphide, and does not crystallise from solution in a small quanti^ of either of the 
two latter liquids, oven when cooled by a freezing mixture ; but the solution when left 
to evaporate in contact with tlie air, deposits a yellowish oil, which gn\dually solidifies 
to crystals of benzoyl bisulphide, 

A crystalline modification of thiobonzoic acid was obtained by Fleischer (Ann. Ch. 
Tharm. cxl. 234) by prolonged boiling of thiobenzoic aldehyde, C^H*S (p. 329), with 
nitric acid of sp. gr. 1-3. To separate it from the benzoic acid formed at the same time, 
the liquid was saturated with sodium ©vrbonate, then mixed with hydrochloric acid as 
long as a yellowish precipitate was produced, and this precipiUite after lacing heate<l 
to 160° in a stream of carbonic acid gas was recrystallisod from hot water. The 
thiobenzoic acid thus obtained is more soluble in water than benzoic acid, and sepa- 
rates thereftom as a yellowish crystalline powder ; fn^m alcohol or benzol, in tufts of 
white needles. The crystallised acid 2C’H*OS.H*0 gives off its water (6*1 p. c.) 
at 110®, and then becomes less soluble in water. When strongly heated it blazons 
without melting (Fleischer). 

The thiobenzoic acid described by Cloez (v. 776) ns a crystalline solid melting at 
120® was, according to Kngolhardt, Ijatschinoff a. Malyscheff, nothing but benzoyl 
bisulphide, (C’H*0)^, into which thiobenzoic acid is easily converted by atmdspherie 
oxidation while in the liquid state. 

Thio^naoic acid heated with nitric acid is oxidised to benzoyl bisulphide and 
benzoic acid. It dissolves in Itaryta-waicr and in aqueous sodium carbonate, ex|>eliii4f 
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eailboiik «id in the latter case. It dissolves in aqueous ammonia, and on evaporating 
the solution on the water-bath, the ammonium salt is partially decomposed, wiUi 
formation of ammonium sulphide. 

Poiastium i^oben^oate, C'H*OSK, preparetl as above is voiy soluble in water, 
dissolves also in hot alcohol, and crystallises on cooling iu large transparent tables 
and prisms, having a faint yellowish colour. Its aqueous solution mixed with a 
solution of iodine in potassium iodide deposits benzoyl bisulphide : 

2C^H'KOS + I* « 2KI + (C’IPO)®S». 

The aqueous ^lution forms with cupric BuJohate a greenish-yellow precipitate, which 
in contact with excess of the reagent gradually acquires a bright red colour ; from 
this red precipitate, carbon bisulphide extracts benzoyl bisulphide. An aqueous 
solution of the potassium salt forms with ferric chloride a violet-brown precipitate, 
turning yellow when warmed. An alcoholic solution of the potassium salt mixcnl 
with ferric chloride acquires a transient violet-brown colour, and soon deposits a 
white precipitate of benzoyl bisulphide, the ferric chloride being at the same time 
reducf.*a to ferrous chloride. 

The sodium salt C’H^OSNa, obtained by dissolving the acid in siKlium carbonate, is 
very soluble in alcohol, and separates therefrom on evajx)ration as an indistinctly 
crystalline mass. The barium salt (C7H‘OS)*na (at 120"^) is also very soluble in 
alcohol, and separates on ovapomtion in hydrsited lamina* which wvsily give off their 
water of crystallisation. The barium salt of Fleischer’s thif)l>enzoic acid is easily 
soluble in water, sparingly in alcohol, and forms hartl crusts mjule of small nodules 
containing (C’II»OS)2Ba . 21PO, which easily give off tlioir water over sulphuric acid. 
The lead salt ^0’H*0S)’‘'Pb is a white precipitate insoluble in water, but slightly 
soluble in boiling carbon bisulphide, and separates on cooling in small slender needles. 
When warmed it turns black, from formation of lead sulphide. Tlio silver salt 
C^JPOSAg is a yellowish-whito precipitate insoluble in water. It is but very little 
decomposed by boiling with water, but if an aqueous solution of the potassium salt 
be boiled with excess of silver nitrate, and the solution boiled together with the pre- 
cipitate, the latter soon turns black, being converted into silver sulphide and benzoic 
acid. 

Kthyl tkiohenzoate, C’H*OS . C*IP, first obtained by Tiitschoff {Vetersh, Acad, null, 

V. 29o) by the action of benzoyl chloride on lead mercaptide, rC*il*SPPb + 
2C’H*OCl =a PbCP + 2(C^H‘OS . (/*IP), is likewise produced by boiling silver 
tJiiobcnzimte with ethyl iodide. It is a transparent colourless oily liquid smelling 
like ethyl benzoate and mercaptan ; boils at 243®, is insoluble in water, wdublo in 
alcohol and ether. Boiled with alcoholic solutions of p<jUissium hydrate and sulphy- 
yioltls mercaptan, together with benzoate and thiobenzoate of potassium. 

B hon boiled with nitric acid, it yields, according to the strength of the acid, benzoic 
or nitrobenzoic acid, Uigether with othylsulphuwjus acid. Amyl thiobenzoate 
C’ IPOS . 0*11", obtained by heiitin^ amylic morwiptan with benzoyl chloride, is an 
oily liquid insoluble in water, easily soluble in alcohol and ether; boiling with 
Ijartial decomposition at 271®. Its reactions are exactly analogous to those of ethyl 
thiobonzoate. ^ 

Bknzotl SuiPHiDB or TnioDEifzoic Akhtdridb, (C’IP0)*.S, is pro<luced by the 
Jwtion of benzoyl chlordo on potassium thiobonzoate : + C’H*0C1 » 

KCl + (C^H*0)*S. The product washed with water and s<xiium carbonate leaves an 
oil soluble in ether; and on evaporating the ethereal solution, benzoyl sulphide 
separates as an oil which solidifies at low temperatures to a ci^stalline mass^ and 
»nay be purified by recrystallisation from ether. It is insoluble ill water, easily 
soluble in ether, and separates therefrom by evaporation at low temperatures in large 
prismatic crystals having a waxy lustre; boils at 4fi®, and is decomposed by dry 
^J^llation, leaving a residue of charcoal, and yielding various oily and crystalline 
P^ttcte not yet examined. It dissolves easilV in warm aqueous ammonia, forming 
benzaittide and ammonium thiobemtoate ; also lb alcoholic solution of potiuMitim 
sulphydrate, with formation of thiobenzoic acid. 

j*?**^^^ (C^H*0)*S*, is obtained by atmospheric oxidation of thiobeosoie 

fioid dissolved in carbon bisnljpiiide or in ether ; by oxidising thiobenzoie acid wilJi 
nitric acid ; and by the oxidisiog action of iodine, enpric sulphate, or fierrie chlo ride 

potassium thiobeazoate in aqueona solution. It is also produced, toother 
'nth the monosnlphide (C*H‘0)*8, by gently beating lead sulpni^ with beasoyl 
chloride diluted with ether. Mosling (Ann. Ch, Pharm, cxviii. 304) obtained it hy 
the Bctira Kit hydrog|en sulphide on Mnzoic anhydride. It is oonveniently pmared 
1? pouring a solution of iodine in potassium iodide into an uqtiecms solmtioB at 
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potassium thiobenroate, dissolving the ^ied precipitate in boiling carbon bimilj^ide, 
from which it separates, by slow cooling or evaporation in a warm {>laee, in Urge 
shining prisms or six-sidod tables, and by rapid cooling or evaporation in six-sided or 
rhombic tables. It dissolves with difficulty in boiling ether or alcohol, melts at 
1 28®, and assumes a violet colour when heat^ a few degrees above its melting point. 
It is insoluble in water and in aqueous ammonia, not acted upon by nitric acid ; 
dissolves in alcoholic solution of pobissium hydrate, with formation of benzoic and 
thioboiizoic acids ; easily in alcoholic solution of potassium sulphydrato, with evolution 
of hydrogen sulphide and formation of thiobonzuic acid (Engelhardt, LatschiuefiT, a. 
Malyschelf). 

Thiobenzoyi. Sulphydrate or Bithiobknzoic Acid. = 

^ ~ C®II* . CS^H (Engelhardt a. Latschinoff, Zeitschr,/. Chem, [2] iv. 455). — 

Produced by the action of bonzotrichloride (p. 282) on potassium monosulphide ; 

OIP.CCP + 2K^S - 3KC1 + C»n\CS‘K 

Bonzotrichloride. Potnssimn 

dithiobonzoato. 

1 mol. benzotrichlorido is added to an alcoholic solution of 2 mol. potassium 
Bulphido diluted with a largo quantity of alcohol, to mcxlcrate tho otherwise violent 
reaction. Chloride of potassium then soparati^s out ; the mixture is finally heated 
over tho water-bath to complete the reaction ; the reil alcoholic solution is 
filtered, tho j)oUi8siuni chloride washed with alcohol ; and the unitotl liquids nro 
mixed with water, which throws down a small quantity of resinous substance. Tho 
u<|uoous solution filterotl therefrom contains sulphide, dilhiobeiizoate, and a small 
(quantity of chloride of prgassium. On mixing it with lefid acebtte, a black precipitate 
of leatl sulphide is first formed ; anil tho liquid filtered from this precipitate yields with 
lead acetate a rod precipitate of nearly pure lead dithionate, which may be completely 
purifloil by crystallisation from boiling commercial benzol boiling at 122®- 130®. Tho 
lead salt treated with arpioous solution of potassium or ammonium sulphide yields 
a precipitate of leail sulphide, and a roil solution of poUissium or ammonium 
ditbiobenzoate, 

Dithiobonzoic acid is also fonneil as a lead salt, (C^Il'S‘^)'^Pb, by treating le»ui 
sulphide with benzoyl chloride at a high temperaturo, whereas if the tomperaiure bo 
kept low, the pnxlucts of this reaction are benzoyl monosulphide and bisulphide 
(p. 325); and Fleischer appears ti> have obtained it ns a potassium salt, together with 
berizytono sulphide, (7^^S, by heating benzyleno chloride witli an alcoholic solution of 
potassium sulphydrato (p. 281). 

J>itkiof>encoic acid, CHIPS'*, is obtained by treating the ammonium or lend salt with 
liydiMchloric acid. It is unstable, quickly decomposing in conUict with the air ; 
iust)luble in water, easily soluble in ether and in alcohol. A small quantity of it 
dissolveil in ether colours tho liquid a splendid carmine-red. When the oily acid, 
se^Mirated from the aqueous solution of the potassium or ammonium salt, is exposwl 
to the air for some time under water, it is converted into a resin insoluble in dilute 
ammonia, and apparently consisting of a mixture of tho compounds (C'I1*)*S" and 

Amnumium dUhiol)cnzoate in aqueous sohition has a fine dark orange-red colour, 
gives with lead acetate a minium-cotourcti precipitate, with silver nitrate a brown-red, 
with mercuric chloride a brownish yellow, with bismuth nitruto a red, and with 
cupric sulphate a black-brown precipitate. Tho aqueous solution evaporatoil in 
contact witD the aiir, decomposes, with separation of a rosin similar to that deposited 
from tho solution of tho free acid. Tho wtassium salt is Oivsily soluble in water, 
alcohol, and other, insoluble in carbon bisulphido ; tho a< 4 ueous solution decomposes 
on evaporation like that of tho amnionmm salt. Tho lead sail (C’H‘S*)*Pbis insoluble 
in water, slightly soluble in boiling other and alcohol, and crysfitllises from these 
solutions in very thin orange-rt'd needles ; more soluble in boiling carbon bisulphide, 
an<l still more in boiling benzol (B. P. 122®-130®), and sepamtes from either of these 
solutions in beautiful red noodles. Boite<I with strong hydrochloric acid, it yields 
dithiobenxoic acid, which may be extracted by other. Nitric acid oxidises it, with 
formation of lead sulphate. The fnercuric sail C*H*S*I3^, obtained by pfrecipitatiofi, 
is insoluble in water, soluble in boiling alcohol, ether, and benzol ; crystallises from 
alcohol in shining laminse of a reddish golden-yellow colour, like mosaic gtdd ; from 
bensol in tufts of laminis haviv^ a golden lustre. The siloer salt CrH*S*Ag is a 
brown precipitate insoluble in water and in benaol. 

Chioiwiitkwbensfoio atfid, C*H*Cl . CS^H, is obtained by treating monoehloro h mM K N 
trichloride (p. 283) with alcoholic siduiion of potassium sulphide, the pxooeee being 
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conducted similwly to that for the propiiTHt ion of dithiobonisoic acid. The Uad salt 
(C^H*ClS*)*Pb is a minium-colourtsd prccipiUvto, which dissolves in boiling benzol 
and carbon bisulphide, and crystallises therefrom in boiiutiful red slender needles. 
When heated with strong hydrochloric acid, it yields the free acid C’H’*C1S^ as a 
violet-rod oil. The mercuric salt (C’H*ClS*‘*)*Hg, obtainetl by precipitating an ethens)- 
alcoholic solution of the Jicid with mercuric chloride, is somewhat less soluble in 
bailing alcohol than the dithiobenzoate, and crystallises on cooling in small shining 
laminie of a greonish-gold colour. 

BSH'XOXC AXiXIBBYBB. Benzaldehyde. Bemoyl Hydride, Bitter Almond 
Oil. C^H^O = C‘H*.COH. — The following modes of fonnation of this compound 
have been observed, in addition to those alrojvdy given (i. 5G8) : 

1. By the action of alcoholic iX)tiV8h on bonzylene chloride: C^IFCI* -t- H*0 » 
21IC1 -f C^H*0 (Calioiirs, Compt. rend. Ivi. 222). — 2. By treating benzylene chloride 
at oniinary temperatures with strong sulphuric acid, adding water to the mixture and 
distilling. The reaction is : 

(1) CW.CUCr^ + 21PSO‘ « 2IIC1 + CTP. CH(80«H)» 

(2) C«H'.CH(SO‘H)^ + IPO = 2U>80« + C“lP.COH 

(Oppenheim, Zeitschr, f. Cheui. [2] v. 441). 

3. By heating benzyl chloride to lOO*^ with an o<jual weight of nitric acid of 
27° Bm. diluted with 10 vol. water ; 

c’lpci + Niio" = iioi + Niio'^ + capo. 

A largo quantity of benzoic acid is formed at the same time. Benzoic aldehyde is 
obtained in greater quantity by hwvting the benzyl eliloride (10 grn»8.) with Iwvd 
nitrate (14 grms.) and water (100 grnls.) to the boiling point for an hour in an 
atmosphere of carbon dioxide. 

4. From benzoic and phtlmlic acids, by passing their vapours over hoJiUul zinc-dust 
(Baeyer, Jahresh, 1866, p. 263) ; from benzoic acid also by reduction with stannous 
chloride (Dusart, ihid. 1862, p. 263). 

/>. In small quantity, together with benzene and an unknown substance, by lioating 
a mixture of 1 pt. sodium phthalate ami 4 pis. nvlcium oxalate with 4 i>U. calcium 
liylrate (Dusart). — 0. Together with glycociiie, l>y the aetimi of nascent hydngen on 
liij'puric acid. 

7. By heating the silvor-cxjinponnd of dloxindol, (’“H^AgNO-', the silver being at 
tlu' sanm time re<luce<l (Baeyer a. KiU)p, Jahret^h. 1866, p. (539). — 8. In the germina' 
tion of tile .seeds of lApidium satimiru (M. Schulze, dnd . 1862, DO‘2), 

Vrt paraf ion from Bitter Almondn. — Micintel Pottenkofer (Afw. i'h. Vharm, exxii. 
77 ; Jahre.dj, 1862, p. 261) atthlmtes the Variation in the yield of oil from the same 
material to the fact that too little attention is generally paid to eiiHure the complete 
dissolution of the amygdaliii contained in the almonds, and t<j prevent the premature 
deo'imjsisition of the emulsin. To obtain a uniform and maximum product, ho 
recommends the following process: 12 pts. of the coarsely pul veristxl press-take of 
bitter almonds (i. /)98) are stirretl up with 100 t«i 120 pts. of boiling water ; the pasty 
m.is.s, after being kept at tlie .same temptirjiture for a quarter to halt an hour, and 
then left to ccxjI, is mixetl witli 1 pt. t>f the same tuilverised press-cake stirred up 
with 6 to 7 pts. of water; and the mixture, after 12 hours’ maceration, is subjected to 
a nuxlerately rapid distillation. The distillate contains all the volatile oil and 
prussic acid that can be formal fnau the amygdaliii present; 48 oz. of press-cako 
yield 7 drras. (nearly 2 p. c.) of bitter almond oil. For the methods of purifying the 
hitter almoml oil from prussic acid, see vol. i. p. 668. 

Reactions, — 1. Bitter almond oil made up into a paste with phosphoric anhydride^ 
in such a manner as not to allow the mixture to get hot, hardens atYer a few days, 
and the portion of the mass which is insoluble in warm water dries up on the water* 
bath to an ia<xlor(rus resin, resembling colophony, and having, when purified by 
precipitation of its alcoholic solution with water containing hydr'jchloric acid, nearly 
the same composition as the a resin of gum-1x)nzoin ; it yields by dry distillation a 
thick brownish oil, t<jgether with a larg*; ejuantity of benzftic acid, and by fusion with 
piitash, benzoic and paraoxybenzrac acids (HlasiweU a. Barth, Ann, Ck, Pharm, 
cxxxix. 83 ; Jahresh, 1866, p. 632). 

2. Bitter almond oil carefully mixed with sulphuric anhydride is converted into an 

scid C’H*30', whose barium salt crystallises in hydrated nodules 

which give off their water at 170° (^gelhardt, Jakr^, 1864, p. 360), 

3. Qaaeoua hydriodie acid converts benzoic aldehyde into the compoiind C**H**I^ 
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(Geuthor a. Cartmell, i. 672) ; but by heating with 20 pts. of saturated aqueous 
hydriodic acid, benzoic aldehyde is mainly converted into toluene : 

C^H^O + 4HI = + H*0 + 21*, 

together with smaller quantities of benzene and carbon dioxide (Berthelot, Jakreth. 
1867, p. 346). 

4, Benzoic aldehyde diluted with coal-tar naphtha (boiling at about 100°) rapidly 
dissolves sodium, producing a compound which separates in gelatinous flocks, and is 
decomposed by water into benzyl alcohol, C’H’^0, benzoic aldehyde, and sodium 
hydrate (Church, Phil. Mag. [4] xxv. 622; Jahresb. 1863, p. 337). Fricdel {Bull. 
8oc. Chim. 1862, p. 18), by treating benzoic aldehyde with sodium-amalgam and 
water for four or five days, obtained a quantity of benzyl alcohol equal to half the 
benzoic aldehyde employed. By treating benzoic aldehyde with siKlium-amalgam and 
water in an atmosphere of hydrogen, Cliurch obtained, besides benzyl alcohol, a body 
which he represents by the formula and designates as dicresol. Claus {Ann, 

(Jh. Pkarm. cxxxvii. 92), by treating an ethereal solution of benzoic aldehyde with pasty 
sod iuin -amalgam for 12 hours, obtained a bwly having the composition 
isomeric with hydrohonzoin ; and Zinin cxxiii. 126) has obtained hydrobenzo'm 

by treating benzoic aldehyde with ah alcoholic solution of hydrochloric acid and 
granulated zinc. Claus, in a suhscijueut paper {Zritschr. f. Ckem. [2] iv. 127), 
regards the body C*^H‘^0*, obtained by the u.so of s^xiium-araalgam (with which 
Church’s so-cjdlod dicresol is in all proh.ihility identical), as oxyhensylw ether, 
— CnOII — O — CIP — ( a com pound i ntemiediato i n constitution between bonzj’l 
alcohol and benzoic aldehyde — inasmuch as it may ho converted into benzyl alcohol 
by further treatment with soiUum-amaJgam, and is easily oxidised to benzoic aldehyde 
by treatment with cliromic Jicid, oven in the cold. This body is also related to 
benzoic aldeliydo, C4£“0, in the same manner as pinacone, C*II*^0, to acetone, C*H*0. 
When benzoic aldehyde is heated with sfKlium-amalgam, and a stream of carbonic 
acid gas is pas.sed into the Tupiid, sodium horizoato is formed, together with an oily 
liquid, boiling at 314° (Alexcyoff, Ann. Ch. Pharm. cxxix. 347). According 

to Grovillo Williams {Chem, News, xv. 2 It), benzoic aldehyde repeatedly treated 
with sodium at a high temperature is converted into toluylono (stilbene), C*’II**, 
together with other products : 

2C’1P0 + « C»<H‘* -t- 2Na*0. 

5. Benzoic aldehyde boated to 100° with succinyl chloride, is converted into 
bonzyleno chloride and succinic anhydride (Rcmbold, Ann. Ch Pharm. 
cxxxviii. 189): 

0^11*0 + C<H'0*C1* = C’lPCl* -f C’H'O*. 


6. When benzoic aldehyde is left in contact with ammonium, carbamate in a flask 
(under an oxsiccjitor), the whole sididifios after some time ; and on heating the mass 
with ether, water, and agjiin with other, then leaving it for some days between filtering 
paper, and drying, a colourless, apparently amorplious body is obtained, having the 
composition of ammonium cjirbamato with 4 at. H replaced by 2 mol. 0^11“ ; thus : 


IP) 

(CO)" 

NUM 


N 

O 


2C’n«o 


2IP0 4- 


IP 

(CO)" 

N(C^H«)* 


N , 


Q' 


On heating thi.s bo<ly with aleolu' xnd filtering, crystals of hydrobenzamide are 
obtained (K. Mulder, Zeitschr. f. Chom. |]2] v» 68). 

7. A precisely similar action tiikes pbice with ammonium oxysulphocarbamate, 
* H * I 

(0S)"Vq (produced by passing carbon-oxysulphide, COS, through alcohol saturated 
... H*)^ 

with ammonia), resxdting in the formation of the body “which is 

N(C»H*)*j^ 

also colourless and apparently amorphous, but when heated with alcohol yields a 
cry^stallised body dilleraut from hy<lpobenziimide (Mulder, loc. cU.). 

8. A warm ^uCous solution of amylamine bieulp^s, satiated with benzoic 
aldehyde, deposits on slow cooling, crystals of hydrated amylamine benzoyl 
bisulphite, C*Ii**N.SH*0*.C'H* + n*0, which give off their water in a vacuum 
over sulphuric acid (H. Schiff, Zeitschr, f. Chem. [2] iv. 12). 

9. Benzoic aldehyde heated with acetic anhydride to 160° fbr several hours, unites 
with it, forming the compomid C^*H**0* «» C^H*(C*H*0*)*, identical with be nzylenei 
biacetate (i. 678). When purified by distilling the product, and washing the 
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portion which passes over above tlio boiling point of bonsoic aldehyde with aqueous 
sodium bisulphite, it remains as an oil, which quickly solidifies to a crystalline mass, 
melting at 45°, very easily soluble in alcohol and ether, and distinguished- by its 
crwvt tendency to crystallise (Gcuther, Ann. CA. Pharm. cvi. 249 ; Hiibner, BuU. Soo, 
Chim. [2] viii. 459 ; Perkin, Ckem. Soc. J. [2] v. 586). 

10. Witli acetyl chloride., benzoic aldehyde forms cinnamic (phenyl-acrylic) acid : 

c*H»oci 4- CGPO = Hci + cnro* 

(Ilertagnini, Ann. Ch. Pharm, c. 125). With butyryl chloride, in like manner, it 
forms phenyl-angelic acid (Fittig a. IViebcr, Z- itachr. J. Chern. [2] v. 333) : 

c*iroGi + = jici + c"H‘-o». 

11. AVlion bitter almond oil containing rtciV? is left in contact in a clo.iod 

flask for two hours with aqnoons hydrochloru' acid siituratod at 8°, the watery and 
oily liquids then shaken t<^gethor, while the vessel is kept ox)ol by immersion in cold 
Wiiter, the whole again loft U> itself for 24 hours, and once more shaken up, the liquids 
Holiilifv br>gother to a mass of crystals consisting of d i be n zoy I-hydro cyan i d e, 
(C’lPO)* . CNII. This compound is nearly insoluble in boiling water, slightly 
soluble in boiling alcohol, ether, and benzol, and cryKtallises from alcohol or glacial 
acetic acid in small prisms molting at 195^, and decoinjxvsing wlion volatilised into 
an oil and charcoal. Ilealoil with aqueous hydrochloric acid to 120°, it decomposes, 
with formation of benzoic nlc!ehy<le, inaiuhdic aci<l ( ?), and sal-ammoniac. Iioah^l 
with water or alcohol to 180°, it is entirely resolved into benzoic aldehyde atkd 
niandelamide, CIPNO-* : 

(C»H-0)2.CNH + IV-O == CTPO + ^^.^(OIO.GONH^ 
which crystallises from w'ator in rhombic or hexagonal tables (Zinin, Zeiischr. f, 
Chem, [2) iv. 709). 

12. The yellow resinous body prtKluccd by prolonged conbict of ammonia with 

l.iitter almond oil containing prussic iicid wa.s examined by Jj^iurent and by Oerliafdt, 
wlio obtained from it various pro<lucts, acconling to the circuinstJii»c('S of its formation 
(i. 599). Th. Miiller a. II. Limpricht {Ann. Ch. Pharfn. cxj. 136) have examined 
the prixluct obUiined by the action of ammonia on that portion of crude bitter 
almond oil which remains in the retort after distillation at 184°. The yellow resin thus 
formed is resolved by other into an insoluble portion containing hydrol)enzamide and 
other bothes. and a solution which, on addition of alcohol, deposita a largo quantity 
<tf a crystalline substance, not exhibiting a eoiistant comp^isition, oven after repoutocl 
crystal lis;itiou from alcohol. Its alcoholic solution niixe<l with hydrochloric acid 
gives off hydrocyanic acid, and yields necdle-shapetl crj’stals of a hydrochloride 
t . 211C1, fivjm which potash separates a base, cryshillising from 

dilute alcohol in shining laminae molting at 122°. The eulpluite C'GI**N*. H*SO* 
crystallises in needles; the platinum mlt C'^Il‘*‘N'''.2HCl.PtCP is a yellow pre- 
cipitate. 

Variu hlorchcnzoio aldehyde, C*JPC1. COII, is productnl by prolonged boiling of 
chloiobonzyl chloride, C*lPCi. CH’Cl, with lead nitrate and water; more easily by 
beating cblorobenzyleno chloride, C*I1'C1 . CHOP, with water in a sealed tuVx). When 
Separated from its compound with sodium bisulphite, it is an oil which lajils without 
(Iccomposition, smells like bitter almond oil when cold, and when boated gives off a 
strongly tear-oxciting vapour (Beilstoin n. Kuhlberg, Zeiischr. f. Chem. iii. 467). 
The s;imo compound is obtained by distilling cblorotribenzylamino, (C*ii**c5l)*N, witn 
I >r- inline and water. (See Bknzylaiiikes.) It passes over with the aqueous vapour, 
ami when purified os above, boils between 210° and 220°. When exposed to the air 
it (juickly absorbs oxygon, and is converted into parachlorobenzoic acid (Berlin, Ann, 
Ch. Pharm, cli. 140). 

Tetrachlarobenzoie aldehyde, OHCl^.COH, appears to bo produced by heating tba 
chloride C*HCB.CH*a with water to 280° (Beilstein a. Kuhlberg, ZAtechr. [2] 
V. 528). 

TuiOBBNZOlC XXDBHYBE Or T H lOBBKZOT L HTDSIBX, 0^^ *« 0*H*.C8H, 
the compound which Lsiurent obtained by the action of anunoniimi snlpHide on an 
aU*oholic solution of bitter almond oil (i. 671), w probably ’^jdsotical with the 
Ijenzylene su^hide or snlphobenzol which Oahonrs obtained by treating boniiyleno 
chloride, C^£l>Cl*, in alcoholic solution with potassium sulphydrata 677)» although 
haurent’s product is described as a white powder softening at 90°-06°, wnereas that 
obtained by Cahonrs crystallised in micaceous scalmi melting at 64°. The lattsv 
product has been fuitliBr examined by Fleischer {Ann, Ch, Pharm. cxl. 23^, wbo 
finds that it melts at 6 S°-‘ 70 °, and decomposes at a higher tsmpeimtnre, yieUing 
toluylene or stilbene, C**H‘*, thionessal, (the products of deoompoiitioii 
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obtninod by Lruiront), together with tolallyl sulphide, C*^H*®S. It dissolres easily in 
ether and benzol, loss easily in al&jhol, and crystallises from the latter in white 
shining lamina?, from ether in transparent prisms. The alcoholic solution does. n( t 
unite with mercuric oxido ; with mercuric chh>ridc and lead ace/ate, it forms pre- 
cipitates wliich quickly decompose. Bromine produces in the ethereal solution a 
brown oil, which strongly attacks the mucous membranes. Nitric acid of sp. gr. 13 
converts it into a yellowish oil, and, after prolonged boiling, forms, together with 
sulphuric and benzoic acids, a peculiar modificiition of thiobenzoic acid, 

(p. 324). 

In preparing the compound C'H''S by the action of potassium sulphydmte on 
bonzylono chl(>ri<lc, Fleischer likewise obteiuod d i t h i oben zoic acid, = 

(p. 320), perhaps in consequence of the presence of ^jtassium bisulphide 
in the sulphydrate. It remained in solution after the monosulphido had been thrown 
down by water, and was separated therefrom by hydrochloric acid as a red non- 
crystallising oil having a fetid odour. 

Parachlorothioheiicoic aldehyde^ C^II^Cl . CSII, separates on passing dry sulphydric 
acid gas into the alcoholic solution of parachlorobenzoic aldehyde, as a pale rose- 
coloured flocculent precipibite, instduble in alcohol, but easily soluble in benz<)l, and 
remaining on evaporation of that solvent as a transparent varnish (lioilstein a. 
Kuhlberg). 

BMirXOZG CBZiO&XBB or BUBZOTZi CBX.OBZBB. C^H^'OCl = 
O®!!'* . GOCl (i. .'ibG). — This compound is pro<lnced synthetic^illy by the action of 
carbonyl chloride on bciizeuo in sun.shirie: (J‘U“ + COCT^ == HCl + C'lPOCl 
(llarnitz-Uarnitzky, Bulk *SV>e. Chhn. [2] iii. 3 22). It is formed also by the action of 
sulphur dichlorhlo, on sodium benzoate, or at a high temperature on benzoic acid 

(Carius, Ann. Ch. Pharm. cvi. 291). Red chloride of sulphur likewise converts 
sodium benzcNito into benzoyl chloride (lleint/.). Beketoff (ii/id. cix. 256) obUiined 
bonzf)yl chloride in small (piantity l»y heating a mixture of benzoic acid, sodium 
cliioridu, and sodium anhyilii?sulphato to 200°: 

CU1"0« + SO» + 2NaCl C’H'OCl -h HCl + Na^SO*. 

L»wtly, bonatoyl chloride is formed, together with other pnxlucts, by the action of 
phosphorus pontechlorido on hippuric acid (Schwanort, iii. 158). 

Iteaclions, — *1. Benzoyl chloride is not acted u|X)n by chlorine, even at the boiling 
heat (Oriraaux a. Vn^rt, Diet, dc Chintie , i. 500) — 2, By treating benzoyl chloride 
with ‘phosphorus j)cvt€(K'hhridc,lLAmx>\'\v\\\ {Ann. Ch. Phurm. xca-x.. 171) has obtained 
the compounds C’ll and in addition to the trichloride C^H^Cl* pre- 

viously obtained by 8cbischkoff a. Rosing (i. 567). 

3. Benzoyl chloride treated with potivtsinni monosnlphidc in alcoholic s olution, is 
converted inte thiobenzoic acid, and by lieating with lead sulphide into benzoyl 
bisulphide (p. 325). — 4. With .'odphnrie anhydride it unites directly, forming 
aulphob onzo i c ch 1 or hy d r a t e, <.>llMd.SO* (v. 488) (Engellmrdt, t7«Arc,s5. 1804, 
p.019). — 5. lloatod to 14()°-150° with Civustic barybi, it yields benzoic anhydride, 
the reaction doubtless consisting in tlio first instance in the formation of barium chloride 
and barium benzoate, from which the benzoic anhydride is formed by the action of the 
benzoyl chloride (II. Gal, Jahrmh. 1863, p. 337). A similar reaction, but less com- 
plete, takes place with lead oxido. — 6, With harium dioTicU^ BaO*, benzoyl chloride 
yieUls benzoyl peroxide, (CFIIH))'0“ (Brmlie, iv. 310). 

7. Benzoyl chbiride is not attacked by potaeAnm or .vot/mwt at ordinary temperatures ; 
but when its solution in anhydrous other is heated with stxlium for 24 hours in the 
water-bath, the ether deposits small crystals of di benzoyl, (C'H'O)* (Briegol, 
Bidl, Soc. Chim. [2] v. 278). — 8. When dry hydrochloric acul gas is slowly pissed 
through liquid sodinm amalgan^ (containing but little sodium) covered with a layer of 
benzoyl chloride, benzoic aldehyde is first pnKluced, and this by farther addition of 
hydro^n is converted into benzyl alcohol (lappmauu. ibul. iv. 249). 

9. into a solution of benzoyl chloride in anhydrous ether 
forms bennvmide and dibenzamido (Baumert a. Landolb, Ann. Ch. Pftarm, cxi. 1) : 

3CrH»O01 4- 3KNH» = C’H»NO + C»H*'NO* + 3KCI + NH*. 

Beaaoyl Bcosiunide. I)ibenBamt<is. 

chloride. 

10. W ith orgentHmtnoniHm sulphate (an ammoniaeal solution of sitver-oxide 

tnix^ with sulphuric acid) benaoyl diloride forms ammoniuni sulphate, dbloiide, 

and bensamide (Engelharot.* Ann. Ch. Pharm. cviii. 883): 

(NH»Ag)*SO* 4^ 3C»H^OCl « 2(NH».C’H*0) ^ H*SO* 4- 2AgCL 

11. Ikmzuyl chloride heated with potassium cyantUs gives off a small quantity of 
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bonsonitanle, C’H*N, and leaves cyaphenine, C?**1I*^N* (a solid substance polymeric 
therewith), mixed with potassium chloride (Oloes, Bidt. Soc, Chivt, 1869, p. 100). — 

12. With eth^l it forms benzoyl-ethyl, C’H*O.C*H*, which separates on addition 
of water as a fragrant liquid boiling at 117® (Freund, Ann, Ch. Vharm. cxviiii. 1). — 

13. With the zinc-sJilt of amid^benzoie acid it forms bonzo-umidobenzoic acid, 
0’II*(C»H‘0)NO* (Foster, iv. 292).— 1 4, Heated to 200® in a sealed tube with 
i lhyl succinate, it yields succinic anhydride, ethyl benzoate, and ethyl chloride (Kraut, 
Ann. Ch. Pharni. cxxxvii. 264) : 

Cai'O ) 


(CHPf $ 


+ C*H*OCl - C*H*0».0 + 


oJh.(o + C’n'cl. 

16. Iscthionates arc converted by benzoyl chloride into bonzoyl-iscthionatcs, o.g., 
C*lI\KSO^)OH + CHHOCl » HCl + Cni‘(KSO=’)OC»IPO. 


With eth^l su^hates a totally different reaction takes place, resulting in the formation 
of ethyl chloride. With sutphanilic avul, in like manner, it forms bcnzoytsulphanilic 
aoid, C‘‘1F(11S0*)(C (Kiigcdhardt a. Latschinoff, Zaiischr. f. Chetn. [2] iv. 

234, 266.) 

16. Benzoyl chloride unites directly with nicotine, forming the compound 
. 2C’Il*OCI, which may bo regarded as hydrochloride of boiizoyl-nicotiiie, 

/('luinayvk 'inii muv > 

chloride of bonzoyl-nicotammonium, (**• 

Will, Ann. Ch. Pharm. cxviii. 206). — 17. Witli kpdroTf/lamine, NIl'^(OII), it forms 
dihenzliydnixamidu, N(C’IHO)*0}l (C. A. Ilcintz, Zettsekr. f. t'k<m. [2] v. 733). 

Chlorohcn z oyl chloride, C’H^CIO . Cl, is pr<Klnco<l by llie action of 1 mol. 
l>hoHphorus poiitachlorido on bonzosulplmric chloride, Cni'SO’Cl^ (Kiimmerer a. 
Csrius, p. 323); and by gently heating 1 mol. quinic aci<l, with 6 mol. 

phosphorus pentachlorido (Graobc, Atm. Ch. Phar-m. cxxxviii. 197); 

C»H'»0« + 6PCF = C'n«C10.CI -f 6POCI* + Slid. 


Meiachlorohenzoyl chloride, or Chloroealyl chloride, C’lI^ClO.Cl, 
isomeric with the preceding, is the compound u hich Chiozza obtaihiHl by the act ion 
of phosphorus iicnta chloride on salicylic acid (i. 668: there calloil rklttride (jf 
partichlorvbenzoyl). It is transfonnod by water into metachlorobenzoic or chlonisalybc 
acid ; by ammonia into chlorosalylamido ; by aniline into cblorosalyluiiilide. According 
to Kekiili^ {Ann. Ch. Pharm. cxvii. 146), it is partly dccomjHised at each distillation, 
hecoiiiing riclier in chlorine the oftener it is rcctitled. 


BBWXOZC OUDB or AmTOBTOB. (C’nM))20.— This compound is 
I'rtKlucod, according to Gal (p. 330). by heating benzoyl chloride with barium oxido 
to 140*^-160® for twenty hours. Its specific gravity in the liquid state is 1‘227 at 
27® and 1-200 at 26*8° (Mendelojef, Jakresb. 1868, p. 274). Heated in dry hydro- 
chloric acid gas, it is resolved into bciizoic acid and benzi^yl chloride : 

(C’n^O)*0 + HCI = C’lPO.HO + C»II»OCl. 

By prolonged heating in dry sulphydric Jicid gas it yic-lds a distillate of bonzrdc acid, 
mixed with oily drops opp*i-r©ntly consisting of benzi^ic aldehyde and a residue of 
lH!UZ4>yl bisulphide (Mosling, Ann. Ch. Pharm. cx.V\\\. 303): 

3(C"H*0)»0 + 2H*S - 3(C’H‘O.HO) + C»H»O.H + (C^*0)*8». 

C^H*0 i 

Benso-fodle oxKle or Zo<Un« Benmoate, C^HHCP » j > O, has not been 

obtained pure, but appears to bo formed, together with sodium chloride, by the 
fiction of iodine chloricle on sodium benzoate : CWNaO* + ICl = NaCl + C’HHO*. 
On heating the product of this reaction, carbon dioxide and iodine axe giveti off, and 
a ]ii]uid distils over which is resolved by fractional distillation into io^beosene, 
C*1PI, and a solid body resembling naphthalene (Schiltzenbeiyer, 0m^. rend, lU. 
136 ; Jakresb. 1861. p. 349), V ^ * 

Beaaole BerojcMw* (C’H*0)K)*, is deseribed in vol 

BBmoXC BVUPBTimATB. (CnSHZfS, nod 

BIBfrurSZBBv (C^*0)*8*, have already been desenW among the SvMCom* 
oeaiTATiTiis OF Bbitzoic Aon> (pp. 824-326), 
unrsMBr* 'This body» polymeric wftb benaob aldehyda^ Is easily 

prepared from benrile, C*«H**0*, by the action of iwdodiigjpeii^ as whim a solution 
of 1 pt. benaile in 6jpta. acetic acid of sp. gr. 1'066 is finjiad with 1 or 2 pts. of 
metallic iron. Tha l^aid tluMi coagulates to a pulp <ff nSemle^ihsped cfystals of 
those crrstals taom the reiidaal isou, waihing thm, allsv 
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f VI, And crystallising from alcohol benzoin is obtained 

Ilf^h^^wMion^fbemile ia also conrc^ into benzoin bjirtltnie/tS 

^nT^^nut^ zZZd hydrochlorieacid. By Mher con^nan^ of the^,^^ 
n "(ion^ "h;« latter a, so., the bonzoih i» conver^ jDto a bodj neber m hjrdrpge„ 
(Hi. 186) (Zinin, Ann, Ch. Pharm. cxix. 177 ; cxxm. 126). 

Benzoin boi}<d with Hlcoholic potash ifl almost wholly converted into potassium 
benziJnto: C'^il *0* + KUO = C»U''K02 + h* (the hydrogen being oxidised in 
contact with the air); but when heated with alcoholic potash to 160°-160° in a 
Boalod and exhausted tube, it yields bonzilicacid, hydrobenzoin, and the body isomeric 
(? identical) therewith which Claus obtained by the action of sodium-amalgam on an 
ethorenl s«jlution of benzoic aldehyde (Zinin, liulL Soc. Chim. [2] vii. 260). Heated 
to lOO'^ with alcoholic amnnonia^ it is resolved into bonzoinam, lophine, 

and a resinous body, accompanied by small quantities of bonzoinimido, 
C’^H‘*N, and a granular substance (J. Krdmann, Ann. Ch. Pharm. cxxxv. 181). 
Heated with aniline to 200°, it is converted into a crystalline substance apparently 
identical with the so-called benzoyl-anilide, C'^H'^N, which Ijaurent a. Gerhardt 
obbiined by the action of aniline on benzoic aldehyde. This body is probably 
ditoluidono-diphenamino,C*-Il2»N2 = (CTl'')*(C«H»)2N^ (Schiff, JhArcs6. 1866, p. 413). 

Benzoin heated for seven or eight hours to 130° with pts. of hydrochloric acid 
saturated at 8°, is converted into an oily bofly, which floats on the acid, add on 
opening the tube solldiflcs to a laminar mass, separable by the action of solvents into 
lop id one, 0^’*H*^0, which remains for the most part undissolved on treating the 
product with other; benzyl, C'HI‘*, which crystiiUisos from the ethereal solution, and a 
thick oil insoluble in water, easily soluble in alcohol and other (Zinin, Bull. Soc. Chim. 
[2] viii. 271). . 

Deoxjrbensoln. C'^H'^0 (Zinin, Ann. Ch. Pharm. cxix. 179; exxvi. 218; 
Zeitschr. f. Chem. [2] iv. 718). — Produced from benzoin by the action of nascent 
hydrogen evolved by zinc and hydrochloric acid ; more easily by similar treatment of 
chlorobonzilo dissolved in alcohol : 

P'HI'«C1*0 + 2IIC1 H- Zn* = 2ZnCP + C**H‘*0. 

Deoxybenzo’in, purified by crystallisation from other and alcohol, is white, easily 
soluble in alcohol and in other, slightly soluble in boiling water, from which it 
Boparutos as an oil, or in needles and lamitue resembling benzoic acid. It melts in 
capillary tubes at 46°, but in larger musses at a higher tern pomturo, and then solidifies 
at 63° to a crystalline broadly laminar mass. It is not altered by potash, either in 
aqueous or in alcoholic solution, or by benzoyl chloride. 

Booxybenzoin is strongly attjickcd by bromine., forming the compound C’<H'®Br’0, 
analogous to chlorobenzile (p. 306), and crystallising in rhombic prisms melting at 
87°, decomposing at a higher temperature. This compound treated with silver nitrate 
or fuming nitric acid yields beuzlle ; with alcoholic potash, it yields potassium 
benzoate and benzoic aldehyde. 

The action of chlorine on tleoxybcnzoi'n is not so definite as that of bromine. The 
product, which does not resemble chlorobenzile, is dissolved by alcoholic potash, with 
formation of benzoic or benzilic acid. 

With phosphorus pentachloride, dooxybonzoin forms an oily body, C**H"C1, 
insoluble in water, soluble in alcohol and ether ; 

C'*H »0 -h PCP - C'*H"C1 + POCP + HCl; 
and this substance treated with sodium-amalgam and water yields toluylene or 
stilbene ; 

C»*H“CI Na* + H»0 = C»*H>* -h NaCl + NaHO. 

The sai||A substance distilled or merely heated to boiling with caustic potash yields 
crystaUof ^oMt^e, C'^H‘» C‘*H»‘C1 -f ' 


Desi 

besibie 



HCl. 

with nitric acid of sp. gr. 1'2 is converted into paranitro* 

^'lliay be regarded as the anhydride of hydrobenzoin, C**H'^0* — 
H*0 « appears to be identical with hydrobenzile produced by the action 
of siilphide on honzile (iii. 186), and with oxide of toluylene or stilbenOt 

which, aco^ing ' tq Limfiricht a. ^Ichwanert {Jahresb. 1867, p. 675), is pttAnoed hy 
heating toluyleno acetate with alcoholic potash, and crystalUses in neemes melting at 58^. 

S 7 dra 1 »eiuMlibi»;^^H'^ 0 *, ori^nally obtained by treating pnre bemaoie aldehyde 
with Btnc and hyd^Mpi^ acid (iii* 185), and subs^nent^ b# heating bensoin with 
alcoholic potgsh^jii^KfPiif tabes (eifpm), is identic wlaylenic or stilbenie 
alcohol: . ^ ^ 

CH(OT*)OH 

r^u-naoy. « 
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piodueed finpi tolnylene bromide, by heating that oompoimd with silrer 

or palate, whereby it is converted into the corresponding acetate or oxalate, 
and treating either of these ethers with alcoholic potash (Limpricht a. Schwanert, 
Ze%Uchr,f, Chem, [2] iii. 684) ; probably also with the compound of the same compo- 
sition obtained by the action of sodium -amalgam on benzoic aldehyde (Claus ; Church, 
p. 328), or on benzoic acid (Hermann, Anv, Ch. Pharm, cxxxii. 76). It is true that the 
molting points of these several products do not quite agree, Zinin's hydrobenzoih 
melting at 130°, Chiirch's so-called dicresol at 129°, Claus’s product at 100°, and 
Hermann’s at 116°, and the toluylenic alcohol of Limpricht a. Schwanert at 122° ; but 
those differences may be duo to the various degrees of purity of the several products. 
Claus, as already observed, regards his product os oxyhtnzylic ether : 

CH(C»H»)OH 

(!) 

I:h’(C‘h»), 


and as different from hydrobenzo’in, because it gives different reactions (not specified! 
with nitric acid, and becanse it reacts like a body intermediate between an alcohol ana 
an aldehyde, being converted into benzyl ic alcohol by nascent hydrogen, and into 
benzoic aldehyde by oxidation with chromic acid. But hydrobenzt/in exhibits very 
similar characters, being also converted by nascent hydrogen into benzyl-alcohol, 
which, indeed, is always formed simultaniiouely with it, and by oxidation with nitric 
acid into benzoin, polymeric with benzoic aldehyde. 

BBirao&BZC ACZn. Hydrohmzoic Acid (Hermann, Ann. Ch. Pharm. 

cxxxii. 76 ; Otto, ibid, cxxxiv. 303). — This acid, intermediate between benzoic and 
mnanthylic acids, is obtained : 1. By the action of nJiscont hydrogen on benzoic acid. 
When this acid is boiled with a little water, sodium-amalgam added, and a current of 
hydrocldoric acid gjvs dirocte<i int<. the mixture, sCKlium bonzoloate is produced, together 
with benzyl alcohol, and a compound containing (? hyurobenzom). The 

benzyl alcohol is separat'd by distillation ; the residue is agitated with ether to 
remove the oompmnd C*^H*'0*; and the remaining sodium bonzoleato is decomposed 
by hydrochloric acid. Bonzoleic acid then separates as an oil which does not solidify 
in the cold, provided all the benzoic acid has been converted into benzoloie acid; 
in the contrary case, the trcjitment with nascent hy<irogen must bo repealed 
(Hermann). — 2. By heating hydrobonziluric acid, C**H**NO* (pro<iuced by the action 
of nascent hydrogen on hippuric acid), with a strong solution of caustic alkali* 
C»'*U*»NO‘ + H»0 = C’H'®()« + C*H‘NO* + C»H»0 

Hydrobenzlluric Benzoleic Qlycocine. Bon»yl 

acid. acid. alcx>hoL 


Benzoleic acid is a rather mobile, volatile, acid oil, having a disagreeable odour 
somewhat like that of valerianic acid; heavier than water, insoluble therein, very 
soluble in alcohol and ether. It docs not unite readily with bases ; novortholess 
wlicn heated with alkaline carbonates it expels the carlx>nic acid. It is very 
unstable. 


The benzoleates of Bodntm and calcium are deliquescent, alterable on exposure to the 
air, slightly soluble in boiling alcohol, sopjirating out as the scjlution cools. According 
to Otto, the calcium salt is converted by repeatwl crystallisation, into benzoate, with 
loss of 4 at. hydrogen. Ethyl benzoleate, C^H*(C^H*)0*, obtained by passing hydro- 
chloric acid gas into an alcoholic solution of bonzoleic acid, is a transparent oolonrloss 
liquid, smeUing like ethyl valerate, and decomposing when ex p osed to.,, the air 
(Hermann). ^ 

BWOJrS* Syn. with 
I OT Phenyl Cyanide. See CraNmns, 
aBnoBZVAOOWa. See PivACONB (ir. 648). 

BSarxoVB. C’HH!). — Thcradicleof the benzoic series. In the 
sometimes called IHbenzoyl, it is obtained by tteating, bensoie chloride dl8lolT4^ ia 
ether with sodinm-amalgam, the action beii^ skshMed towards tbST tlid by the htsll ot 
a water-bath. Die sohirion, filtered after 24 Hours, shaken upwith^fni^ to deet^ 
poee the rem^alltt poftioa of benzoic ^lovide, then A^eed psit of 

the ether bv dffftilTiriift, iHid l«tt to stand iii aqpbsed veMie t^ ii M A |^|osits nraU 

ff^is small eidohriess iasmaJ^ libUadag 

without decompomtiii^ and sotribis in ii JPt dimblw 
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in strong milphnric acid, and separates on addition of water, apparentlj without 
alteration, in long slender needles. When boiled with alcoholic potash, it decomposes, 
with formation of benzoic acid, and an oily body precipitablo by water, which is 
probably benzyl alcohol, this latter body being formed by a secondary reaction from 
benzoic aldehyde, which is probably formed in the first instance, together with benzoic 
acid : 

Ci*H*®0* + ICnO » C’H*KO« + C»H«0 

Benzoyl. Potofisium Benzoic 

benzoate. aklohyde. 

This behaviour, together with the molting point and solubility, distinguish benzoyl 
from benzile (melting at about 90°), with which it is isomeric (Bri gel, Ann. Ch, Pharm, 
cxxxv. 171). 

BllirXO'VX CHILO&mi. See Brnzoic Ciilortdb. 

BMZOYXi SYDltXBB. See Bknzoic Alorhvdb. 

Bmrzn, C^H^ ; in the free state, C**ll'* (di benzyl). — The preparation and 
properties of this radicle are describetl in vol. v. p. 870, where the name benzyl is used 
ns synonymous with tolyl. Fittig, however, has shown (Ann. Ch. Pharm. cxxxix. 
178) that tolyl, obtained by heating bromotoluono with sodium, is isomeric, not 

identical, with benzyl produced in like manner from benzyl chloride, tolyl being a 
liquid, whereas benzyl is a crystalline solid. The isomerism between benzyl and tolyl 
exhibited by the following forraulic: 

Benzyl chloride. Chlorotoluene. 


C«HM 


^ ^ i C^lV(CW). 

Bitolyl. 


.|gip[cnxc«ip)] 

Dlbenzyl. 

Benayl is also produced by heating bduylcno, C**H**, to 140°-150° with concentrated 
hydrioaic acid, and may ho separated hy wiishing the product with srvla-lcy and water, 
and nicrystallising fixm alcohol. It melts at 48°-50° (Limpricht a. Sehwanert, Ann. 
Ch. Pharm. cxlv. 330). 

When passed in the state of vapour through a rod-hot tube filled with fragments of 

S umioe, it is resolved into toluene and toluylono : = 2CUI* + (R. 

►tto, Zeitachr.f. Chem. [2] vi. 22). 

Benzyl bromide^ CTP.CIPBr, Benzyl chloride, C*H*.CH*C1, and their 
substitution derivatives, are dcscribtHl in association with their isomerides, the bromo- 
and chloro- toluenes (v. 853-856, and pp. 280-284 of this volume). 

Braminatcd suhgtUntion products of Ddunzyl wore obtained by Stelling arid Fittig 
(v. 871) by the action of bromine on benzyl suspended in water. Limpricht a. Marquart 
\Zeitschr. f. Chem. [2] v. 337) have obbiincxl compounds isomeric with these by treat- 
ing benzyl with dry bromine. Moivohromoddta^zyt , C*^IT’*Br, thus obtained, is an oil, 
which when heatoa with alcoholic potash yields toluyleno : C'*II'*Br — HBr = C**H**. 
The dilrronwdibenzyl, C“lI'’'Br*, produced in like manner, is identical with toluyleno 
bromide, and like that compound is converted by alcoholic potash into tolane, C'*H**. 
Tho iribromodihetizyl couhl not bo separated completely from the preceding compound ; 
but it is osseutially different from tho tribroininated compound produced by treating 
dibenzyl with bromine in presence of water. 

Beni^l, therefore, exhibits tho same tendency as toluene, xylene, &c., to yield, with 
bromintf^or chlorine, difibront products accordingly as tho reaction takes place at low 
or at high temperatures, tho substitution of the bromine in dibenzyl as well as in 
tolueno takjzjgnplace within the phenyl molecule at low tomporatures, and in the methyl 
molecule (the intoral chain) at nigh temperatures. 

BBMVni AJbCOHOXto C'HK) OH* . CH*OH. — Isomeric with cresol. Described 
in nA i« p. 67fi« Produced also : 1. Together with hydrobenzoin and ethyl benzoleate, 
by the aoiion of sodium^amalgam on benzoic acid ^Hermann, p. 328). — 2.^Together 
with gtyoocine, hydrobeazoin, and a nitrogenous acid, by the action of e^um»amal(»m 
OA liippurie acid (Hermann, Ann. Ch. Pharm. cxxxiii. 365 ; Jakresh. 1866, p. 864^ — 
8. By ^hng hydrobonaylttrie acid (p^uced by adding eo^nm-aanalgam to a ooacen* 
trated alludine rnAatkm of hippurio acid) with alkalis : 

4 EPO « OH*NO* + OHK) + tPWHP 

B^rdePlMZNljrlatie Qlyoooliie Beni^l 
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and in lik® manner from hydroxybenzylnric acid : 

2C**H«N0‘ + H*0 «. 2OTI'NO> + 2C»HH) + C‘^H«0» 

Hydroxybcnisylaric Qlycocinc. Bonsyl Hydroxy- 

acid. alcohol. blbensoic 

acid, 

(Otto, Aftf*. Ch. Pharm. cxxxiv. 303 ; Jahresh. 1866, p. 356.) — 4. By passing a slow 
stream of dry hydrochloric acid gas through liquid sodium-amalgam covered with a 
layer of benzoyl chloride, C^H’^OCl, this compound being thereby conyertnd into 
l>eiizoic aldehyclc, and the latter, by further addition of hydrogen, into benzyl alcohol 
(Lippmann, Bull. Soc, Chim. [2] iv. 249). — 6. By heating benzyl chloride with 3 pts. 
of recently precipitated load oxide and 10 pts. water : 

2C’H»C1 + PbH*0* « PbCP 4- 2C’H»0 
(Lauth a. Grimaux, ildd. [2] vii. 106). 

6. By the action of alcoholic potash on the portions of Poni-balsam oil boiling at 
200'^, and about the boiling point of mercury, the former consisting of benzyl bonzoat-e, 
the latter of bonzy’l cinnamate. The benzyl alcohol thus obtained boils at 206 2® 
(coiT.), has a sp. gr. of 1 0465 at 19®, and does not solidify at — 18® (Kraut, Ann. Ch. 
Pharrn. clii. 134). 

Cblorinated Betisyl AlooboU (Beilstcin a. Kuhlborg, 2^‘itschr. f. Chem. [2] 
iii. 407; iv. 26, 528; v. 626).— Parackloroheuzyl alcohol, C®IPC1 . CTPOB , 
obtained by heating parachlorobonzyl acetate (p. 336) with ammonia to 160®, and 
reerystallising the product from water, forms spicular crystals often several inches 
lt>ng; molts at 66®; boils without decomposition; is nearly insoluble in c<dd, and 
but slightly soluble in boiling water ; yields parachlorobonzoic acid by oxidation. 

Put adichlorohcnzyl alcohol. C®1PCP. ClPOJl, is prepared by heating the 
c(>rrc sjv>nding acobito with ammonia to 180®, distilling the oily product to sepfirato tho 
more volatile p>ortions, and reerystallising tho p)rtion which solidifies on cooling, from 
water. It forms white shining needles, very slightly soluble in water, melting at 77®, 
aiul partially decomposed by tailing. 

7'richlorohcnzyl a/coAo/, C^IPCi* OIPOH, is obtained by heating trichloro- 
tolueno chloride, C^IPCl® . CIPCl, with mtassiuin acetate to 160® in soiv]o<l tubes. Tho 
corrospoiKiing acetate is then fnrmwl, but decomposes partially on distilling the 
filtinxl solution, so that triehlorobenzj'l alcohol flistils over, and on mixing tho 
distillate with water, separates as an oil, which solidifies after a while, and may be 
ptirifitvl by recrysbillisation from water. By oxidation witli chromic acid, it is 
<‘onverte<i into trichlorobonzoic nci<l. 

Tetrachlorohcnsyl alcohol. C®IICM . CIPOH, is obtained by heating tetra- 
chlorotolueno chloride, C®HCP, CII*C1, with absolute alcohol and potassium acetate to 
180°, and piirified by crystallisation from l«/iJing water. 

Pcntaehlotohcngyl alcohol, C^Cl*.CU*OH, prepared in like manner by 
heating OCl*.ClI*Cl with absolute alcohol and potassium aoetato to 200°, and 
purifusl by reerystallisation from a mixture of benzol and absolute alcohol, forms 
f*ht»rt white needles, melting nt 193®, insoluble in water and in cold absolute alcohol, 
slightly soluble in boiling alcohol. It does not appear to yield any organic acid by 
oxidation with chromic acid, 

mtrobeaasyl Alooliols. Mononitrobenzyl alcohol^ C*H*(NO*).CH*OH, 
is produced, together with potassium nitrobenzoate, by heating nitrobonzoic aldehyde 
with ,alcc*holic potash ; 

2C’H‘(NO*)0 + KHO - C’H<K(NO*)0« + C»H’'(NO*)0. 

On adding water to the product, the oitrobon^l aleohol separates as il wieeid, 
nncrystallisable oil, which is decomposed by distillation under orflimury aUnospherie 
pressure, but distils under a pressure of 8 millira. at 170®-16d^, aa an ambar- 
ctdoured oil, which is converted by phosphorus pentachloride into n yellow ehikm* 
nated non-voLatiie liquid (Grimaux, Bull. 8oe. Chtm. [2] iriii. 433). 

Paranitrobeuxyl aleohol^ C*H*(NO*) . CH*OH. is fornad, iQgetlMr with 
acetamide, by heating paraniirofconzyl acetate with i^iieous ammonia to 100^, till 
the oily layer disappears, and parrfied by reerystallisation from hot watm*. Coloprlsitp^ 
slender needles, which become oolonred on exposu» to lights mslt at disaolvtt 
<^ily in hot water or in water eontaining ammonia. Converted fcv ojodation into 
paranitrobonaoie aci4 <S»lstein a. Kohlbe^, ZmUchr. f, Chem^ (S] Sk, 467). 

Paradiniirahemmpl aleohol, Mmd by dlsMrfi^ ^ 

iveooditig eorapowid In fonting nitrie acid, m piMtpitated from llie sointlMi fay iratav* 

crystallsNS ia aeedim tneltang at 7 (Beilstein a. 
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oXTOBir-ETBBSS. Paraehlorobtneyl acetate, OVKi. 

is prepared by prolonged boiling of a solution of <*Iorobe„^l ehW; 
CH*(C U U 18 pr P ^ absolute alcohol, and rectifying the oil 

with a solution of liquid boiling at 240° Conrlrted b, 

separated by rater alcohol rbfeuhof CSien,. [2] ijf 

heating with amnionia into prepared ii like 

m%ner from dlhloretonaylc7,/oride, is an aromatic liquid boiling at 2S9‘ (BeiJ^in 

“'Pari^ifroiencyl acetate, C’W(m’).Cm(C^H‘Op, is produ^ on dropping 
pure benzyl acetate fi. 21) into cooled fuming nitnc imid. &pareted by water and 
crystallised from alcohol, it forms long pale yollor needles, which bewine coloured on 
expoHura to light, melt at 78°, dissolve sparingly in cold, freely in hot alcohol. 

Paraehlorobemyl-eihyl oxide, was obtained by Na^uet{daJresb. 

1862 p 420 • 1863, p. 663) by decomposing chlorobenzyl chloride, C’H‘C1.C1, with 
alcoholic potash, and is likewise formed by boiling parachlorobenzyl acetate vnth 
alcoholic potash. Heavy liquid, having an agreeably sweet odour, insoluble in water, 
boiling at 216°-220'^ (Beilstein a. Kuhlborg). 

lienzyl oxalate, (C»H»)*C*0«. profluced by gently heating dry silver oblate 
with an equivalent quantity of benzyl chloride, and purified by boiling the solidified 
product with alcohol, then molting, distilling, and rccrystallising, forms dazzling 
white crystalline scales melting at 80-5° It distils without decomposition is 
insoluble in water, nearly insoluble in cold alcohol, but dissolves easily in boiling 
alcohol, also in ether and in benzol. With ammonia it yields benzyl alcohol and 
oxamido. Paranitrobenzyl oxalate, [C’H-(NO'0]^C=OS is produced by dissolving ^ 
benzyl oxalate in filming nitric acid, and is decomposed by ammonia, with formation 
of paranitrobenzyl alcohol (Beilstein a. Kuhlberg, loc. cU.), 

BBarZTXi SirXJPKTl>BATll, StJXPHXBXS, and BXStTBPBZDB. The 
following reactions of those compounds have boon obsorx^od by Marcher {Ann. Ch. 
Pharm cjX, 86; Jahresb. 1866, p. 699), in addition to those already described 
(v. 858). 

Benzyl sul phydrate mixed with an ethereal solution of bromine, \\\\ the 
colour of the latter disappears, is ^mpletely converted, with rapid evolution of 
hydrobromic acid, into benzyl bisulphide : 

2C»H"S + Br* « 2HBr + (C»H0*S*. 

Metabenzyl sulphydrato is converted in like manner into motabenzyl bisulphide. 

Benzyl sulphide, (Cain'S, doliquoscos in an atmosphere of bromine to a mi- 
brown liquid, which strongly attocks tho eyes, and wnsisto of a mixture of sulphiir 
bromide and benzyl bromide. Benzyl bisulphide is decomposed by bromine at I6i) , 
and in presence of water benzoic acid is produced, together with a brown resin : 

+ 4H20 + 6Br* *= 2Cai*0* + lOHBr + S*. 

Ethyl-benzyl sulphide, (C»U»)(C’ir)S, is obtained by dissolving sodium in benzyl 
Bulphydrate (mixed with ether to moderate tho action), and treating the prpduct with 
©thvl iodide. On adding water tho ethyl-benzyl sulphide separates as an oil, which, 
altor dehydration, may be distilled at 214°-216° as a limpid liquid having an 
extremely pungent odour. 

Benzyl-mercuric sulphide, (C’H’)*Hg"S», boated to 1 30° with othyl iodide, deliquesces 
to a lemon-yollow liquid, which solidifies to a crystalline mass on cooling. 

BSHBYB SWXiPKOCTAirATB. C’ll’ . CNS. — When bonzylamine is dissolved 
in carbon bisulphide, heat is evolved, and a colourless cryetolline compound is fonued, 
which when mixed wiUi alcohol and mercuric chloride, yields by distillation a liquid 
having a Tery powerful odour. On adding water to the alcoholic distil^te, the 
benzvl sulphocyanato separates in transparent drops which sink in water. It sznelui 
like watercress and boils at 243° (Hofmann, Zeitschr.f. Chem. [2] iv. 690). 

MmMmMOMmrn. These bases, (C»H’)H»N, (C’HO’HN, and (C»H0»N, dis- 
covered bv Cannizzaro (i. 676; v. 867), have been further examined by Ijmpri^t 
(Ann O'* PAarm. cxliv. 304; Jahresb. IS67 , p. 608). They are formed by heating 
1 Toh benzyl chloride (boiling at 170°-190°) and 2 voL alwholic a^onia to 100® 
for 24 hours and separated by the different solubilities of their hydrochlorides m 
alcohol, the monobennylamme salt being the moel, and the tribeiiixyUimne ealt ^ 
leaat aoliible. The etjetaUine pulp formed by hMtiii« ^ ^ 

ammonia is freed from alcohol and ammonia by di^lla^, ^^then mxed mtt 
water • the rcsultilig precipitate is dissolved in hot alcohol ; and Ibe solilliao muM 
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with lijtirochloric acid ie left to cool. TrihenBylamine hydrochloride then usually 
eepaiates at first in prisms or needles, and the filtrate, after concentration, yields first 
a mixture of this salt with dibenzylamine hydrochloride, then pure crystals of the 
latter, and finally the hydrochloifide of monobenzylamine, which is present in small 
quantity only. 

Ben zyl a min e, (C’^H')IPN «= C*H* , CH*NH® is isomeric with tofuidine. Separated 
from the hydrochloride by dilute caustic soda, it forms a transparent colourless liquid, 
which does not become coloured on exposure to light, has a faint peculiar odour, a 
sp. gr. of 0'990 at 14°, and boils at 183°. It dissolves in all proportions in water, 
alcohol, and ether, is separated from the aquct)us solution by stn^ng soda-ley, and when 
exposetl to the air is quickly converted into carbonate. The hydnH'hloridc and hydros 
bromide crystallise in easily soluble laminm ; the 'platinochloridey 5l((71PN . IIC^I) . 
is a yellow granular crystsilline precipitate. With fumiitg fndpkitric acid, benzyl- 
arnine forms a sulpho-acid, whoso calcium salt ((J^li*N80^)^Ca is easily soluble in 
water, and separates on addition of alcohol in small warty crystals. 

Dibenzylamine C'"H“N = (CUPy^HN - (>IP.oiPNU(CTI’), sopirjited from 
the hydrochloride by dilute soda-ley, is a oolourlcss viscid liquid of sp. gr. 1 033 at 
14°, insoluble in water, easily soluble in alcohol an<l ether, decon.i>osing when 
heate<l, and easily converted into tril>onzylamine by the aetnm of benzyl chloride. 
The hydrochloride^ : HCl, crystallises in fiat prisms or thin laniimr, molting at 

2.'i0° ; the rf?, 2(C'*H‘'^N. II(d).Pt(’lb in orange-coloured concentrically 

grouped needles ; the hydrohromide, C^IP^N. llllr, in largo nacreous lamina?, melting 
at 26(>°; the hydriodide, C*^H'*N.TTI, in long white prisms melting at 224°; the 
nitrate, .IINO*, in somewhat spjiringly stduhlo flat prisms or needles, molting 

^at 186°. Dibenzylamine is convert e(l inh) monobenzylamine by reactions exactly 
^analogous to those by which it i.s itself priMluctsl from tribonzylamino {md. inf.), but 
more slowly and loss completely. With fuming sulphuric acid, dibenzylamine forms 
a non-crystallisable biliasic sulpho-acid, whttse barium salt crystallises 

in small nodular masses easily soiublo in water, Dibenzylamine heated with aniline 
and arscTitc acid yields an amorphous violet colouring matter. 

Cyari -dibenzylamine, C'^H‘%ON)N, is formcsl, together with dibenzylamine hydro- 
chloride, which separates out., when ga.^.eous cyanogen chloride is passed into an 
alcoholic solution of dibenzylamine. It is insolulde in water, easily soluble in 
alcohol and ether, and separates therefrom in laminar crystals melting at r»3°-o4®. 

Etkyl-dihenzylamine, (C^H^)*(C‘‘^IP)N, is pro<hicc<i by halting dibenzylamine with 
ethyl iodide and alcohol to 110°, and is separated from its hydrochloride by silver 
oxido as a yellowish oil ; the hydrochloride crystallises in nodular groups, 

Tribenzylamine, C'^'ID’N - (C’IP)‘N = OIP. CH-‘N(CTP)», separated fmm 
the hot alcoholic solution of its hydr<x!hh)rido by dilute scxla-ley, and rocrystallise<l 
from alcohol, forms largo white lamina? or needles, wisily soluble in other ami in hot 
alofjhol, sparingly in cold alcohol, insoluble in water. It molts at 91°, may bo dis- 
tilled in small quantities without alteration ; but in larger quantities it is docom|>ostMl, 
when heated alive 300°, into toluene and several other pnalucts. The solution of 
tribenzylamine in fuming sulphuric acid contains a sulphtMicid (T>erhaps 
which appears to be resolve^l by water into two other ncnls, C'TP'NS^O" and CMPSO*, 
whose barium salts crystallise indistinctly and avnnot bo 8eparate<l. Hoiitetl with 
aniline and arsenic acid, they yield an amorphous coUiuring matter which dissolves 
in alcohol or in hydrochloric acid with deep violet colour. 

Tribenzylamine hydrochloride heated to 250° in a stream of hydrochloric acid gas 
is resolved into ben^l chloride and hydrochloride of dibenzylamine : 

(CrH^)»N.HCl + HCl ~ C’lPCl + (C»n0*HN.HCl. 

The ntifral'ir, (C’II’)*N.HNO*, separates hy spontaneous evaporation in transparent 
crystals melting at 124°. Tribenzylamine hoiited with bromine and water is resolved 
into hydrobromic acid, benzoic aldehyde, and hytlnibromido of dilienzylamine ; 

((rH')'N + Br* + H*0 - HBr + C»H*0 (CHP)HIN . HBr. 

With iodine and water an analogous decomposition takes place at 120°. Dry bromine 
added to the ethereal solution of tribenzylamine throws down a yellow amorphous 
compound, f(C’H^)*N]*Br', which, when distilled with water, is n?«<jlve<l into bencoic 
aldehyde, dihem^lomine hydrobromide, hydrobromic acid, and free bromine. 

Ileoonwoeition of JH^ and Trirbenzylamine by HJo/.—These bases, when 
distilled m small yield a number of volatile products, together with a blsdt- 

lnx)wn leridne amoiw^iig to about half the original substance, tha volatile prodoetn 
consist of a liquid which «!eposits ciystals and yields by IWietiofiiii 
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diatillation toluene, boiling at 112®. The crystalline dewsit may be eeptynp 
by repeated crystallisation from alcohol into dibenzyl, toluylene,,C®*^ 

and small quantities of crysUilline azotisod bodies. The black-brown residue 
distillate, when boiled with alcohol, yields lophine, C**H'*N*, in colourless tf^y - 
needles. The same alcoholic extract mixed with hydrochloric acid deposits concen- 
trically grouped quadratic prisms of tetrabenzylammonium chloride, (C^H^)<NC1,. 
and afterwards small white no<lule8 of the hydrochloride of tribenzylene-triaminei » 
(C’H“)"II*N*.1IC1 (Brunner, Ann. Ch. Pharm. cli, 133). 

Chlorinated Senzylamlnee (Berlin, ibid. 137). — When chlorobenzyl chloride 
(p, 281) is heated in sealed tubes with alcoholic ammonia, there are form^, together 
with siil-amra(miac, the three bases (C»H«Cl)H.»N, (C^H«C1)*HK, and (C^H^CO^N, the 
second being the most abundant. The separation of these bases is much more difficult • 
than that of the three bonzylamines (p. 336), partly’ because their salts differ ljut 
little in solubility, partly in consequence of the existence of isomeric modifications. 
The contents of the tubes were washed on a filter with alcohol ; and the filtrate, after 
removal of the ammonia and the greater part of the alcohol by distillation with water, 
was mixed with the sal-ammoniac remaining on the filter, which still retained a 
considerable quantity of oil. The oily liquid thus obtained was a mixture of the 
throe chlorinated bases with unaltered chlorobenzyl chloride. When mixed with 
alcohol and hydrochloric acid, it gradually deposited a considerable quantity (A) of 
the hydrochloride.s of these bases, the crystal lisati our of the remainder being, however, 
prevented by the chlorobenzyl chloride still present. To complete the separation, the 
mother-liquor was mixe<l with p)tash ; the precipitjitcd oil distilled with water as long 
as chlorobenzyl chloride continued to pass over; and the residue, to facilittite the 
separation of the bases, was finally mixe^l with bromine, whereby the chlorotribonzyl- 
amine was resolved into chlorobonzoic aldehyde and dibonzylamine, the former passing 
over on distillation, and leaving a residue (B) consisting only of chlorinated mouo- 
and di-bonzyiamino. 

ChloTofrihenzylamine. (C’H“Cl)*N. — The oily mixture of the three bases (A) 
mixed witli alcohol and hydrochloric acid first deposits the hydrochloride of chlorodi- 
benzylamine, and tlio mother-liquor gradually yields transparent crystals of the 
hyd^cichloride of chlorotribenzylamiue, from the alcoholic solution of which the ba^ 
precipitated by potash and water. It crystallises from alcohol in beautiful 
lambic prisms melting at 88®-89®. The (CUI*Cl)®N . HCl -f 2H'0, 

fonus largo transparent rhombohedrons, moderately soluble in alcohol, insoluble in 
water, molting at 170°-17o°, giving off part of their water on exposure to the air, 
and the whole over sulphuric acid. At 100° they decompose, apparently thus: 
(C’H«C1)*N.HC1 « (C^IPCO^HN + C’H“Cl» 

Chlorodlbenzyl- Chlorobenzyl 
amine. chloride. 

The same decomposition appears to takes place on distilling the hydrochloride with 
water or alcohol ; aiul hence it is that, in the preparation of these bases, the residua 
loft after distilling off the alcohol contains only a small quantity of chlorotribenzyl-i 
amine, but considorjvblo quantities of chlorodibonzyl amine and chlorol^nzyl chloride, 
Chlorotribenzylamine is resolved by distillation with water and bromine into hydi^fl^ 
bromide of chlorodiboiizylamiue and chlorobenzoic aldehyde : ^ % 

(C^H'»C1)»N -p H^O -f Br» - {C»H-Cl)-‘HN.HBr + C’E^CIO + HBr. , 

Chlorodibemt/latnine. (C’'H*C1)*HN. — This base exhibits four isomeril^ 

modifications, which may be distinguished by the prefixes «, i9, % 9 . They are 
non-rolatile oils, having a faint yellowish colour, ins<jluble in water, e€Uiily soluble in 
alcohol and ether. The differences between them are exhibited chiefly in their salts. 
The hydrobromidea differ in solubility sufficiently to admit of separation by fractional 
crystallisation, the a salt being the least soluble, then the 3, then the 7, and the 9 
salt the most soluble in water ; and from these SiUts the bases may he separated 
TOtash and combined witli oUier acids. Most of the salts crystallise in needlee* ' 
Tboir melting points are given in the following table ; 

a $ y 9 

Hydrochlorides . . 288°-289® 225°-228° 218®~220® 221®-222® 

llydrobromides . . 283®-290® 224° 210°-212° 198°-199® 

(solidifying at 280°) 

Hydriodides 216° • 187° 216°-218° 

Nitrates 204°-206° 198° 177®-179° 

Cklorobenzylamine, (C^H*C1)H*K. — ^The hydrobromide of this base xemaina ^ 
the mother-liquor of the mixture B after the chlorodibensylamine salt has rTjstnlliiiiid 
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By distilling it with potash, the base is obtivinod as a colourless liquid, easily 
alcohol and ether, insoluble in water, and converted into a solid salt by 
abftJrptaon of carbonic acid from the air. The hydrochloride (C'H®C1)H*N , HCl forms 
simdl white needles easily soluble in water and in alcohol and molting at 197°. 
Phitinic chloride forms in the concentrated alcoholic solution a yellow precipitate 
{formed of microscopic rhombic laminae moderately soluble in water and in alcohol. 

BSmirXillVlI. C’H*. — The brt)mide and chloride of this diatomic radicle, 
together with the substitution-derivatives of the latter, C^H^Cl . 01*, C^HK^l* . 01*, &c., 
are described amongst the hromo- and chluru-tohieiies (pp. 281, 282). The oxygon- 
ethers of the same radicle are described in vol. i. pp. 677, 678. 


BBSrKTX»->8inCiPBinROTr8 iLCZn. Syn. with Toluene-sulphuric or Sulpho- 
toluic Acid (v. 663, and p. 286 of this volume). 


BB&BBBZmB. (i. 679 and Appendix v. 1088). — This base has been 

found in Leoniice thalictrdides (F. F. Mayer, J. Phartn. [3] xlvi. 496). According to 
Daniel {Ann. Ch. Pharm. cv. 360), the yellow bark of Aboocouta, in which Stenhouso 
found berberino, belongs to CtelocUne polycarpa (Doc.). Borborine is identical with 
xanthopicrine from Xanthoxylon Clava Herculis, and with jamnicine from the bark of 
Gcoffroyea mermia (Gastell, Jahresh. 1866, p. 480). 

Preparation . — Tlie following method is given by Stenhouso {Chem. Soc. J. [2] v. 
187) for preparing berberino from the columbo-wood of C’eylon {Meni.spemmm J\ ne- 
»tratu7nt Coscinium fe7testratu7n) : 20 pts. of the tiuely groxind wood ere boiletl for throe 
hours with a solution of basic lead acetate (prepared by heating 1 jft. of the neutral 
acetate with 1 pt. litharge and 3 pts. water, and aftt^rwards odtling 100 pts. water), 
and the liquid, strained through a linen hltor, is concentrated (with addition of a little 
litharge) till the berberine cryshillisos out. Tlie mother-liquor d<>canLod from the 
crystals and acidulated with nitric acid yields the rest of the base, as a nitmto slightly 
soluble in the excess of acid. To purify the crude berberino, the liot aqiioous solution 
is precipitated with basic lead acetate ; the crystalline mass which separates from the 
filtrate on cooling is pressed, and rodissolvod in hot water ; and, after the load has 
been precipitated by hydrogen sulphide, the filtrate is acidulated with acetic licid 
left to crystallise. The nitrate maybe converted into the free base by heatuj||j||it 
aqueous solution with ammonia, or bettor with calcium hydrate. 

Procter {Chem. News, ix. 112) recommends a process given by W. A. Merril 
J. Pharm. xxxv. 97) for preparing berberino from the root of Jitrheris vulgaris or of 
Ilydrustis canadensis. The ovaporfitod aqueous extract of the root is treated with 
strong alcohol ; the alcoholic liquid mixed with 4 vol. watt;r ; § of the alcohol distilled 
off; and the hot aqueous residue acidulated witli dilute sulpliuric acid. On cooling, 
it deposits berberine sulphate, which may bo purified by recrystallisation. To obtain 
the free base, the hot aqueous solution of the sulphate is digested with recently 
precipitated lead oxide till the supernatant liquid is free from sulphuric acid. The 
filtrate left to evaporate deposits crystals of berberine. 

lieactions.— ^rherine heaXed with water to 190^-200° for several days in sealed 
tubes is gradually converto<.l into a substance resembling chl(>rophyU (Ulasiwetz, 
Jahresb. 1860, p. 633). ^ nascent hydrogen (zinc and dilute acids), it is converted 

into hydroberberine, C^*H*‘NO' (iii. 186). By fusion with potassium hydrate, 
berberine is converted into two acids, C*11**0* and (?), the former homologous 

'with protocatechuic, the latter probably with opianic acid (Hlasiwetza. QrWxa, Jahresh. 
1864, p. 406). Berberine distilled with sodium hypochlorite, yields propylamine 
(ftrimethylamine), and a yellow resinous substance not containing nitrogen (KletzinsltT. 
tW. 1866, p. 466). 

An aqueous solution of berberino acetate forms with sodium sulpharsenate, a brown 
amorphous precipitate which decomposes in a few days (Mosing, Zcitschr.f. Chem. [2] 
T. 850). 

The salts of berberine have been analysed by Fleilnmnn {Ann. Ch. Vharm. lix. 160), 
L. Henry (tWrf, cxv. 132), and Perrins {Chem. Soc. J. xv. 339). The forraulfl®, calcu- 
lated by Fleitmann and Henry according to the old formula of berberino, have been 
corrected by Hlasiweta a. Gilm {Ann. Ch. Pharm. Suppl. ii. 191). 


Hydrochloride, C**H**BO* . HCl. 

Auiochloride, C*^**NO* . HCl . AuCl*. 


Platinochloride, 

Hydrobromide, 

Hydriodidfli 


afC-H’^No* .BXJi) . ptav 
C^**BO*.HBr.8aq., 

E 2 


yellow needles. 

maroon -coloured needles soluble in 
alcohol, 
small needles, 
yellow noodles, 

yellow, slightly sdlnble tteedUM. 
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Nitrate, (?“H‘’NO'.HNO*, yellow, very slightly solnhU In 

dilute nitric acid. 

Chlorate, C^H'^NOMICIO’, yellow precipitate. * 

Bulphate, C^®!! • 'N 0 ‘ . H^SO\ small yellow crystals. 

Argento-borhGrinoK^20jii7j^Q4j2 jj 2 g 2 o*. Ag^S^O*, yellow amorphous precipitate, 
yposu p 11 c, mHC2«H'’NO* 

Bichromate, 1 ^ orange-yellow needles. 

(0HC2®H'’N0\ 


Hydrocyanide, 
Nitro-berberino ^ 
Hydrocyaiiido, ^ 
Siilphoeyanate, 
Oxalate, 
iSuccinato, 
Tartrate, 

Picrato, 

Jithyl-borberinc [ 
Hydriodido, > 


C20H”NO^CNH.iaq., 

C2«H^“(NO")NO^CNH. 

C20H>^NO*.CNHS.|aq„ 
C2«II'’NO^ , C^U'-'O* . iaq., 
C'"®1I'’N0^ CHPO‘ . Jaq., 
C'^®}P^NO^CHI-OViaq., 
C'^'ll'^NO'. C«1P(N0=')“0, 
(j2oni«(C2H")noMii, 


brownish-yellow scales, 
microscopic needles. 

yellow needles, 
nodular groups of needles, 
brownish needles, 
siskin-yellow needles, 
golden-yellow shining scales. 

radiate needles. 


Tartrate of AntiTYiony and Berherine^ C*®H’’NO*.HSbO crystallises in 
wavellitic groups, very slightly soluble in cold wntor, and recrj'stalli sable without 
decomposition from alcohol (Stenhouso, Proc. Roy. jSoc. xii, 491). 

A solution of a berborine salt mixed with a slight excess of iodine yields the 
ptriodidc C'-^^II^NO* . which dissolves but sparingly in water and in cold alcohol, 
and crystallises from hot alcoliol in translucent red-brown prisms, from which silver 
nitrate immodiatoly abstracts the wlnde of the iodine. A hot alcoholic solution of a 
borberine salt mixed with a dilate solution of iodine in potassium iodide, carefully 
avoiding oxcoss of iodine, deposits green shining spangles of a salt resembling 
sulphate of iodoquiniiio (v. 2d), and exhibiting the poculinr polarising properties of 
that compound; they are always, however, mixed with the salt last described, and 
with berberino hydriodido. The formation of this green salt affords a very delicate 
test for the presence of berberino. It may bo obtained in crystals | inch long ana 
half as broa<l by honting a solution of berberine in 90 p. c. alcohol mixed with ethyl 
iodide to 100°, leaving it to cool, and exposing the separated crysUils of berberine 
hydriodido to the sun’s rays for two hours, or to diffused daylight for a few 
days. It is probably identical in composition with the red salt, into which, indeed, 
it is very easily transformetl (Perrins). 

BllM'ZB]brA.xrXTB. This mineral, occurring at Skrikerum in Sweden, as a black- 
blue crystalline powder of sp. gr. 6'7l, has lieen analysed by A. Nordonskjold {Ann, 
Ch, Tharm. cxlv. 127), with the following results : 


Cu 

Ag 

Fo 

FI 

So 

63- 14 

4-73 

0 54 

0-38 

39 85 - 98-64, 

62T5 

8-60 

0-35 

trace 

38-74 = 99 W. 


BBTAXITB. C*Il‘'NO* (C. Scheibler, 2kitschr. f. Chem. [2] y. 639). — A base 
tx!curring in the juice of mungold-wurzel. To prepare it, the freshly expressed juice, 
strongly acidulated with hydroclilt>ric acid, is mixed with a solution of sodium phos- 
photungstate ; ^ the resulting precipitate, containing albumin, colouring matter, woody 
fibre, and a small quantity of the base, is filtered as quickly as possible ; and the 
fUtrato, mixed with a fresh quantity of the precipitant, is left to itself for 8 or 10 days. 
It then gradually depo.sits on the bottom and sides of the vessel a crystalline precipi- 
tate, which is rinsed with a little water and treated with milk of lime, whereby 
insoluble civlciura phosphotungsUte is produced, while the betaine remains in solution. 
The filtered liquid, freed from lime by carbonic . acid and evaporated, leaves impure 
betaine, which may bo purified by rccrystallisatiou fn>m alcohol with help of auimal 
charcoal. 

Betaine may also bo obtained from the molasses of the beet, in which it exists in 
larger proportion than in the fresh juice. The solution of the molasses, dilated with 
iwioe its bulk of water, and strongly acidulated with hydrochloric acid, is mixed with 
a small quantity of the phosphotungstato solution, which throws down chiefly colouring 
matter aud impurities, and the filtrate is mixed with a larger quantity of the same 
re^nt, which throws down a second precipitate, to be treat^ as above. 

^^taine crystallises from strong alcohol in large shining hydrated crystals^ 

• This reagent is prepared by disaoivins eodium bitongstalie In ordinary phoaphorio add, adding 
^ydnKdilorla acid, and decanting the clear eolntion from the {weoipttate thereby prodnead. 



BEUSTITE--BILB. 


S4I 


C*H**K0*.H*0, which on exposure to the air quickly deliquesce to a colourless symp« 
At 100°, or over sulphuric acid, they effloresce and give off all tlioir water. They are 
extremely soluble in water; a solution saturated at 26° has a sp. gr. of 11 177, and 
contains 61*8 p. c. of the anhydrous base. Betaine is inodorous, has a sweetish cooling 
taste, is neutral to vegetable colours, and optically inactive. When heated it swells 
up, emitting an odour first of trimothylamine, then of burnt sugar, and leaves a bulky 
cinder, wliich burns away slowly but completely. 

Betaine hydrochloride ^ C*II'*NO‘^.nCl, and the mlphate^ form splendid crystals 
permanent in the air ; the nitrate crystallises in deliquescent noodles. The aurochioride^ 
C^H*'NO*.HCl. AuCl*, crystallises in beautiful thin needles or plates, sparingly 
soluble in cold, easily in hot water. With plaiinic chloride, betaine hydrochloride 
forms two compounds, which perhaps differ from one another only in their amount of 
crystallisation-water. It also forms well-er^’stallised double salts witli the chlorides 
of mercury, cadmium, and zinc. 

Betaine is not oxidised by chromic acid, or Reduced by hydritMlic acid, oven when 
hoiited with it in scaled tubes. When boiled witli potassiinu liydrale and a small 
quantity of water, it gives off trimclhylaniine, and forins at least two fixed hasos, one 
of which yields an aiirochlorido containing AuCP. 

BeUiine is isomeric or polymeric with tiMmcthylalcd glycollamidc, with butalanine, 
lactamcthane, &c., also with oxyneurine. 

BSVBTZTlla A shining mineral, containing lime, putash, and soda, from 
Mount Sforzella, near Predazzo. 8p. gr. 2T8 (Brcilhanpt, Jahre»h. 1803, p. 846). 

BZXiB. In applying Pettenkofer’s test for bile (i. 68G), the following method is 
recommended by J. Noukomni {Ann. Ch. Pkarm. cxvi 30 ; Jahresh. 1862. p. 684), as 
affording the most delicate iiidicntions. The biliary acids are precipitated with basic 
lead acetate ; the washed precipibite is mixed with so«linm carbonate and evaporated 
to dryness ; the sodium salts of the biliary acids are dissolved out by absolute alcohol ; 
iho residue lefton evaporating the alcoholic solution is dissolved in water ; and a dn)p 
of the aqueous solution is mixed in a porcelain capsule with a drop of dilute sulphuric 
acid (4 pts. water to 1 pt. of the concentrated acid) and a very small quantity of suga,r 
solution. On evaporating the solution at a gentle heat, a splendid purple-violet 
coloration is obUiinod, even with only 0’06 milligrm. of biliary acids ; 0 006 gnn. cholic 
jicid may in this manner be detected with certainty in a litre of wator ; in the same 
quantity of liquid, O'Ol grm. glycocholic acid gives only a faint, 0 02 grm. a deep 
pnrple-red coloration. 

In applying the test to the detection of bile in urine, it is necessary to remove the 
inorganic salts as completely as possible before precipitating willi basic lend acetate. 
Por this purpose, the urine, evaporatwl to a thick syrup, is treated with alcohol of 
t>rdinary strength ; the residue left on evaporating the solution is exhausted with 
absolute alcohol ; the evaporated residue, whicli now contains but a small quantity of 
inorganic salts, is dissolved in a little water; the solution is procipiUifed with basic 
lead acetate ; and the precipitate is collected after twelve hours. To remove other 
substances still adhering to the lead precipitate, it is digested with boiling alcohol, 
and the residue is converted into sodium salt. If the latter, as sometimes happens, 
still contains a smalt quantity of resinous substance, which would mask the reaction 
with sulphuric acid and sugar, its aqueous solution must be again precipitated with 
liasic lead acetate, and the lead precipitate reconverted into s<^ium salt. In this 
manner, a quantity of glycocholic acid not exceeding 0*001 p. c. may be detected in 
urine (Neukomm). 

Huppert (Jahresb. 1867, p. 880) points out that the indications of Pettenkofer’s bile 
test may be masked by the presence of oxidising substances, such as nitrates and 
chlorates. It is scarcely necessary, however, to observe that such salts could not be 
present in the lead precipitate obtained as above. 

Noel (J. Pharm, [3] xli. 354) recommends, as a test for bile, to immerse a strip of 
filtering paper for a few minutes in the liquid, then dry it, and moisten it with a arop 
of nitnc acid, either pure or containing nitrous acid : it will then assume a violet 
colour, changing to red and yellow. 

The biliary acids and their products of decomposition are optically dextrogyrats* 
Their rotatory powers, as determined by Hoppe^yler (Z. pr. Chem. Ixxxix. 267 S 
Soe. CMm, r. 622), are given in the foUowiiig table ; 
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Optical Rotatory Power of 
Bilo-cooKtituents 

Formula 

Molecular 

Weight 

m 

Specific 
Hotatiou 
for the 
linoD 
(a>D 

Molecular 
Rotatory 
Power 
(a) D m 


a. Dlsaolveti in Alcohol : 
Sodium Glycfichohite . 

C’‘H«NO*Na 

487 

257® 

12616 

31*6® 

Sodium Taurocliolato , 

C^«H<«NSO^Na 

637 

24*5 

13167 

31-9 

Glycocholic Acid . . . 


466 

290 

13486 

330 

Sodium Cholata .... 


430 

31-4 

13602 

33T 

Putawsium Ciujlato . . 

1 

446-2 

30-8 

13743 

33 7 

McUiyl Choliito .... 

C‘2*H»«0^ C1I» 

422 

31-9 

13462 

33-0 

Ethyl Cholate 


436 1 

32-4 

14126 

34-7 

Cholic Acid + aq. . . 


447 

31-2 

13946 

34'7 

Cholic Acid 


408 

60-2 

20482 

602 

b, Diasolvetl In 'Water : 






Sodium G lycocholato . 

C^ni^'-'NO^Na 

487 

20-8 

10130 

24-8 

Sodium Taurocholatc . 

C'>«IF^NSO’Na 

637 

21-5 

11546 

28-2 

Fobvssium Cholate . . 


446-2 

26-0 

11161 

27-3 

Sodium Cholate .... 

C=''lI»«()"Na 

430 

26-0 

11188 

27-4 


Ihe oxpi’eswiori (a) gives the value of the rotation reduced to the (active) 

atomic group of cholic acid, which exists in all those bile-constituento and 

determinca the dcxtro-gyration. From the last two columns of the Ublo, it appears that 
the liighost molecular ryjtatory power is exhibited by cholic acid, and that in general 
tiio rotatmn diniinishos as the complexity of the molecule increases, although the 
decrease does not boar any definite proportion to the increase of molecular weight. 
As the rotatory power of the several substances is less in aqueous than in alcoholic 
solution, It may be concluded that the water exerts a cliemical action upon them, 
resulting m an increase of molecular weight. Tlie differences of rotatory power of 
the seveml ^oups of atoms do not (excepting in the case of anhydrous cholic acid) 
exceed 3 , that is to say, about ^ of the total roUtion. 

iho optical rotatory power of the bile-constituents may bo made available for 
voritying the analysis of a mixture of glycocliolic and biurocholic acids, such as 
exists in the bile of man and of vegetable-feeders. The mixture (after precipitation 
fiom alcohol by ether) is dissolved in alcohol; the rotation is determined for yellow 
light ; a nieasured volume of the solution, not Ux> small, is evaporated ; and the 
residue, dried at 120^ and weighed, is hentetl to 100® with strong potash-ley in a glass 
tube for twonty-four to thirty hours. The contents of the tube (containing all the 
cholic acid that can be formed as product of decomposition) are mixed with a little 
other and hydrochloric acid ; the separated cholic aci<l is collected after twenty-four 
hoiii^ on a filter, w'ashcd with water, and redissolved in hot alcohol; and the evaporated 
residue is weighed after drying at 120®. In the liquid filtered from the cholic acid 
the sulphur IS deterniined by fusion with carbonate and nitrate o£ potassium. Since 
100 pte, barium sulphate correspond to 220 8 pte. timrocholic acid, C**H^‘NSO’ and 
100 pts. of the latter to 79 2 pts. cholic acid, the amount of taurocholic acid 

present m the mixture may be cafculate<l, also the quantity of cholic acid produced 
thore^m, and (since 100 pts. cholic acid correspond to ,113-9 pU. glycocholic acid) 
like wse the amiount of glycocholic acid present. The correctness of these estimations 
^y be tested by the rotatory power of the mixture. If the observed rotation in 
aegr^a for yellow light in a tube 1 decim. long be denoted by a, and the calculated 
quantity of taurwholic acid in the liquid by m, then, since tiie specific rotation of 
taurocholic acid (as sodium salt in alcoholic solution) is 25*3®, and that of glycocholic 
acid under similar circumstances == 27*6 for yellow light, the quantity of glycocholic 


100 25*3 m 

27*6 


If the rotation gives a lower value than the cholic acid 


acid is 

estimation, the presence of inactive fatty acids maybe inferred ; if, on the other hand. 
^ value is too high, cholic acid iteelf must have been present. An examination of 
aogs bile by this method showed, in accordance with Strecker*s resolts, that ^is bile 
^ (Hoppe-Seyler, J. pr, Chem, Imiy, 221 ; Jahresb, 1863. 
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For Fltohde’s view of tho origin of tho biliary acida, see S^itschr. Ch, PKarm. 1864, 
p. 464 ; Jahretb, 1864, p. 656. 

Pig-hile contains — besides fats and cholesterin — a non-soluble substance, lecithin, 
resolvable by baryta-water into glyeerophosphoric acid and fatty acids (iii. 566) ; also 
sATColactic acid and choline, C*H**NU, This base is also containe<i in the bile of 
the ox, and probably also in that of many other animals (Strocker, KSp. Chim. purs, 
iii. 345 : Ann. Ch. Pharm. cxxiii. 353). See Cholink. Aecortling to J. Dogiel (J. pr. 
C'Acia, Cl. 298), fresh ox-bile contains acetic and propionic acids, partly us metallic 
salts, partly as glycerides. 

Goose-bile contains, according to R. Otto {Zeitschr. f. Chem. [2] iv. 633), 3*1 p. c, 
mucus, 0*3 fat, cholesterin, and colouring matter, 19*0 biliary acids and inorganic 
salts, and 77*6 water. Otto has confirmed the results cbtaiiiotl by Marrson and by 
Ileintz a. Wisliccniis, to the effect that the sulphnrt^t Uni aeid of goose-bile, tauro- 
chenocholic aci<l, diffrrs in composition fnun the tj\uri>el\olic acid of human bile, 
dog -bile, &c. Otto finds that the s<xlium salt of taurochcnrx'holic acid, dried at 
1(K)®-110®, has the composition C**H**NaNSO’, or rather C'‘‘'H**NaTSSO’ .11*0, and 
gives off a molecule of water at 1 40°, leaving the anhydrous salt C*''H^'‘NaN.SO*, whence 
the acid has the constitution C^*ll**N.SO**, and is resolved by boiling with baryta- 
waUT into taurine an<l chenocholic acid : 

C*»H^*NSO« + H*0 - C*H’NSO* -f 

Goose-bile appears also to contain another sulphurettcHl acid, less soluble in water 
than taurochemicholic acid, and crystallising in sninll nacreous scales ; but it has not 
btM-n obtained pure. No aeid analogous to glycocholie acid has yet boon found ia 
g(tose-bile. 

The bile of the hom-flsh (Bdlone vafgaris)^ like that of other fresh-water fish 
(i. 68G), consists essentially of 8<xlium tfiurocholate (Otto, Ann. Ch. Pharm. cxlv. 352). 

liilc-constituente in f^crementiiious Matters . — (>>w-<lung contains cholic and 
glyctx'hobc acids ; that of the <log contains cholic acid ; pigeons’ flung also contains a 
hiliary substance. Peruvian guano contains a not inconsiderable quantity of an uncry- 
sUillisablc, optically inactive biliary acid, iiisohible in water, easily solulde in alkalis, 
and convertef I by Ixiiling with concentrated hydrfx^hloric acid into prfslucta analogous 
to choloidie (void and dyslysin, dissolving in strong sulphuric acid, and formif>g green 
fiuorescent 8<»lutions, which, like the original acid, give the purple-violet cohiration 
w*ith sulphuric acid and sugar. The acid does not cf)ntain sulphur, and is probably 
also free from nitrogen. Peruvian guano also contains cholesterln, but no bile- 
pigments (Hoppc-Soylcr, Jahresb. 1803, p. 6o4). 

sntS-FXOMnnrrs. The colouring matters of bile are doseribod in thcf article 
C'iioi^>CHROMK (i. 927) chiefly according to the results obtainofl by Thudichum in 
1800. Since thiit time they have been further examintxl by several chemists, whoso 
results, though differing in minor details, agree in showing that the brown and green 
pigments of bile may be separated by moiins of cUlorf»form, in which the former is 
soluble, the latter insoluble, and that the pigment soluble in chloroform exhibits two 
nuxlifications, one red {bilirufdn\ the other brown {biliphaan or co/ophann). 

When bile is shaken up witli chloroform, and the chlorf)ff)nn separated and evapo- 
rate^l, a crystalline substance is obtained, which, after washing with alcohol and ether, 
rt'mains as a brick-red powder, soluble in ammonia ; and the ammoniacal solution 
niixe<l with hjxlrochloric acid yields yellowish-brown flocks of cholophaein (JK. 
Briicke. J. pr. Chem. Ixxvii. 72 ; Jahresb. 1859, p. 637). ' 

Thudichum (Zei^Ar. /. Chem. [2] iv. 564) prepares bilirubin and cholophaein from 
gall-stones, by exhausting the pulverised calculi with hot water, alcohol, and cold 
dilute hydrochloric acid in succession, then again with alcohol ; boiling the dried 
powder with wrater and chloroform free fnim hydrf>chloric acid ; and mixing the 
concentrated dark green solution thereby obtained with- alcohol. Bilirubin is then 
palpitated of a colour as bright as that of mercuric oxide, and the mother-liquor 
yiel(^ brown rhombic (petals of cholophaein. The rod and brown pigments mas 
obtained are identical in composition, and are represented by the formula C*H*NO*. 
The rod modification may be converted into the brown by repeated cj‘;yftallisatiofl. 
The red ^r brown) pigment is insoluble in water, nearly insoluble in boiling aloohpt 
and in ether, more soluble in benxol and carbon bisulphide, still more in chloroform 
(1 pt. in 586). When the chloroform solution is exposed to sunshine, the coUmrisg 
•natter is decomposed, probably owing tn the formation of hydrochloric acid, 

aqueous ammoma eonverte biUrubin into a dark rod bulky maM, probably 
C*H*(NH*)NO».H*0, which givea oflT all its ammonia in a stream of dry air. BiUr«bl» 

• la tils fonawU qf taa r odi sw o ch ftUc setd given atp. 700, veL v.« them Is amtm7b>t of O* for 
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ditutolvos in dilute ammonia, and is reprecipitated unaltered by hydrocbloric acid. 
It dissolves in the Jij:ed caztsiic alkctlis with brown-red colour, and the solution, if 
immediately mixed with hydrochloric acid, deposits brown flocks which redissolve in 
chloroform ; but on exposing the alkaline solution to the air, biliverdin is produced. 
The potassium and sodium compounds of bilirubin are insoluble in chloroform. A 
neutral ammoniacal solution of cholophaein, obtained by digesting the pigment with 
weak aqueous ammonia, yields with sUver niirate a red-brown precipitate of the com- 
pound C^ir^AgNO’ (or perhaps C®II''AgNO®.lPO) ; but if the solution contains excess 
of ammonia, it yields, on addition of silver nitrate and subsequent neutralisation with 
nitric aci«l, a precipitate of the diargentic salt C^H'Ag^NO*. In an ammoniacal 
solution of the pigment containing excess of ammonia, barium chloride fomps a precipi- 
tate containing (C”II‘®NO*)’Ba (at 100^) ; but r neutral solution yields a precipitate 
containing excess of bilirubin'; calcium chloride yields similar precipitates. Neutral 
lead acetate added in excess to an ammoniacal solution of bilirubin forms a precipitate 
consisting of C®II^PbNO* (Thudiehum). See also Maly {ZeiUchr, f. Chem. [21 v. 
394), who, however, assigns to the ro^l or brown pigment (wliichlie calls cholcmjrrhin) 
the formula 

Stildeler (Ann. Ck, Pkarm. cxxxii. 323 ; Jahrvsh. 1864, p. 657) has also examined 
the colouring matters of bile, but with somewhat difforetib results. By exhausting 
strongly coloured pulverised gall-stones with other, hot water, chloroform, and dilute 
hydrrjcliloric acid, he obtains a brownish-green residue, from which boiling chloroform 
oxteacts a brown pigment (hilifusem), together with a portion of the red pigment 
(hiliruhin), whilst the undissolved portion- yields to alcohol a green pigment (bUi- 
vraain)^ and then to hot chloroform the rest of the bilirubin. Stadeler represents 
bilirubin by the formula bilifuscin by (bilinibin + H'O), and 

biliprasin by The residue left after exhausting the gall-stones 

snccossivoly with water, alcohol, ether, chloroform, and dilute acid, and forming a 
considerable portion of the whole, is a bumus-liko substance, designated by Stadeler 
as Hlihumin [? impure biliverdin] ; it has not been analysed. 

Biliverdin or Cholochlorin is formed when an alkaline solution of bilinibin is 
exposed t-cf the air; the oxidation maybe accelerated bypassing, a ciiiTcnt of air 
through the heated liquid. The green solution thus formed yields with hydrochloric 
acid, green flocks, which appear black when dry, are quite amorphous, insoluble in 
water, ether, and chloroform, but easily soluble in alcohol (Thudiehum) ; easily stduble 
in benzol and carbon bisulphide, very slightly soluble in amyl alcohol and ethyl 
iodide, but easily soluble in these last-mentioned liquids on addition of ethylic or 
met hylic alcohol (Maly). 

Biliverdin consists, according to Thudiclium, of C“iPNO% and is formed from 
bilirubin in the manner represented by the eqiuition ; 

C*H»NO* + O* - C"ir^N02 + CO* ’’ 

Stadeler, on the other hand, represents it by the formula C“II**N*0* 2C*H*NO* 
+ H*0], and flnds tliat it may be formed by boiling an alkaline solution of bilirubin 
oven when the access of air is completely prevented. lie represents its formation by 
the flrst or second of the following equations, accordingly as the air has access to the 
solution or not : 

+ H*0 + O = C'«n«>N*0* 

BlUrubin. Biliverdin. ' 

C’«H‘»N*0> + 2H*0 -= + C‘*H**N*0>. 

. Bilirubin, Biliverdin. 

The latter equation supposes the simultaneous formation of a second body, perhaps 
identical with that which is formed from biliverdin by reduction witli sodium- 
amalgam. 

Biliverdin dissolves in potash, soda, and ammonia, and is not precipitated from the 
solutions of calcium or barium chloride: but in alcoholic, solution it forms dark 
green precipitates with barzfta-water, and with the acetates oflead^ mercury ^ 

and silver. The barii'm and calcium compounds are soluble in water, the rest insoluble 
(Thudiehum; Maly). 

Beduoing such ns hydrogen sulphide, zinc in acid solution, and sodium- 

amalgam, act upon biliverdin, but do nt)t reconvert it into bilirubin. With iodine and 
eiUonne it forms resinous products. An alcoholic solution of biliverdin treated with 
«/tw* ooptde forms a purple compound, bilipu rpin, which, however, remains combined 
with the silver oxide, forming a compound which dissolves in ammonia, and yields bili- 
puipin on adding hydrochloric acid to the solution. The presence of bile-pigments 
may accordingly be detected by boiling the substance under examination with an 
ammoniacal solution of silver oxide, and acidulating the filtrate with hydrochkkrtc 
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colour will he produced. By prolonged action of silver-oxide, bilipurpin is converted 
into a yellow subetanco, biliflavin. Mercuric oxide dooe not Mt perceptibly on 
biliverdin ; peroxides act like silver oxide. The alcoholic solution of biUverdin 
gradually mixeti with nitric acid assumes a bluish-violet, then red, and ultimately 
Yellow odour (Thwlichum). a , 

These colours, which are also produced by the action of nitric acid on crude pil^ 
pigment,* correspond, according to JtxfPb {Zeitschr. /. Chem. [2] v. 666), to characteristic 
HlU-rations of the spoctruin. The blue-violet milution exhibits in the spectrum a 
bniail absorption -Uvnd between the linos C and I), which on dilution is resolved into 
two bands (a and 3 ) sepfvratotl by a l)right band near 1 ). Another absorption-band, % 
(.tccurs l>etwoen the lines h and F. As the action of the nitric acid progresses, the 
Vuimls a and /5 gratlually disappear, while y l>ecomo8 more distinct, and when the 
bolutiou exhibits a red colour, y likewise disappears. 

The pigment containetl in the blue-violet st)lution above mentioned may be obtained 
ill the sejmrate state by treating an alcoholic solution of biliverdin, or an ammoniacal 
solution of bilirubin niixod with alcohol, with a mixture of ortlinary concentrated 
nitric acid and the fuming acid, till a sample exhibits the absorption-bands a and 
then mixing the solution with clihtroform, am! shaking it up witli water. The water 
is tl>en remov(i<l ; the chlorofonu layer containing the blue pigment is filtered from 
bilivcnliu. and eva[X)mte«l to ilrvness ; and the resiilue is purified by repcaUid solution 
in eliloroform. The substance thus obtained is of a deep violet colour, insoluble in 
water, easily soluble in alcohol, ether, and vldoroforni, forming violet solutions. 
Alkalis dissolve it with brown-violet colour ; uciils with a fine blue colour. The 
m iitml and alkaline s«»lutions exliibit no absorption-hands ; but the smallest trace of 
acid l.rings to light the bands a, / 3 , and 7. The blue pigment dissolves in strong 
sulphuric acid, forming a <lark green solution, which on adtlilion of water deposits 
green flocks. The liquid filtere<.l from these flocks is blue by reflected, violet by 
traiismittfxl light, becomes bniwn when mixiid with sodium carl>onato, and is not 
decolorised by glucose : hence it does not conUiin indigo. If in the preparation of 
the blue substance the action of the nitric acid has been CJvrried too far, tho acid 
solutions have a violet colour. On agitating the sulphuric acid solution with ethQr« 
the latter bcorunes rod, and the acid liquid again blue. 

The pigment c<irre.sponding to the absorption -band 7 may bo obtained in exactly 
thu same way as tho blue pigment, excepting that tho action of tho nitric acid must 
Ik? carritnl so far lis tcj cause the ban^ls o and to disappear ct)mplotely. Tho sub- 
stance thus obtained is brown-rotl, and dissolves in alcohol, ether, and chloroform 
with a fine red colour, not altered by alkalis or acids. It is only the acid solution 
that exhibits the band 7 ( Jaffe). 

When human bile or dog-bile is trenUxl with hydrochloric acid, a rod solution in 
olftaincK-l which exhibits very distinctly the absorption -band 7. On adding an alkali 
the tsjIuLion acxjuircs a yellow colour (least distinct with ammonia), and then exhibit# 
an ahsorption-band 8, also between C and F, but nearer Uj C. The colouring matter 
may Ihj extracted from the solution by chloroform, and on evaporating the latter, 
there remains a rexl residue, which is soluhlo in water, alctjhol, ana chloroform, and ia 
pnvipitated from the aqueous H<ilution by Icv.id acetate or calcium chloride. The same 
rtxl pigment is found in normal human urine (Jaffe). 

A solution of cholophsein in chloroform obliterates the entire blue and violet end of 
the spectrum as far as tiic lino 70 of Bunsen's scale. Very dilute but still yellow 
solutions absorb only the violet. Solutions of cholophaein in aqueous ammonia produce 
similar phenomena. If their colour is equal to that of a strong solution of potassium 
dichromate, the field of view appears perfectly black frrjm the violet end to near the 
*»orlium line ( 60 ), and somewhat sharply defined. On diluting the solution, the colour 
gradimlly bmmes yellow and green, but somewhat dull. Biliverdin in alcoholic 
wflstion exhibits absorption at both ends of tho spectrum. In strongly coloured 
layers, it transmits only green light ; in somewhat more dilute layers, first yellow, 
omnge, and part of the r^ after^rds blue and violet. Very dilute solutions absorb 
only the very extreme red (Maly, Zcitschr. /. Chem. [2] v. 866). 

BnuDPVMnr. > 

1 See the preceding article, 

StliTU^wMlira. See NEUBisru. 

renm^ tint simitar coloani aro produced or* corerlos nttilB add with olbsr tMMtl 
and «s|icciaUy whb aicotu»l atone (CArm. CfenO*. 18 « 3 , p. Wi), 
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MXImTWMMIM, BZ&ZVRASnr. Bx&mvsm, BSUnmBW. See Btis. 

PIQMBNTS. 

aXBBKVTB. According to determinations by F. Field and J. Abel (Chem. Soe. J. 
xvi. 804), bismuth occurs in most sulphurett^ copper ores, in about the same 
proportion as silver in galena. 

The following process, devised by R. Vogel {Dingl. pel. J. clxvii. 187), is now adopted 
in Joachimsthai for extracting bismuth from ores not containing leajd. The stamped 
ores are mixed with 58 p. c. wrought-iron turnings, and, according to their richness 
and composition, with 15 to 50 p. c. soda, 5 p. c. lime, and 6 p. c. fluor-spar, and fused 
in Hessian or jplumbago crucibles. Arsenic and sulphur then separate, in combination 
with cobalt, nickel, and a small quantity of iron, in the form of speiss, and nearly 
the whole of the bismuth is obtained in the metallic state. A similar process (fusion 
with limestone and quicklime in proportion to the amount of silica, with addition of 
scraps of iron) is employed by Patera {Jahreab. 1862, p. 646) for the extraction of 
bismuth from refinery residues. 

Estimation and Separation. — J. IxJwe {Jakresb. 1859, p. 624) finds that basic 
bismuth nitrate, obtained by evaporating the nitric acid solution to a syrup, repeatedly 
mixing the residue with warm water, and evaporating over the water-bath, may bo 
washed with a cold solution of ammonium nitrate (1 pt. in 500), without a trace of 
bismuth passing into the filtrate. Ho accordingly recommends this process for the 
quantitative estimation of bismuth and for separating this metal from lead, the nitrate 
of which is soluble in the dilute solution of ammonium nitrate. To separate bismuth 
from load, copper, and cadmium tog<*ther, the concentratexl nitric acid solution is heated 
over the water-bath till the copper is wholly converted into insoluble basic nitrate, 
and the cooled residue is washed with ammonium nitrate, whereby lead and cadmium 
are dissolved, while the copper and bismuth remain behind, and may be dissolved in 
nitric acid, and separated by ammonium ciirbonate or potassium cyanide. 

According to H. Rose {Pogg. Ann. cx. 411), bismuth may be very exactly estimated 
AS oxgchhride, BiClO, or Bi-^Ol* . BiO*, which is quite insoluble in dilute hydrochloric 
acid. The solution, not containing too much free acid, is mixed with hydrochloric 
acid, and diluted with water, till no further turbidity is produced ; and the precipitated 
oxychloride is washed with waiter on a weighed filter, and weighed, after drying at 
100®. As however the precipitate is apt to lose a little chlorine by prolonged washing, 
it is bettor to reduce it by fusion with potassium cyanide, and weigh the metallic 
bismuth. This reduction is especially necessary when the solution contains sulphuric 
acid, as in that case the precipitate will contain a small quantity of basic bismuth 
sulphate. This mode of precipitation answers well for the separation of bismuth from 
copper, cadmium, cobalt, or zinc, but not from iron or lead. 

Bismuth may also be very exactly estimated as arsenate., 2BiA80*. H®0 (at 100®- 
1 20°), by precipitating the nitric acid solution with arsenic acid, disodic arsenate, or 
trisodic arsenate, wasliing the yellow precipitate with water by decantation, collecting 
it on a weighed filter, and weighing the precipitate and filter together, after drying at 
120®. This method servos also for the sepiration of bismuth from cadmium. It 
cannot however be used for the estimation of arsenic acid, inasmuch as the bismuth 
arsenate is soluble in excess of acid bismuth-solutions (Salkowski, Zeitschr.f. Ckem. 
[2] iv. 651). ' 

Accortling to RickRs {Bull. Soc. Chim. [2] v. 49), bismuth may be distinguished 
from lead by means of ajn?nonio‘thallic efuo^s (v. 748), which gives a white preci- 
pitate with bismuth salts, but none with any salt of lead, excepting the basic acetate 
The same reaction is exhibited by ammonio-thallic bromide. 


Compounds o/ Bismuth. 

Bismuth belongs to the nitre^en group of elements, being trivalent in its bea 
defined compounds, quintivalent only in the pentoxide Bi*0*, and in the bismuthate 
Bi''0*(OM) ; the so-called di-compounds of bismuth contain two atoms o 

trivalent bismuth in their molecule, the dichloride for example being { , th 

Bi-O BrCP 

dioxide } 

Bi=:0 

Tribromlde. BiBr*. — This compound may be premred by adding pulvense 
bismuth to a mixture of equal parts of bromine and anhydbrous ether. It is soluble i 
ether, and separates from the solution on evaporation in a vacuum, in deliqueieM 
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prisms which are decompos^ by water (Nicklte, Eip. Cfhtm, pure, i. S66). Its wrapy 
solution mixed with ammonium bromide yields yellow tables or prisms of a double 
salt: 2NH*Br .BiBr*,6H*0. The same compound is obtained in groups of trans- 
parent dichroic rhombic pyramids by heating an alcoholic solution of the two component 
bn»mide8 in a sealed tube. 

Bismuth bromide heated with anhydrous ether to 100*^ in a sealed tube dissolres, 
forming two layers, the lower of which contains a compound of bismuth bromide 
nnd ether, ciystallising on evaporation in very deliquescent rhombic prisms con- 
taining BiBr* . C*H'®0 , 2aq. : this compound destrt^ys paper (Nicklis, CAiVa, pure, 

iii. 189). 

Triotilori<le. BiCl*. — A solution of this compound in hydrochloric acid leaves 
on evaporation, slender white needles of. hydroffen-bismuth chloride^ BiCl*.2HGl 
(Jaeiiuelain, Ann. t'h. Phye. [2] Ixii. 363). 

Potai<»iitm-bi»mHlh chloride, BiCl’ .2KCl.pI*0, obtalnotl by evaporating a solution 
of bismuth chloride in hydrochloric acid mixed with potassium chloride, cry'stallises, 
lutMmling to liammelsbcrg {Krystallogr. Cknniv, p. 213), in rhombic combinations, 
<»P.P .oP.pQo . Ratio of axes a : b : c ~ 06873 : 1 : 1*7979. Angle 

ceP: <xP « 111°; P:P(bmch.) « 114° 36'; P ; P (macr.) 76° 22' ; P : P 
(basjtl) = 145°. The sodium salt BiCP.2NnCl.3H’^0 is obtained in a similar 
manner. Both these salts arc docomposeti by water (Jacquehvin). 

When ammonia gas is passe^l over bismuth chloride contained in a retort, three 
diflVrcnt products are formed, one of which, being very volatile, passes into the 
n^t eiver. while the other two remain in the retort. One * of these, consisting of 
2ni<’P.NlI*, is rcxl, fusible, and crystal 1 isable ; the other, Bid" . 2NI1*, is dingy green, 
and difficult to purify : its composition was est'ihlishe^l by th/it of the double salt 
which it forms when treate<lwith hydrochloric acid. The x'ohitilo compound is white, 
and consists of BiCl*.3Nll* (i)6h^rain, Cornpt. rend, liv. 72lh 

These ammouiochlorides treated with hydrochloric acio yield double chlorides 
of bismuth and ammonium, viz. 2BiCl*. NH*C1, crystallising in deliquescent 
nwtllcs; BiCl*.2NIPCl in hexjigonal himinsr, isomorphous with the corresponding 
antimony salt, and containing, according to Ihiinmelsberg, 2^ mol. water ; ana 
lii< P. 3NI1‘C1 in rhombic lamime (D^ih^pun). These double chlorides may also be 
ol tainofl by evap>rating acid solutions f>f bismuth chloride mixed in due proportion 
with sal -ammoniac. In preparing the hvst-meiitiono<l compfjund by this metluxl, the 
m .tluT- liquors ^Mcld an<aher salt, 2BiCI* . in rliomlsdiwlral crystals with 

antrlcs of 113° 32' and 102° 22' (Rjiminelsbcrg). I>6h6min has also obtained a double 
cltl», ride containing ly>th potassium and ammonium, viz. Bid*. 2NIPCI.KC1, which 
crystallises in rhombic lamina*. 

\ srl e}iiochloridt\ conUiiiiing BiSoCl or BiCl*. is obtained by adding 

pulvcri.scd bismuth sclenide to fused bismuth-ammonium chloride, hmting the maae 
t4ll it Is^ils quietly, and no m^ire unHlter4rd bismuth selenide can bo porceivetl in it, 
iiisl treating the cooled mass with dilute hydrochloric acid. The selenifxrhloride then 
remains in small iieedle-sliapod crysUils having a dark steol-gn^y cr>lour and metallio 
lustre. Heated in a stream of carbonic acid gas, it is resolred into chloride and 
selenide of bismuth, the former volatilising. It is also quickly and completely decnm- 
jKised by strong nitric acid (R. Schreider, Pogg. Ann. xciv. 628). 

Xri-lodt4l4»« Bil* (i. 594). — A solution of this compound in hydriodic acid yields 
by evap(jration rhombic octrffiednms of hydrogindjismuth iodide, BiI*.H1.4aq. 
(Arpf>©). 

Bisiputh iodide forms a largo number of double iodides, isomorphous with the 
OTfirespomling compountls of antimony; they are obtained by direct union of the 
component iodides, or by the action of iodine on bismuth in presence of the iodide of 
another metal (Nicklis, Compt. rend. li. 1097 ; Jakrtsh. 1860, p. 176; J. Pharm. [8] 
xxxix, 116; Jf^resb. 1861, p. 272. Linau, Pogg. Ann. cxi. 240; Jahreeh. 1860, p. 


(1) NH*I.BiI».H*0 

(2) KH«I.(Bi;Sb)I*.2H»0 
(8) 2NH*I.Bir*.m*0 

(4) 2NH«l.BiBr».|H*0 


(6) 4KHa.BiI*.3H»0 


Black needles ; obtained by action of iodine on 
bismuth, in presence of animonium iodide. 

Black crystals yielding a red powder. 
l)cpf»ited from absolute alcohol in red crvstals* 
Btchtoic deliqucftcent crystals ; obtainerl by aetion of 
bromine mi bismuth, in presence of ammonium 
iodide. 

Bark red-brown rectangular prisms ; powder dnnabar* 
red ; obtainerl by direct combination. 
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(6) KI . Bil* - 11*0 Black needles ; prepared like (1). 

(7) Nai. Bil*. 11*0 Black-brown efflorescent crystals, yielding a red 

powder. 

(8) NaI.(Bi;Sb)I*.2H*0 Obtained by treating a mixture of bismuth and anti- 

mony with iodine in presence of ammonium iodide. 

(9) 3NaI.2BiI*. 1211^0 Garnet-red rectangular prisms; obtained by direct 

combination. 

(10) B;il*, Bil*. 911*0 Small, red, shining, rhombic prisms, black when dried 

at 260°. 

(11) CaP. Bil* .911*0 Dark rerl, shining, rhombic prisms, with basal end- 

face. 

(12) Mgl* . Bil* . 1 2IPO Garnet-red rectangular prisms ; anhydrous at 1 76®* 

(13) Znl*. BiP. 1211*0 Resembles (12) ; anhydrous at 100°. 

The last four double iodides are obtained by adding bismuth iodide to a con- 
centrated solution of the other ioilide and evaporating (Linau). Among the 
compounds examined by Nickl^s, those containing 211*0 crystallise in rhombic 
prisms of 97° ; those with 1H*0 in right rhombic prisms of 135° 25', with a dome 
and numerous secondary faces. All these doable salts are more or less deli- 
quescent, decomposiblo by water, and in some ca.ses by alcohol, and cannot be 
recrystallisod. They are quickly altered by light, especially by the violet rays, their 
surface acquiring a red colour — (in alteration which likewise takes place in bismuth 
iodide itself (Nicklfea). 

Jiismuth Sulphiodide, BiSI, may be obtained, as a sublimate composed of long 
noodles, by disposing iodine, sulphur, and bismuth sulphide in alternate layers in a 
capacious crueildo, and subjecting the whole to a prolonged calcination (Linau). 
Oxides. Bismuth forms four oxides, viz. Bi*0*, Bi*0*, Bi*0*, and Bi*0*. 

IVi—O 

The dioxide or suboxide, Bi*0* or | , is formed by the action of the air on 

Bi=:0 

bismuth heated a few degrees above its melting point ; also by reduction of bismuth 
salts, with 8t4innous chloride for example. To prepare it, bismuth trioxide and 
stannous chloride in equivalent proportions are dissolved in hydrochloric acid ; the 
mixed solution is poured into moderatoly strong aqueous potash ; and the resulting 
black-brown precipitate of stannic oxide and bismuth dioxido is treated with strong 
potash-ley, which dissolves the stannic oxide and leaves the bismuth dioxide. The 
latter dried at 100° is a greyish-black crystalline powder, very difficult to reduce, but 
easily oxidisable, burning in the air like tinder (Schneider, Ann. Ixxxviii. 46 ; 

Schiffi, Ch. Pharm. cxix. 331). 

Bismuth dioxido shows but little tendency to unite with acids, but it exists in the 
form of stannate in the precipitate obtained in preparing it. This stannate is also 
produced, as a compound of a deep yellow colour, when a solution of stannous chloride 
IS poured upon pulverised bismuth nitrate ; if the operation is performed at ordinary 
temperatures, the compound may be preserved unaltered for several days; but on 
applying heat, it changes to a brown or grey -black piwder, which, however, when 
washed with w’ater, is reconverted into the yellow compound. The Ifttter dri(^ at 
100° is of a deep orange or ochre-yellow colour, insoluble in water and in dilute 
acetic acid, but soluble in mineral acids, the solutions giving a black precipitate with, 
potash. The yellow compound consists of 

SnBL*0* or ] ^Sn< | >0 or (Bi*0*)* 52 • 

By heating in the air it is oxidised to bismuthous stannate, 

SnBi‘0* or " Sn<’(BiO*)‘. 

Potash removes tlie stannic oxide from the salt SnBi^O*, leaving the bismuth dioxidep 
which may thus be obtained in the pure state (Schiff). 

J'rioxide or Bismuthotts Oxide. Bi*0*. — By fusing the ordina^ pulverulent 
oxide with potassium hydrate, it may be obtained in rhombic prisms, ooP , oP . 

|P< 30 . Axes rt : 6 : c = 0*8165 : 1 : 1*0640 (Nordenslydld, P^g. Ann. cxiv. 612). 

Ptntoxide. Bismuthio Oxide at Anhydride. Bi*0*. — Formed by heating th# 
corresponding hydrate to 180°; also, according to Schonbein {Jahresb. 1864, p. 174), 
by the action of ozone on metallic bismuth. It is easily reducible, fpving off paJEt w 
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its oxygen when hoatiHi a tittle bIkivo 130®; l»eing iiistanity decomposed by hydro- 
chloric acid ; with evolution of chlorine tvnd formation of bismuth trichloride, and by 
strong sulphuric or nitric acid, with evolution of oxygen ; dilute nitric acid does 
not act upon it ; according to Arppc, boiling nitric acid converts it into an oxide 
containing Bi*0*. It is not atUicketl by at^iieons alkalis. Acconling to Schoubeiu, 
itdecomposes hydrogen dioxide, and is itself rcnlucod to Bi’^O*. 

Butmuthic Hydrate^ Hydrogen Bitnnnihate^ or Bhmuthlc: Acid, IIBiO* or 
H*0.Bi■*'0^ analogous in composition to nitric acid, HNO*, is pnxlucoil by the action 
of chlorine on bismuthous hydrate suspcndtHl in concentnitod jH)ta8h-ley (i. fiO-l). 
Another hismuthic h^-drate, 2Hi*lPO’' or BiH")* . 2ll’*0 (corresponding to pyrophosphorio 
acid), is obtaine<l by treating a solution of bismuth nitnite with excess of pUassium 
cyanide. It is a dark brown p«)wder which givo.s olT its water at 160®, and is mluwd 
to trioxido by subsociuent ignition in a glass lube (Bikleker, Antt. Ch. Pkarm. cxxiii. 
61). 

The tetroxide, or Bismuthous Bisviuthate, Bi*0^ = ** 


(Bi'0)'7Q* 


Bi’O* . Bi^'O', is produced when the trif>xido is troatetl with oxidising 


agents in presence of an alkali. When chlorine is j^jissed into cold aqueous potash 
of sp. gr. r386 containing bismuth trioxido in snsjHmsion, a yellow, red, or brown 
oxide is formed, which when heated with strong nitric acid, is converted into an 
orange-j-ellow hydrate, Bi*0< . 211*0, which gives oif its water at 160®, leaving the 
light brown tetroxide (Schrader, Ann. Ch. P/wrm. exxi, 201; Jahresh. 1861, p. 260), 
With still more concent ni ted* potash-icy, hismuthic acid is prtHiucod {vid. sup.). Tlio 
tetroxide may also bo prepivrod by adding basic bismuth nitrate, griMlunlly anti with 
constant stirring, to sodium hydrate fused at a low nnl heat in an iron dish, ciuit inuing 
the heating and stirring till the mass has !>ec4>mo Mack-brown, or nearly black, boiling 
the decHTiteil and pulverised mass with water, <ligesting the utKlissolv<Ml reddisli-browu 
T)ow(k*r with cold dilute nitric acid, thou washing ttn<i drying it (Buttger, J, pr> Vhem, 
Ixxiii. 494). 


Bi*S©*. — According to R. Schneider (Pe 5 r< 7 . Ann. xclv, 628). tbo seloniilo 
prcj»ared, according to the nietluMl of Berzelius, by nising bisinulh with selenium 
(i. 696^, genemlly contains excess of bismuth. The pure selenide obtained by fusing 
2 at. bismuth with 3 at. selenium, ami frcfjuently rcnieltiiig the pnxlnct with fresh 
addition of selenium out of contact with the air, exhibits on the newly fractured 
surface a light steel-grey colour, metallic lustre, and distinct crystal lo-grauu hi r 
structure; it haa a sp. gr. »)f 6'82, the haziness of galena, and is Oiisily pulveriswl. 
It is scarcely altackcHl by strong hydrochloric acifl, even at the Isiiling heat, but easily 
and completely decoini>fmed by nitric or nitromuriatic acid, With bismuth chloride it 
forms the compf>und BiCISe or BiCl*. Bi"iSo* (p. 347). 

B^pHide. Bi*8\— A compound of this siilphido with potassium sidphide^ 
K*Bi*,S* *= K*S . Bi*S*, isobtainoil in light steel-grey shining netMlles, by fusing 1 pt, 
pulveriwHl bismuth, 6 pts. dry pr^tassium carbonate, and 0 pts. sulphur, and exhausting 
the fused mass with water, in which the double sulphide is soluble (K. Sclineidor^ 
Zeitschr.f. CKem. [2] v, 630). 

..A" oxy sulphide of bismuth, Bi'SO*, occurs native as Karelinite in the Altai 
(iii. 445). An artificial oxysulphide may be prepurcxl by halting the trioxido with 
sulphur to low redness in a retort. The mass blackens, gives off sulphuric oxide, and 
then tlio excess of sulphur, leaving a grey sojriaceous mass liaving a faint metallic 
liwtre. Incoming strong by burnishing, and a sp. gr. of 6*31. It c^mtains no metallic 
bismuth, but if again strongly ignit^, gives off sulphurous oxide and then exhibits 
small globules of bismuth. A product obtained in this manner by igniting 142 pts. 
bismuth trioxide with 40 parts of sulphur, yielded by analysis numbers which may be 
t-he formula Bi*S*0*, or perhaps Bi'-'O* . 2Di*S* (R. Hermann^ J. pr» 


Mnrmn, This name is given by Berthelot to the IcAst volatile of the 
hylrocarbotis obtained by passing Iwni^no vapour through a porcelain tube heated to 
* ” u ^ *^*^***’ distilling the liquid portion of the pnxluct the bitnmsne remains 
»n the retort, ^cn at a rod heat, as a bls^kish liquid, which solidifies on cooling. It 
dissolves only in boiling ether, and in small quantity, forming a fiuorescent liquid, vhielL 
leaves a meUUically lustrous film on evaporation IBidL Sac, Chim. £2] vi. 272), 

C*H*N*0* *• — This componnd is formed, together witli 

of iireo» on pasnoig the vwponr of eytuiie seid into mslted nraa, till a 
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solid mass ‘is produced. It is isomeric with cyanate of urea, and probably stands to* 
the latter in the same relation as urea to cyanate of ammonium (Finck, Ck. 
Pharm, cxxiv. 331), It is also produced, together with phenate of ammonium, on 
dissolving urea in phenol at 150°-160°, and may be extracted from the solid mass 
which forms on ftboling, by washing with ether, boiling the aqueous solution of the 
residue with hydrated leetrl oxide, and evaporating the solution after freeing it firom 
lead. It appeiirs from this reaction that urea when heated with phenol decomposes 
in the same manner as when heated alone, namely into biuret and ammonia (i. 600) : 
2CH‘NH) = + NIP (Baeyer, Ann. Ch. Pkann. cxxxi. 261). 

According tf> Ilupport a. Dogiel {Zeitschr.f. Chem. [2] iii. 691), the easiest way of 
preparing biuret from urea is to treat the urea with chlorine at 150° till the. mass 
becomes pasty. The product, consisting chiefly of biuret, is freed from cyanuric acid, 
formed at the same time, by wecipitation with basic lead acetate. 

Biuret is also produced by tbe action of ammonia on allophanic ether ; in fact, it has 

the composition of allophanic amide, N j ^*^^^*^*0* Dogiel). 

The aqueous solution of biuret mixed with silver sulphate yields, on addition of 
ammonia, a precipitate of silver cyanurate, and the filtrate “ireed from silver and 
evaporated yields crystals of urea and urea nitrate. . Biuret dried at 120° slowly 
BhBorhti Itydrochloric acid gm tit 100°, forming the hydrochloride 2C*H^N>0* . HCl, 
which, when heated to 160°-170° in the stream of hydrochloric acid gas, gives off 
water and carbon dioxide, leaving a yellowish white tumid mass, partially soluble in 
cold, completely in hot water. The p>rtion easily soluble in cold water contains sal- 
ammoniac, together with hydrochloride of guanidine, while the less soluble portion 
consists of cyanuric acid and monocyanurato of urea : 

2C*H»N«0* - NH* + CH<N*0 . C»H*N*0* 

Biuret. Urea cyanurate. 

CnPN»0* » CO» + C*H»N» 

Biuret. Guanidine. 

Biuret boiled with strong hydrochloric acid yields sal-ammoniac, together with small 
quantities of urea and guanidine hydrochloride. With nitric acid, it forms cyanuric 
acid, urea nitrate, and, as ultimate product, ammonium nitrate. By boiling with 
haryta-water, it is decomposed in the manner represented by the equation : 

C*H*N»0* + H^O = CH^N O + NH* + C0». 

Biuret. Urea. 

(Finck, loo. oit.) 

The relation of biuret to urea may be represented by the following fosmuhe : 
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WaxXK, the rod resinous colouring matter of annotto (the red paste obtained by 
crushing the se^s of Bijca Orellana), has been examined by Bolley a. Mylius {BuU, 
8oc. Chijit. [2] iii. 330), who assign to it the ©ropirical formula C*H*0*, and by W. 
Stein {J. pr» Chem. cii. 175), according to whose analyses it has the composition 
C**H**0\ 

Bolley a, Mylius prepare it by digesting the dried alcoholic extract of annotto with 
ether ; repeatedly treating the least soluble portion (which contains ^e greater pert 
of the colouring matter) with hot ether ; dissolving the remainder in alcohol ; precipitat- 
ing the alcoholic solution with lead acetate ; decomposing the washed precipitate with 
hydrogen sulphide ; extr^ting the colouring matter therefrom by hot alcohol ; and 
pre^itoting the alcoholic solution with water. Stein examined bixin prepared by 
Be Vrij from the fVesh flruits of Bixa Orellana by treating them with alkaline water, 
pi^ipitating the solution with sulphuric acid, and repeatedly boiling the preci|ntate 
with water and ether to remove a bitter principle and resin. 

Pure bixin is an amorphous substance of the colour of vermillion, not melting at 
145°, nearly insoluble in water, slightly soluble in cold akohol and in etlier, etatty 
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soluble in hot alcohol and in alkalis. It is not altered by dilute sulphuric or hydro- 
chloric acid ; dilute nitric acid turns it yellow ; strong nitric acid converts it into a 
yellow substance precipitable by water and sniolling like musk (Bolloy a. Mylius). 
According to Stein, it dissolves m 26-4 pts. boiling and 89 pts. cold j^ohol, in 346 pts. 
ether, 3486 pts. carbon bisulphide, 93*3 pts. chloroform ; also in alkalis and alkaline 
carbonates. The bitter, yellow, or brown-reil alcoholic solution gives au oran^ 
precipitate with netitral lel^ acetate ; brown-yellow with mercuric chloride and cupric 
acetate ; brown-rod with ferric chloride ; reddish-yellow with aluminium acetate ; and 
deep yellow with stannous or stannic chloritio on addition of ammonia. When boiM 
with hydrochloric acid it deposits a brown substance. Aqueous sulphurous acid 
partially decolorises the solution at the boiling heat. Bixiu fused with potassium 
hydrate forms a black-brown amorphous product. It is ooloureii deep blue by strong 
sulphuric acid, and forms nitro-compouncis when treated with fuming nitric acid. 

When a solution of bixin in very weak spirit is saturate^^l with chlorine, chloro- 
bixin, separates as a white cloud, forming when dry a yellow-brown 

amorphous powder, insoluble in water, easily soluble in alcohol and other. The action 
of chlorine also gives rise to other products richer in chlorine and less soluble in 
ether. 

Nascent hydrogen converts ,bixin, in acid or alkaline solution, into a substance 
insoluble in water, and drying up to a brownish amorphous mass whoso percentage 
composition is expressed by the formula C**11**‘0* (Steiu). 

SXi003>. The following are recent determinations of various constituents of the 
blood : 

Iron . — According to Polouzo {Com'pi. rend. lx. 880), the blood of various warm- 
blooded animals contains in 10,000 pts. by weight, the following quantities of 
iron : 



Kan 

Ox 

Tiff 

Qooso 

Turkey 

Domestic 

Fowl 

Duck 

Proff 

Max. 

637 

640 

695 

358 

336 

357 

344 

425 

Min. 

606 

480 

606 

347 

333 

— 

342 



IJtemoglohin . — See p. 352. 

C'holesterin, Protagon, and Fats. — Hoppo-Seyler {Mtdicin.-chem. Unters. i. 140 ; 
Jahresb. 1866, p. 746) has determined the quantity of cholosterin in goose- and ox- 
bhxxl : I. and II., from very fat young geese ; III. and IV,, from a fat old goose ; 
V. from the ox : 

In the Blood-corpxiscles. 


Grm. cholesterin ) 
in 100 C.C. blood. { 


I. 

0043 


II. 

0062 


HI. 

0040 


IV. 

0060 


V. 

0048. 


In the Serum. 

I. II. III. IV. 

<>'234 0-314 0 019 0 086. 

in 100 c.c. blood, y 

The amount of cholesterin in the coi^usclos (0 04-0*06 grm. in 100 c.c. blood) is 
independent of the amount of cholesterin and of fat in the serum or plasma. The 
proportion of the same substance in the serum varies considerably, increasing and 
diminishing with the amount of fat. The corpuscles of the same kinds of blood were 
found to contain no saponifiable fate, even when the serum was very rich in fist. The 
serum may contain a large quantity of saponifiable fats, together with cholesterin and 
protagon. 

Sugar and Respecti^ the presence of sugar in blood, see GnTcoaair 

(ii. 907). According to T. H. Ford {Jahresb. 1861, p. 792), blood in its normal 
state contains a nunute quantity of alcohol producra by fermentation of the 
sugar. 

Urea . — PoisseuiUe a. Qobley {Com^. rend. xlix. 164) found in 1,000 grammes of 
the blood of herbivorous and carnivorous animals, an average quantity of 0*220 gnu. 
area. Hence, supposing that the kidney of an adult man are traversed by 1,000 
kilogrammes of bl^ in 24 honrs, and that out of the 220 gnus, of nree thc^n 
contained, 20 ipms. are separated in the nrine, they oomdnde that 200 gnne. are 
letamed into ue eircnlation. 

— According to Hessaignee (X Pkarm. [3] xxxii. 43 ; XaArmb. 1$9T» 
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p. 382), calfs blood, twelve hours after removal from the vessels, contains a small 
quantity of trimethylamine, emitting the peculiar crab-like odotff of that base when 
agitat^ with milk of lime. The fresh blood does not exhibit this odour. 

Beemoglobin, Ksematoglobln, or Beematoorystallln (Hoppe-Seyler, 
Med.’Chem. Unters. i. 169; Zeitschr, f. Ch&tn. [2J v. 243; Jakrcsb, ]867j p. 798)^ 
This substance is the only colouring matter of the blorwl of vertebrate animals. The 
red corpuscles of the blood of man and many other mammalia consist almost 
exclusively of hiemoglobin, but in those of certain mammalia and birds the 
haemoglobin is associated with considerable quantities of albuminous substances. 

Preparation. — The separation of the corpuscles from the plasma or serum is best 
effected by mixing the blood — after separating the fibrin by beating it for ten minutes 
with a stick or a goose feather, and filtering through a linen cloth — with 1 vol. of a 
saturated solution of common salt and 9 vol. distilled water, and repeatedly washing 
the precipitated magma with the same liquid. To separate the haemoglobin from the 
other constituents of the corpuscles (proteids, cholesterin, a substance rich in 
phosphorus, which swells up in water, potassium chloride, and sodium phosphate), the 
washed magma is agitated with a small quantity of water and from 4 to 10 times its 
volume of ether ; the ether is drawn off after somq hours ; the removal of the 
cholesterin is completed by repeated agitation with ether ; and the red watery liquid 
is filtered. The solid matter collected on the filter consists of coagulated proteids, 
mixed, in the case of dogs’, guinea-pigs’, or squirrels’ blofxl, with crystals of hsemo- 
globin. The ethereal solution contains the whole of the cholesterin, together with part 
of the phosphorised substance ; and the aqueous solution contains the remainder of the 
latter, together with hieraoglobin, alkali-salts, and a (still unknown) nitrogenous 
extractive matter. 

Crystallised Hmnoglohin {Oxy hemoglobin). — The aqueous solution obtained as 
above from the blrKxl of the dog, guinea-pig, fat, or squirrel is for the most part 
immediately converted at low temperatures into a pulp of haemoglobin crystals. The 
same crysUvls may bo obtained from the blood of birds by cooling the clear deep red 
aqueous solution to 0° mixing it, while stirring, with vol. of 80 p. c. alcohol also 
cooled to 0°, and leaving the mixture to itself for a few days at a temperature of -6® 
to -10°. To purify the crystals, they are washed on a filter with a cooled mixture of 
1 vol. alcohol and 4 vole, water, pressed in the filter, stirred up with from 5 to 30 
times their volume of water, according to their solubility ; and the liquid, after being 
heated to 30° or 40°, is quickly filtered. It is then cooled to 0°, shaken up with air, 
mixed with J vol. alcohol, and loft to crystallise. After several rope'titions of this 
treatment (which may likewise bo applied to the crystJils which separate from the 
blood of the dog and other animals on addition of ether), the hsemoglobin is obtained 
pure, in the form of a vermillion-coloured pasty mass, which when dried below 0° 
yields a light brick-red wwder. From many kinds of blood, especially that of man, 
and of the ox, sheep, and pig, it cannot bo obt4iincd by this process in any considerable 
quantity (forming at most an amorphous precipitate), and the preparation succeeds 
for the most part only at low temperatures. Above 0° the solutions quickly 
assume a dark colour from decomposition, and are then difficult to crystallise. If the 
solution cooled below 0° bo gradually mixotl with alcohol cooled to a T6ry low temper- 
ature, amorphous haemoglobin separates, which is soluble in water, but is rcprecipitated 
^ alcohol in the amorphous state. All other modes of preparation were found by 
Iloppe-Seylor to yield loss satisfactory results. The crystals are mostly prismatic, bub 
those of the rat and mouse are tetrahedral, those of the squirrel 8ix-8i<ied tables. They 
are sparingly soluble in cold water, more soluble in warm water, and freely soluble in 
feebly alkaline solutions, such as serum. 

Amorphous hamoglobin may be obtained, not quite pure, from any of the kinds of 
blood above mentioned in the following manner. The defibrinated blood — or better 
the isolated blood-corpuscles — is agitat^ with water and ether ; the aqueous solution, 
after separation from the ether, is precipitated with basic lead acetate ; the liquid 
quickly filtered; and the lead separated from the filtrate by potassium carbonate. 
To the ice-cold solution, pulverised potassium carbonate is added till the colouring 
matter is completely precipitated ; and the precipitate is washed at 0° with a nearly 
saturated solution of the same salt., and press^ between paper. It may be freed 
from the greater part of the potassium carbonate by diffiisinn in water, bnt is apt 
to undergo partial decomposition at the same time. Amorphous hsemoglobin may 
be separated in the same n^ner from the solution of the hsemoglobin crystals. 
If the solution is mixed with several volumes of alcohol (instead of potassium 
earbonato), part of the hsemoglobin becomes insoluble in water, and is snbseqpenUy 
decompose. 
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Hemoglobin from the bl<x>d of the do^ and of the poose, repeotedlj crystalliBed and 
dried at 110^ol20% exhibited the foUo^ng composition : 

0 S N 8 F6 O P*0* 

Hog 6885 732 1617 0*39 043 21*84 — - 100 

Goose 64*26 7*10 16*21 0*64 0 43 20*69 0*77 « 100. 

The crystals, after drying in a vacuum at 0°, experience at 110®-120° a loss of 
weight due chiefly to water, but partly also to loosely combined oxygen, and 
amounting in the crystals from dogs’ blooa to 3*4 p. c., in those from goose- blood to 
7-2 p, c. 

In contact with alkalis or acids, haemoglobin is resolved into haematin and globulin. 
Treated with a great excess of glacial acetic acid, in presence of mctollic cjilorides, it 
yields globulin and haematin hydrochloride (hsemin) amounting to 8'86 p. c. of tlie 
hajm(>globin. 

The optical properties (absorption-spectrum) of haemoglobin, and its functions as a 
carrier of oxygon, are described under Rbsphiation (v. 89). The method of sj>ectral 
analysis has been applied by W. Preyer (^n». Ch. Pharm. cxl. 187) t«> the deter- 
mination of the quantity of lueraoglobin in blood. The determination depends upon 
the fact that a concentrated solution of haeimiglobin in a layer of a certain thickness 
is opaque, even in strong illumination, to all rays exoopting tlio reil, wlierens less 
concentrated solutions in a layer of the same thickness give passage to other rays 
besides the red and orange, and especially to a portion of the green. If, therefore, a 
measured quantity of bUxal plactxl before the slit of the 8p<K?tral apjiaratns be diluted 
witli water till green light appears in tlio spectrum, tlien, if the proportion of 
hjemoglobin in a solution which tninsmits the green under exactly similar circum- 
stiinces has once for all been debcrmine<l, it is easy to estimate the percenbtge of 
hemoglobin in the blood under examination. Preyer’s determinations made in this 
manner agree very nearly with the quantities of hiemoglobin cjilculated fr<»m the 
amount of iron in the same samples (O’ 42 p. c. of the h8emi)globin). The mean 
quantities of haemoglobin in blood from various animals wore as follows (A estimated 
by the amount of iron ; B by the spectral method) : 



Dog 

Shoop 

Ox 

Pig 

Cock 

Dnck 

A 

138 

11*2 

11*4-130 

12*0-14*1 

8’61-2’7 

8*1 

B 

13*3 

112 

136 

143 

90-9’8 

93 


These results further show that haemoglobin is the only ferruginous constituent of the 
blo(xl -corpuscles. 

Solutions of haemoglobin free from oxygen are not perceptibly allonxl by hi/drogcn 
tulphide^nT a,t leastonly after several days, even in presence of ammonia, Butrm treating 
oxy haemoglobin with the same reagent, several alterations take place simultiino^jusly 
or successively. The first action (which shows itself also in the ninmoniacal solution) 
is the separation of the loosely combined oxygen from tlio hiemoglobin, which is 
accelerated by heat, but always requires some time. In the ammoniacal solution of 
the colouring matter this abstraction of oxygen is the only reaction that tjikos place ; 
but in the neutral solution another change soon shows itself by the appearance of an 
absorption -band at the red of the spectrum (from 67 to 72 of the scale on which 0 
stands at 61 and H at 80). The colouring matter cliaracterisod by this band is 
distinguished from hsematin and from meta-hmmoglubin (q.v.) by tlio fact that the 
solutions of these two substances, when treated with ammonia and ammonium 
sulphide exhibit the bands in the green from 86 to 94 and 102 to 110, whereas the 
band of the colouring matter produce<l from oxy haemoglobin in the way just described 
rc^mains unaltered ^en thus treated. From its m(^e of formation, Hoppe-Seyler 
n^garda it as a sulphur-compound of haematin or haemoglobin. By the further action 
of hydrogen sulphide, this compound is decomposed (with separation of sulphur and 
an albuminous substance), whilst a body is formed which is olive-green in thin, 
brown-red in thicker layers, and dries up to a brittle hygroscopic mass having a 
pitchy lustre. This subkance in aqueous solution is coagujate^l by heating, also bj 
alcohol and acids. It contains all the iron (0*44 p. c.) of the hasmoglobin. and about 
four times as. much sulphur (1*67 p. c. instep of 0*416). A solution of iron sulphide 
(as obtained with very dilnte ferrous sulphate, tartaric acid, and ammonium suipnide) 
exhibits an absorotiou-band in the red, like t^t of the solution of hiemoglobin treated 
with oxygen ana with hydrogen sulphide. But uo formation of iron sulphide can 
bike place in the above^eseribed reaction, on account of the presence of oxygen; 
moreover, the product, as above stated, contains all the iron of the htCmo^bin. 
According* to Nawrocki {ZmUckr^ tmal. Chem, vi. 266; Jahmb: IMTt 'p. S02)»^ 
8up^ A A 
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ammonium sulphide exerts on hsemoglobin st first m^jr s^i^iw, (rtfteiVBids 
a rapid decomposing action. A solution of hamoglobin^joixea with J roL of ordinary 
ammonium sulphide exhibits a dark band in the rod at the Une C; the broad 
reduction-band (between D and E) becomes narrower and more sharply defined ; and 
afterwards a second broader band appears, covering E and extending beyond b. 
After the appearance of these bands, which disappear in about 24 hours, those 
of oxyhfiemoglobin are no longer reproduced by agitation with air. According- to 
W. Preyer {Jahresb. 1867, p. 802), potassium persiU^hide also causes the two bands 
of oxyhmmoglobin solutions to disappear, and at first brings out the band of reduced 
haemoglobin, but afterwards, especially on gentle heating, a sharply defined black 
band, beginning at ^ of the distance from D to E and ending at !§ of the same 
distance, and a ftirther band beginning at of the distance from I) to E and ending 
at I of that from E to d, make their appearance. At the boiling beat these bands 
disappear, the spectrum becoming shady, but reappear if the solution be (jj^uickly 
cool^. Solutions of the compound of haemoglobin with carbon monoxiae are 
altered by potassium sulphide only at the boiling heat, and again exhibit the two 
bands above mentioned on cooling. According to Hoppe-Soyler {Medicin.^hem, 
Unters, i. 299), the action of potassium sulphide ana ammonium sulphide on 
oxyhaemoglobin takes place only in presence of free sikali, and depend on the 
formation and reduction of hsmatin. 


Com'pound of Hwmoglobin with Carbon Monoxide. — By passing a stream of the 
gas, with frequent agitation, through an aqueous solution of blood-crystals, blood- 
corpuscles, or even defibrinated blo^, cooling the liquid to 0®, mixing it with \ vol. 
cola alcohol, and leaving it to itself at or below 0°, bluish-red crystals are obtained 
less soluble and less easily deoomposiblo than those of oxyhmmoglobin, with which 
they agree in external form. The solution, which is also bluish-red, gradually gives 
up its carbon monoxide when heated in a vacuum (100 grms. of the dry compound 
yielded 10*22 c.c. carbon monoxide) (Hoppe-Seyler). 

Blood which has been treated with carbon monoxide exhibits, when properly 
diluted, almost exactly the same abso^tion-bands in the spectrum as oxygenated 
blood (v. 87) ; but these bands do not disappear on addition of ammonium sulphide 
even after several days, whereas when oxygenated blood free from carbon monoxide 
is mixed with ammonium sulphide, it exhibits after a few minutes only a single 
absorption-band midway between I) and E. By this unalterabilit.y of blood con- 
taining carbon monoxiae by ammonium sulphide, the presence of carbon monoxide 
may be detected in the bloo(l of animals whi^ have been poisonetl even with small 
quantities of it (Hoppe-Seyler, Zeitschr, anal. Chem. iii. 439 ; Jahresb. 1866, p. 746). 
See also Pokrowsky and W. Kiihne {ibid.). Potassium sulphide acts upon the 
compound of hwmoglobin with carbon monoxide only at the boiling heat, the liquid 
on ctx)ling again exhibiting the two characteristic absorption-bands (Pteyor, Jahresb, 
1867, p* 802). Nawrocki (ibid, xvi. 640) finds that the quantity of oxygen displaced 
from arterial blood by passing a stream of carbon monoxide through it is equal tc 
that which is evolved fcom the blood on placing it in a very perfect vacuum. 

Compound of Hamoglobin with Nitrogen Dioxide.^On passing nitrogen dioxide 
into a solution of the preying compound, protected as far as possible from access of 
air, the wrbon monoxide is displaced, and a com^und of hsemoglobin with nitrogen 
dioxide is formed. The oxygen of oxyhaemoglobin is likewise displaced by nitrogen 
dioxide. The quantity of the gas absorbed by arterial blood is, however, but small. 
Blood from the crural artery of a dog took up, after addition of baryta-water, from 
26-4 to 27*6 vol. p, c. ; defibrinated aogs' blow 23 vol. p. c . ; defibrinated ox-blood 
31*8 vol, p. c. (iwuced to 0*^ and 1 metre pressure). Blood saturated with nitrogen 
dioxide ej^bits the same two absoiption-bands as oxygenated blood ; but the entire 
spectrum is darkened at the same time, and the progress of illumination on diluting 
the solution is different from that which takes place with oxyhmmK^obin. 

Compounds <f Hamoglobin with Hydrogen Cyanide and Potassium Cyanide. — A 
concentrated solution of guinea-pigs' or dogs’ bloi^ mixed with prussic acid, deposits, 
on addition of \ vol, alcohol and cooling to 0®, crystals which are undistinguishable in 
appearance fWim those of oxyhs^oglobm, but still retain hydrogen cyanide even after 
repeated crystallisation and drying in a vacuum ; the hydrogen <^anide may, however, 
be separate by distillation with water and a few drops of dilute sulphuric acid. 
This compound is more stable than pure oxyhmmoglobin, its solution not becoming 
perceptibly darker at temperatures above 0®. 

The absorptaon-spectrum of blood is not altered by addition of prussic A 

solution of blood or of oxyhiomoglobin enclosed in a tube, together with a few ihops 
of prnssio acid and a veiy small quantity of air, and left for seve^ mon thM, 
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exhibits ths two absorption-baiids ci oxyhnmoglobin, whereas if no prossio add be 
added* nothing but Uie bands' of reduc^ haemoglobin can be seen* even after a few 
days. Mercuric cyani^ exerto Uie same conservative action as hydro|:en ^mnide on 
luemoglobin* whereas all other mercury salts and all adds decompose it. The blood- 
corpuscles themselves do not ap]^ar to take up hydrogen cyanide (Hoppe-Seyler). 

Elutions of potassium oyanidSf either eoncentratod or dilute, do not afTect the 
0 [^icsl characters of •hasmoglobin at ordinary temperatures; but on raising the 
mixture to the temperature of the animal body, the two characteristic absorption- 
bandfs disappear, and a broad band comes to light somewhat nearer to the violet than 
that of reduced hsemoglobin. In Uiis solution — which has a yellowish tint, is very 
permanent, and does not coagulate when heated — the two absorption-bands of 
oxylisemogiobin are not reproduced by the action of a stream of oxygen. On adding 
ammonium sulphide, the broad band disappears, and a new spectrum is formed with 
two bands from A to of the distance from B to E, and from between D and E 
as far as I from E to A. This spectrum is very much like that of the compound of 
lisemoglobin with carbon monoxide (the bands of the latter extend from 3 ^ to JJ 
between D and E, and from | J between D and E as far as I from E to 6 ). If the solution 
be subjected to the acticm of oxygen, the broad band reappears, and on repeated 
mldition of ammonium sulphide the two other bands are reproduced ; the solution is 
then also coagulated by heat. Hydrogen cyanide and ammonium sulphide, with aid 
of hcsit, produce the same phenomena, viz. disappearance of the bands of oxyhremo- 
globin, appearance of the broad baud, and then of the two bands ; the reaction is 
moreover attended with separation of sulphur. On passing oxygen into the liquid, 
these appearances are reversed as far as the transient appoarjinco of the oxyheomo- 
globin bands. Hence it appears that the compounds of hydrogen cyanide and 
potassium cyanide with haemoglobin also contain oxygen, which is removed by 
ammonium sulphide, but is more intimately combined than in oxy haemoglobin, and 
that in presence of hydrogen cyanide or potassium cyanide, haemoglobin cannot be 
converted into oxy haemoglobin. 

When potassium cyanide is added to the aqueous solution of the compound of 
haemoglobin with carbon monoxide, the characteristic absorption-bands do not 
disappear till the mixture is heated to 40°, whereupon the above-mentioned broad 
band appears, and on addition of ammonium sulphide is further altered in the 
manner already described ; by agitation with air, the brood band is reproduced, and 
afterwards the orignal spectrum of the carbonic oxide compound. Hydrogen cyanide 
and ammonium cyanide act in the Siirae manner with aia of heat ; but the filtered 
solution, after agitation with air, finally exhibits the bands of oxyhaemoglobin 
(Preyer, T^eitschr. anal. Chem. vi. 289 ; Jahresb. 1867* p. 803). Acconling to 
Nawrocki {Jahresb. 1867, p. 204), the broad absorption-band produced in a solution 
of hsemoglobin on heating with potassium cyanide^ belongs, not to hsemoglobin, but to 
hsematin. It is obtained immediately and without ht^ating if the solutioD of 
hsemoglobin, before the addition of potassium cyanide, be mixed with caustic potash. 

Koemotin. C^H'**N'*Fe*0*». — This substance was formerly regarded as the red 
colouring matter of the blood. The investigations of Hf)ppe-Seyler have shown, how- 
ever, that it does not exist ready-formed in blood, but is produced, together with 
globulin, from hsemoglobin when blood is treated with acids or alkalis (p. 363). It 
may be obtained pure by dissolving its hydrochloride (hsemin) in ammonia, evaj^rat- 
ing to dryness, heating the residue to 130°, dissolving out the ammonium chloride by 
water, and heating the residue to 130° (Hopp^Sej^lor) ; also by mixing defibrinated 
blood (or blood agitated with ether as long as it will take up that liquid, and filtered) 
with a strong solution of potassium carbonate, till the liquid adhering to the separated 
coagulum becomes colourless ; drying the ooa^lum on a filter at a temperature not 
above 50° ; and digesting it for some days with absolute alcohol in a close veMel at a 
moderate heat (below 60'^). The red liquid filtered therefrom is an alcoholic solution 
of haematin (Wittich, J. w, Chem.. Ixi. 11 ). 

In acid liquids, as in the hot extract of blood with acidulated alcohol, the spectrum 
of hsematin exhibits a very faint absorption of the light from the middle space between 
the lines A and a to the middle between 5 and C. On diluting with alcohol, a shai^ly 
defined absorption-band appears between C and D, near G ; and on further dilutum, 
two absorption-bands appear in the green, faintly defined and soon vanishing (Hoi^e- 
Beyler, JaArtsh. 1865, p. 667)- According to Kawrocki (ZsUsekr. and.. Cksm. ri. 286 ; 
Jahresb. 1867, p. 804), the spectrum of bnsaatin is best seen in the ethereal solution 
obtained by mixing minted blood with a little acetic add and an equal vednme 08 
other. This aolutioii exhibits a bfund cdneidiiig with C, a seeofid befors Kr end m 
third fiuater erne between 6 and F. The brown solution of hamulan in poteeh qb 
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potassium ^ranide exhibits least absorption of light near the Une C ; on diluting this 
solution there remains a band between I) and but nearer to L, which, however, 
likewise disappears while the solution still exhibits a strong colour ; hydrochloric add 
throws down from it unaltered haematin. Hence it app^rs that haematin forms with 
potassium cyanide a double cyanogen-compound, which, like the double metallic 
cranides, differs in colour from the other compounds of haematin with acids or bases 

i Hoppo-Seyler, loc. According to Nawrocki, alkaline solutions of hsematin 

hflemin-crystals or Wittich’s haematin) dissolved in ammonia give a spectnim with a 
band between C and D ; but after treatment with a ferrous salt or with stannous 
chloride, they exhibit two other bands, which do not disappear on agitation with air, 
and are likewise visible for some time in the red ethereal solution obtained by mixing 
the ammoniacal liquid with ether and glacial acetic acid ; but in this they gradually 
meige into the three bands of the normal haematin solution. If, on the other hand, 
the alkaline solntion of haematin be mixed with ammonium sulphide, the liquid exhibits 
the same bands as haemoglobin when similarly treated, and no longer yields up any- 
thing to ether on addition of acetic acid. Even very dilute solutions'of putrefied blootl 
exhibit this reaction with ammonium sulphide very distinctly (Nawrocki). Haematin 
(or haemin) heated for some time with ammonia or a fixed alkali is converted into a 
body, the solution of which in acidulated alcohol or in an alkali has a dingy olive- 
green colour, dark rod in thicker layers, and after treatment with reducing agents does 
not exhibit the spectrum of reduced haematin ; neither can haemin crystals be obtained 
from it (Hoppe-^yler, Jahresh. 1867, p* 806). 

By dissolving hsemin in strong sulphuric acid, and adding water to the solution, a 
substance is precipitated, resembling haematin but not containing iron ; it is soluble in 
alkalis. The solution of this non-ferruginous haematin in strong sulphuric acid like- 
wise absorbs blue and violet light strongly ; on diluting it with sulphuric acid, a very 
dark well-defined band appears about midway between D and E ; and a narrow band 
between C and D (near D), the spectrum appearing also very darkly 8hado<l between 
I) and the dark absorption-band. The solution of non-ferruginous hsematin in dilute 
ammonia exhibits the smallest absorption for red light ; on diluting with water, an 
absorption-band appears midway between C and D, and three others on further dilu- 
tion. The absorption of this solution is altered by ammonium sulphide or potassium 
cyanide in the same manner as that of ferruginous haematin ( Hoppe- Seyler, Jahresb. 
1866, p. 667). 

Haematin Hydrochloride. Teichmann* 8 Haemin Cry si als, 
C»'H'«N'2Fe»0‘». 2HC1.— This compound is obtained in regular crystals by treating 
haemoglobin or metahaemoglobin with common salt and glacial acetic acid. The 
cr^'stais are rhombic or six-sided plates, dark blue by reflect^, dirty brown by trans- 
mitted light. They are quite insoluble in water, alcohol, and other, soluble in acitls 
and alkalis, but decomposed at the same time by all acids excepting hydrochloric and 
acetic. They may be heated without decomposition to 130°, but burn at a red heat, 
leaving a residue of iron oxide. 

The following mf^e of preparing these crystals is recommended by J. Gwosden 
(IFiew. Akad, Her, liii. [2] 683 ; Jahresb. 1866, p. 74^6) : Defibrinated blood dried at 
ordinary temperatures, or the clot of blood cut up and dried, is triturated in the form 
of powder with J pt. of pure potassium carbonate, and the dry mass is digested at 
40°-46® with alcohol of 94 p. c. till the resulting dark garnet-red solution no longer 
becomes deeper in colour. The liquid is then filtered ; the residue ixgnin treated with 
alcohol; and the unitefl extracts are mixed with rather more than an equal volume of 
water, and then with acetic acid sufficient to produce a slight acid reaction. The 
brown flocculent precipitate thereby produced is collected on a filter, slowly driefl 
(finally at 100°), Uien triturated with ^ pt- sodium chloride and 20 to 30 pts. glacial 
acetic acid, and the mixture is digested for some time at 60® till a crystjvlline maes 
separates. The whole is then heated to 100® and left to cool, and the crystals are 
w^hed on a filter with warm glacial acetic acid, then provsed, dried, and again 
boiled with water. According to Hoppo-Seyler (Mid.-chem. Unters. i. 298 ; Jahresb. 
1867, p. 806), the process may bo oclvantageously mollified as follows: The blood 
is coagulat^ by pouring it into alcohol or boiling water ; the clot, separated by filtra- 
tion and still moist, is wormed with alcohol to which a few drops of strong sulphuric 
acid ^ve been added ; the filtered brown solution is mixed with a warm saturated 
^Intion of sodium acebtte, then immediately neutralised with sodium carbonate ; and, 
in order to promote the separation of the hsematin (if it has not taken place already), 
either mixed with water or fteed from alcohol by distillation. The precipitate, after 
being washed on a filter and dried in the air, is for treatment with common sal e 
Itnd acetic acid as above. 
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JOetectkin of Blood'-^^ins , — The formation of lisemin crystals by the action of 
common salt and glacial acetic acid is quite characteristio of blood, and affords a very 
delicate indication of its presence. To ascertain whether a spot on linen, cotton, 
woollen cloth, wood, or metal consists of blood, the stained tissue or wot)d, or the 
substance scraped from the metal, may be simply boiled for a few niimites witli 
glacial acetic acid, a few drops of the solution evaporated to dryness at 40°-60°, and 
the residue examined by the microscope. In operating on fresh still highly coloured 
spots, or on dried blood, the addition of sodium chloride may be dispensed with, as the 
blood itself contains sufficient of that substance to pro<luce the reaction ; but if the 
stiin is old, or has been partly washed out with water, a small quantity of common 
sidt must be added during the boiling or before the evaporation (Briicke, Jahresb. 
1857, p. 609 ; Scriba, Simon, a. Buchner, ibid. 1869, p. 706). Or the substance may 
be triturated as above described with potassium carbonate, then digested with alcohol 
at 40'^-60°, and the evaporated residue treated on the object-stage of the micixiscope 
with salt and glacial acetic acid, or with the latter alone (Gwosdeii, Aw. cU.). Accord- 
ing to Krlmann (J. pr. Chem. Ixxxv. 1 ; Jahresb. 1862, p. 684), the colouring matter 
of blood cannot bo extracted from dried clay or ferric oxide by glacial acetic acid ; 
V»ut, by digesting a portion of dried soil containing blood with water, or in some cases 
with p>t4ish-ley, and treating the filtered solution with chlorine-water, a coaguliim is 
obtained which yields hfleniin crystals with salt and acetic jj,cid. In applying the 
preceding method to the detection of blood in judicial investigations, it is important to 
remember that, acconling to the statements of most observer, the bUxxlof the greater 
number of warm-blooded animals yields hseniin crystals exhibiting the same form and 
gi'ueral appearance as those obtained from human blotKl, Krauss, however, states 
that the haemin crystals from human blood are quite distinct in chametor from those 
produced from the blood of oxen, sheep, pigs, or poultry {Jahresb. 1861, p. 792). 

Another very delicate test for blood is affonlod by tincture of guaiacumf which, in 
conjunction with hydrogen dioxide, or ozimisod oil of turpentine, or other substance 
capable of yielding ozone, ebanges the colour of the blood to blue. The same colovir 
is however produced by guaiacum and oasonising substances, with fresh gluten, ctiseiu, 
Icgumin, gum arabic, and various iron compounds, egj)ecially ferric acetate and 
citrate : bonce this reaction is useful only aa a vorifleation of other experiments, and 
Ciinnot be regarded as affording positive demonstration of the presence of bhxxi ; its 
non-production may, however, bo accepted as a proof that the sjpot under examination 
does not consist of blood (Van Been, T^dtschr. anal. Chem. li. 469. Liman, ibid, ; 
Jahresb. 1863, p. 716. See also Taylor, Guy's Hospital Reports^ 1868). 

On the detection of blood by its absorption-spectrum, see H. C, Sorby {Chem. News 
[1866] xi. 186, 194, 232, 266). 

SOmEU A large number of carefully conducted analyses of the boiios of man and 
other animals by Zaleski {Med.-chem. Unters. i. 19 ; Jahresb. 1866, p. 767) have led 
to the following results: 1. The proportion of organic to inorganic substance is 
nearly constant. The mean of several analyses gave : 

Tostudo 

Man Ox gneca Onfnoa-plg 

Inorganic substance 66*44 67*98 63*06 65*30 

Organic „ 34*66 32*02 36*96 34*70 


2. The proportions of the several constituents of bone-ash (lime, map^esia, 
phosphoric oxide, carbon dioxide, calcinm chloride, and calcium fluoride) exhibit only 
slight variations, scarcely beyond the limits of analytical error. 100 gnus, of ash 
yielded : 


Testudo 


Cwbon dioxide 

ICan 

6*784 

Ox 

6*197 

gmea 

6*276 

Ordnsa-plff 

Lime . • 

62*966 

63*887 

62*396 

64*026 

Magnesia 

0*621 

0*468 

0*666 

0*488 

Phosphoric oxide . 

89019 

40034 

88*672 

40*881 

Chlorine 

0 183 

0*200 

■ ■ 

0*183 

fluorine • . 

0*229 

0*300 

0*204 

— 

(PO^)*Oa* . 

1*039 

1*024 

1*867 

1*066 

83 889 

86*096 

86*981 

87*879 

CaO* . 

7648 

7*367 

6*819 

7*027 


S. With exeeptioii of the bones in the thield of I^ftiuda »U booet oosteln 
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chlorine, in the form of a compound insolnhle in cold witer. — 4. The qnantitieft of 
chlorine and fluorine in all bones are nearly the same ; the latter, howeyer, is less 
according to these analyses than according to older determinations. — 6, The quantity 
of calcium, not in the form of phosphate, is greater than that which corresponds with 
the formula of apatite, (PO‘)*Ca* . CaF'. 

Experiments with pigeons showed that an increase in the proportion of lime or 
phosphoric acid in the food does not produce any alteration in the proportion of 
•organic to inorganic substance, or of lime to phosphoric acid. 

Koussi n (/. Pharm. [3] xliii. 102) found that the young of a rabbit which received 
in its fofHl a small quantity of calcium arsenate contained in their bony skeleton (but 
not in the muscular tissue) notable quantities of arsenic. 

Wicke {Ann. Ch. Pharm. cxiii. 261) has examined the ash of the bony plates in 
the scales of the armadillo {Dasy-pm &excinciu9\ and that of the caudal vertebrje, with 
tlie following results : 

(PO*)*Ca* (PO*)*Mg* CO*Ca SO*Ca SiO» Fe'O* KCI 

Bony plates . . 85*33 1*19 11*75 0 38 0*29 0 65 0*56 

Caudal vertebr® . 87*56 2*18 10*36 — — • 0*29 — 

Respecting the composition of fossil bones, see Del esse, Compt. rend. lii. 728 ; 
Jahresb. 1861, p. 1087 ; Couorbe, CompUrend. liv. 49; Gobel, J. pr. Chcm. Ixxivi. 
318 ; Schwarzenbach,, Chem. Centr. 1862, p. 706 ; Jahresb. 1862, p. 549 ; — of bones 
from Pompeii *. De Luca, Compi. rend. lix. 667 ; Jahresb. 1864, p. 674. 

80 Mr 8 D 0 ]tl*FXTB. The mineral thus named by Thomson, from Abo in Finland, 
appears from analyses made in Arppe’s laboratory to be identical with Fahlunite 
{Jahresb. 1862, p. 748). 

BORirsoXf, is produced, together with sodium-camphor, by the action 

of sodium on common camphor : 

SCioH^O -h Na* « + 2C>"H'^NaO 

(Baubigny, Zeitsckr.f. Chcm. [2] iii. 71). 

Borneol heated witli nitric acid yields camphrctic acid, together with 

Gvmplioric acid, (Schwanert, Jahresb. 1863, p. 400). 

Borneol boated with organic aci^ to 200® forms compound ethers : with stearic 
acid, for example, it yields the other €**11**0* = 0*"H**0* + — H*0. The 

stearate and benzoate are neutral, colourless, inodorous liquids, soluble in alcohrd and 
in other, and resolved by alkalis into borneol and the corresponding acids (Berthelot, 
Compi. rend, xlvii. 262). 

A solid substince, C'*H**0, homologous with borneol, is deposited from oil of 
patchouli (^.v.). 

BOBOV. The so-called graphitoidal boron (i. 628) appears from recent experiments 
by Wohler a. Doville {Ann. Ch. Pharm. cxli. 268) to consist of aluminium boride, AIB* 
(anal. 64-91 aluminium, 45-09 boron ; calc. 65'46 and 44*54). Its formation on fusing 
aluminium with amorphous boron or boric oxide appears to take place especially when 
the boat applied is neither very strong nor long-continued. It is also produced when 
aluminium is fused in vapour of boron chloride. Its crystals, as well as those of adaman- 
tine boron, appear from Miller’s determinations {Phil. Mag, [4] xxxi.*397) to belong 
to the monodinic system. When ignited in the air it acquires a steel-grey tarnish, but 
does not burn; but in chlorine gas it burns with vivid incandescence, yielding 
aluminium chloride and boron chloride. It is easily dissolved by moderately strong 
nitric acid ; slowly, and with evolution of hydrt^n, by hot strong hydrochloric acid 
and by solution of caustic soda. 

Boron OtilOTldo, BCl*, boils at 18-23® under a pressure of 760 mm. (Regnanlt, 
Jahresb. 1863, p. 70). It unites with ethyl cyanide, forming the componnd 
C*H*N . BCl*, which crystallises in right rhombic pnsms, may be fused, and for the 
most part volatilised, without alteration, and is decomposed by water into ethyl c^-anide, 
boric acid, and hydrochloric acid. Boron bromide forms a similar compound (Gautier' 
Ann. Ch. Pharm. cxiii. 28^. 

According to Nicklte (.^. Soo. [2] iv. 189), a solution of boric oxide in 

absolute alcohol absorbs hydrochloric acid gas, forming an oily liquid having the 
composition a^O*.6HCl, 10C*H*O, and yielding by distillation at 85® a compound 
of boron chloride with ethvl oxide and water, 2BCI* . 6C®H'*0 . 9H*0, A bromine- 
compound containing 2BBir.l8C®H**0. 16H*0 is obtained in a similar manner. 
According to SchiflT, on the other hand (Ann. Ch. Pharm. Suppl. v. 154), an alcoholic 
« solution of boric oxide saturated with hydrochloric acid gas yields, not a compound ^ 
boron diloride with ether, but a mixture of ethyl borate, alcohol, ethyl chloride, and 
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hydrochloric acid ; in like manner, boron chloride in contact with alcohol forma ethyl 
borate aiid hydrochloric acid. 

aoroa aitride* BN, is easily produced by heating 1 pt. of fhsed and very finely 
pulrerised boric oxide with to 3 pts. urea; it always however retains a small 
quantity of boric oxide, which cannot be remov^ by washing. It is not altered by 
moderate ignition in chlorine gas, but acquires thereby the property of glowipg V&ty 
brightly at the edge of a flame. At a very strong red heat, boric chloride is formea. 
Vapour of iodine and dry hydrogen do not act upon it (Darmstadt, Ann, Ch, Phann, 
cli. 256). 

Borte Oxlde« ^dold^ and Salta. According to Merz {J, pr. Chem, cxix. 17d), 
crystiillised boric acid heated to 270® retains from 2 8 to 3‘1 p, c. water, the residue 
having the composition 8B*0*.H*0. 

A compound of boric oxide with sulphuric acid, 5B*0* . 2H*SO*, is produced by 
fusing boric oxide in strong sulphuric acid, and heating the clear liquid to 260®-280° 
till the excess of sulphuric acid is driven off. The compound solidifies on cooling to 
a transparent glass, which for the most part may be further heated to 860®-400° 
without decomposition, but sometimes gives off water and sulphuric acid, and is 
converted into a dry white mass (Mens). Boric oxide is dissolved by acetic oxide at 
the boiling heat, forming a syrupy liquid which solidifies on cooling to a ritreous mass 
consisting of acetic borate, B{OH*0)0*, which is resolved by water into boric 
and acetic acids (Schutzenberger, PAp. Chim. pure, iv. 6). 

In estimating boron or boric acid by evaporating the aqueous solution of the acid 
with a known weight of sodium carbonate, and determining the carbonic acid in the 
residue (i. 630), the process may be simplified — if the amount of the boric acid is 
known within certain limits — by so adjusting the (quantity of alkaline carbonate 
added, that for each molecule of boric oxide, B*0*, in the solution, there shall be 
present not less than 1 and not more than 2 molecules of sodium oxide, Na^O (or 
between 1 and 2 at. sodium t-o 1 at. borfin). Under these circumstances, the whole of 
the carbonate is decompose<l, the weight of the residue is constant, and the carbonic 
acid estimation may be dispensed with. To avoid excessive tumefaction and violent 
evolution of gas, it is best to evaporate the solution in a platinum dish, heat the 
residue therein till all decrepitation has ceago<i, and tlieii introauce it by small portions 
into a red-hot crucible (Schaffgotsch, Pogg, Ann. evii. 427). 

Marignac {Zeitschr. anal. Ckem. i. 405) gives the following method for estimating 
boric acid in solutions containing only alkali-metals. Insoluble borates must be 
previously decomposed by fusion with s^ium carbonate, and any silica that may be 
present precipitated from the aqueous solution of the fusefl prcxluct with chloricfo or 
carbonate of ammonium. The solution is then to bo neutralised with hydrochloric 
acid, mixed with a quantity of magnesium chloride (or, better, magnesium-ammonium 
chlori<ie) such that 2 pts. of magnesia may be present for every 1 pt. of boric oxide, 
and after addition of ammonia (which should produce no turbidity, otherwise sal- 
ammoniac must be added) evaporated in a platinum dish. The boric acid appears 
to be present in this solution as magnesium-ammonium borate, and is held in firm 
combination ; nevertheless it is advisable to maintain the alkaline reaction during tho 
evaporation by occasional addition of ammonia. On heating the dried rosirliie to 
redness, and lixiviating it with boiling water till the chlorine reaction is no longer 
apparent, the greater part of the boron remains as insoluble magneeium borate, a 
small portion however passing into the wash -water. The preceding series of operations 
must therefore be repeated on the entire filtrate ; and even the wash-waters then 
obtained yield small quantities of magnesium borate by further evaporation, ignition, 
and washing. The whole of the residues thus obtained are ignitm together in an 
open crucible to deocunpose any magnesium chloride that may be present, then 
weighed ; and the quantiiy of magnesia in them is determined eitlier by precipitation 
as atnmonio-magnesian phosphate, or alkalimetrically by solution in a juiown vofume 
of standard sulphuric add and oounter-UtratioD. The quantity of boric oxide is 
determined by difiference. 

To decompose borof luorides, Marignac fuses them with alkaline carbomUe; 
dissolves the fused mass in water ; decompo^ the greater part (not the whole) of 
the excess of alkaline carbonate by heating with sal-ammoniac ; and precipitates the 
solution with a neutral or ammoniacal solution of calcium chloride. (If the li^id 
were acidulated, the borofiuorkle would be reproduced.) The preetpiiate of ^cium 
carbonate and fluoride is easily washed, after which it is to be dried, gmUy ignited, 
mixed with acetic and evaporated, and further treated in the usual way. The 
liquid filtered from the procapitate formed hy ealetum chloride eontaioe the whole of 
the boric add, iriiich, after the exceas of lime has been removed by caxixmate and 
oxala te of ammonium, may be estimated in the maaner above describe 
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K Xe Hoax (Bud, Soc. Chim. [2] vii. 485 ; Jahr$tb. 1867, p. 187) describes certain 
peculiar alterations exhibited by fused borates when rapidly cooled. 

When boric acid and alumina are dissolved together in hyd^hloric acid, and the 
solution is treated with ammonium carbonate, part of the boric acid goes down with 
the aluminA, and can only be separated from it by heating with hydrofluoric acid 
(Wohler, Jahrcsb. 1867, p. 836). 

A compound of boric and phosphoric oxides, B*0*.P^0*, is formed by heating 
crystallised boric acid with concentrated aqueous phosphoric acid. It is a white 
earthy mass, which melts before the blowpipe, is nut decomposed by boiling water or 
by strong acids, but is dissolved by boiling caustic alkfilis. By fusion with sodium it 
yields sodium phosphide and a black scoriaceous mass, probably consisting of boron 
phosphide (Vogel, Zeitschr. f. Chem. vi. 1 25). 

IHCetallio Borates. Potasaiinn triborate^ K^O . SB'^O® . 5H*0 or 2(KB0*.B®0*) . 
6H^O, crystallises from a hot solution containing 2 mol. boric oxide to 1 mol. 
potassium carbonate at 6°, in rhombic prisms having a vitreous lustre and^mianent 
in the air. Combination ooP . ool^oo . ^ oo . Pco , with the angles <xP*. ooP — 
124® 17'; Poo : ooi^oo = 132® 38'; Poo ; Poo (at the principal axis) = 60® 16'. 
Ratio of axes ai bi c = 0‘6315 : 1 : 0'9206- JRufndiuni hifwrnte, Rb*0 . 2B^O*. GH'^O 
or 2RbBO*.B*0*.6lPO, separates in like manner from a hot solution of 2 mol. 
B'-'O* to 1 mol. Rb^CO* at 6®, in small tabular rhombic crystals, exhibiting the 
combination oP . ooP . ooPoo , with the angles exP ; ooP = 82® 23' ; ooP : ooPoo 
= 131® 4'. It is permanent in the air, has an alkaline taste, and is more soluble in 
hot than in cold water (Reissig, Ann. Ch. Pharm. cxxvii. 33). 

Neutral sodium hurate^ NaBO*,4H^O, crystallises, according to Hahn {^Arch. Pharm, 
[2] xeix- 146), in monoclinic combinations, -P . ooP . oP . oopco . ( ooPoo ), with the 
angles ooP ; ooP (clinod.) = 87°; ooPoo : oP = 106® 41'; oP : -P = 138® 57'. 
Twins often occur combined by the face ooPoo ; cleavage imperfect parallel 
to ooPoo . 

According to A. Voged {Jahresh. 1867, p. 191), crystallised borax, Na*0 . 2B*0* . 10H*O, 
is soluble in 14*7 pts. of glycerin. 

Capper liorates. — On adding borax to a solution of cupric sulphate, a basic 
sulphate 7CuO.‘2SO^ + 8H‘^0 is precipitated in the first instance, and with excess of 
borax, a cupric borate 6Cu0.2B^O* + 12H'*0. A solution of equivalent quantities 
of cupric acetate and borax in ammonia mixed with about half its volume of absolute 
alcohol, gradually deposits dark blue microscopic rhombic tables of the s^ilt 
CuO . 213'^0*. 4N11* + 6H='0. The same salt is obtained by dissolving 1 mol. cupric 
acetate in ammonia, adding 2 mol, boric oxide, warming the liquid till the precipitate 
dissolves, and leaving it to cool. It smells strongly of ammouia, effloresces iu 
contsict with the air, dissolves in dilute acids, and is resolved by boiling with water 
into ammonia and cupric borate (E. Pasternack, Ann. Ch. Pharm. cli. 116). 

Ma^esium Borate. — A mixture of anhydrous magnesium chloride and a large 
quantity of sodium chloride, with addition of boric oxide and magnesia, subjected in 
a platinum crucible to the strongest heat of an air-furnace, and then left to cool as 
slowly as possible, yields a mass which, when exhausted Mrith water, leaves a 
crystalline powder appearing under the microscope as a mixture of monometric and 
prismatic crystals. On leaving this mass for several days in contact with cold 
concentrated hydrochloric acid, the prismatic crystals (probably . consisting of a 
mixture of MgO.B^O* and 2MgO . B*0*) dlss^dve, leaving regular crystals of the 

compound MgCl*. 2(3MgO . 4B^O*), which exhibit the forms and and the 

pyroelectric properties of native boracite (Heintz a. Richter, Pogg. Ann. cx, 613). 

Zinc Borates , — Borax reacts with zinc sulphate in the same manner os with copper 
eulphato, throwing down first a basic sulphate, afterwards a borate containing 38'd8 
p. c. ZnO and 36-66 water. On dissolving 4 pts. of this zinc borate and 5 pts. boric 
oxide in ammonia, and covering the solution with a layer of alcohol, the salt 
ZnO . 2B‘''0* . 4NH* 6H*'*0 is deposited in efflorescent rhombic prisms, soluble in 
ammonia and in dilute acids. The same salt is produced by dissolving zinc acetate 
obtained from 20 grms. of basic zinc carbonate, and 38 grms. l>oric oxide in ammonia 
at a gentle heat, and mixing the cooled liquid with alcohol (E. Bascher, Ann. Ch. 
Pharm. cli. 286). 

Sorlo WOinm (SchiflT a. Bochi, BuU. Soc. Chim. [2] v. 372 ; vi. 36. SchlfF, 
Giomale di Science naturati rd economiche di Palermo, v. 9). — The tri-alcoholio 
lx}rate8 were first prepared in 1846 by Ebelmen and Bouquet, wno obtained them by 
the action of boron trichloride on the respective alcohols (i. 649). H. Koee) in 1856» 



BOBIC ETHERS. 


gaT« an auier modfl of preparing them by the dry distillation of a mixtnia of 
potassium ethylsolphate and anhydrous borax ; and this method was perfected by 
Frankland, in connection with his researches on the action of sine-ethyl and sine- 
methyl on triethylic borate (ii. 626J. AVith regard to Uie preparation of the 
non-saturated boric ethers, Ebolmon, m 185/i, published a research relating to jiio 
action of boric oxide or anhydride upon the alcohols, and ho there describes a 
nuinl)er of vitreous boric ethers, which he derives from a hydrate, 
corresponding to borax. Tliese howoror npf»ear, fiom the experiments of Schiif, to 
have been nothing but mixtures, the suppos^ diothylic totmbomto, B*(C*IP)*0% for 
example, being a mixture of monet hylic l^rate, B(C’11*)0’‘, and monetliylic tribomto, 
13*(C'iP)0». 

When equal weights of pulverised boric oxide and absolute alcohol are mixed 
together, the temperature of the mixture rises considembJy, and after eight or Um 
hours the alcohol is ct*mpletely absorbotl by the boric oxide, which j)iirtly becoinos 
hydnited and converteil into a white spongy mass. If the mixture, contained in a 
flask furnished with a long tube, bo now raised to ebullition, a large part (d tlie boric 
acid dissolves, and on then adding a little alcohol the whole may bo easily made to 
enter into solution. As the liquid cools, a white mammellated crysbillino mass 
separates, consisting of boric trihydmte, The etdourkss or slightly yellow 

lujuid, separated from the crystals and distilled, loaves n small vitro«)US residue, 
cijnsisting of a boric ether (or rather a mixture of two such ethers), while the distillato 
contnin.s a much larger quantity of a boric ether, which was supposed by Kbclmon to 
bo the vitreous ether just mentioned mechanically carried fonvard by the alcohol. 
According to Schiif, however, it consists of triethylic borate or othylic 
orthoborate, a considerable quantity of which passes over between 110° and 130°. 
From these results it appears that the reaction between absolute alcohol and boric 
oj^ido is tliat which is represented by the equation : 

B*0» + SC’H^HO - BH»0» + B(C»IP)»0». 

This, according to SchifF, is the easiest and most economicjd molliod of preparing 
triethylic borate. 

The best way of separating the l>oric ether from the nlcf)hol which distils over 
with it, is to mix the distillate with strong sulphuric acid, whereby two strata of 
liquid are formed, the upper consisting mainly of triethylic borate, which may be 
further purified by rectification. 

'Vricthylic Borate is a limpid, very mobile liquid, which burns without a wick, 
with a green flame, exhaling vapours of Iwric acid. It boils at 120° under u pressure 
of 760 mm. (with the thermometer in the vapour, and pieces of platinum in tiio liquid). 
Sp. gr. 0-861 at 26*6®, and 0*887 at 0°: hence one volume of the liquid at 0° gives 
1 033 vol, at 26*6°, an expansion nearly equal to that of ethylic acetate, propionate, 
and nitrate. It tastes like boric acid and alcohol together, and smells like the 
latter, the effect on the organs of taste and smell being evidently due to 
decomposition of the ether. The bitter taste and pungent aromatic smell attributed 
to this ether by Ebelmen and Bouquet and by Bowman were probably due to somo 
chlorinated products of the ethylic group, arising from the chloride of boron used by 
them in the preparation. The ether is easily decomposwl by atmospheric moisture, 
and a small quantity suffers decomposition at each distillation, probably in conse- 
quence of the presence of moisture in the vessel, the latter portions often exhibiting 
a higher boiling point, and ultimately leaving a resinous residue. 

Triethylic borate heated to 160°-180° in a sealed tube with boric hydrate, BH*0% 
is decomposed, partly according to the equation : 

B(C?H*)*0» + 2BH*0» - 3BHO* + 8C»H*0 

IVlethyUo Trihrdrio Hosohy- Alcohol ; 
borete bonte dric borate 

partly in the following manner : 

B(C*H»)»0* + BH»0* B(C«H»)0* + BHO* + 2C*H»0 

• ivietbylio Trfliydrle Monetbylio Xonohy- AIoohoL 

borate. borate. bonte. drlo bonte. 

These decompositions take ]^lace also in the above-described preparation of triethylic 
borate when the temperature is allowed to rise above 130®. 

Strong sulphuric acid easily diseolres triethylic borate, and if the mixture be 
heated, miter and ethylene gas are given off; and if water be then added before Uie 
temperature rises higW, suphurons oxide is giren ofl^ monohydrie bonte sepamtMf 
and ethyl-solphoric acid is found in the liquid : ' 

B(0^»>K)* + SH»0« - S(C»H*)HO« + 2C»H< + BHQ» + H*a. 
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If water be added, drop by drop, to the solution of boric ether in snlphime acid 
heated to 140°-'160®, trinydric borate is likewise deposited, but at the same time 
• vapour of ethylic oxide separates, and the liquid contains ethyl-sulphuric acid : 

B(C’H‘)»0» + SH*0‘ + H*0 = S(C»H‘)HO* + BH'0» + (C*H‘)*0. 

If an acid be added instead of water, the corresponding compound ether is formed, 
instead of ethylic oxide; thus, with benzoic acid at 120° : 

B(C*H‘)>0* + SH*0« + « S(C*H»)HO< + BH*0« + 2C'H*(C*H»)0*. 

A similar reaction takes place with other acids, as for example with acetic, butyric, 
and valerianic acids. In other cases triethylic borate etherides directly; thus it 
dissolves, with rise of temperature, in nitric acid, and after a while ethylic nitrate is 
given off, while the liquid becomes filled with crystals of boric acid : 

B(C*H»)*0» + 3NHO» =» BH»0» + 3N(C*H*)0». 

' Acetic acid decomposes triethylic borate in a similar manner ; so likewise do benzoic 
and succinic acids when heated with it in sealed tubes to 180°-200®. This mode of 
preparing compound ethers by means of triethylic borate may, in many cases, bo 
preferable to the somewhat expensive process of decomposing the silver salts of the 
corresponding acids with ethylic iodide. Oxalic acid acts at 151® ; hydrochloric and 
sulphurous acids maybe heated with triethylic borate to 120°-1 40°, without producing 
any reaction. 

Chlorine, bromine, and iodine act upon triethylic borate, taking the place of part 
of the hydrogen. The vapour of the ether, mixed with chlorine, takes fire and 
burns, leaving a carbonaceous residue. The liquid ether rapidly absorbs chlorine, 
forming a yellow jelly containing more than two atoms of chlorine, but not enough 
to form the compound B(C*H*C1)*0*. 

Phosphoric pentachlorido at ordinary temperatures acts upon triethylic borate 4n 
such a manner as to form phosphoric oxychloride, ethyl chloride, and monethylic 
borate : 

+ 2PCP « 2POCP + 4C^H»Cl + 2B(C*H»)0». 

At higher temperatures, boric oxide and ethyl oxide are formed instead of mon- 
ethylic borate : 

2B(C»H»)'’0* + PCP « POCl» + 2C*H"C1 + B^O» + 2(C«H*)*0. 

Heated with antimonic chloride, triethylic borate yields nntimonic oxychloride, 
ethyl chloride, ethyl oxide, and monethylic borate : 

2B(C«H^)’0* + SbCl* •= SbOCP + 2C*H»Cl + (C*H»)*0 + 2B(C*H*)0« 

Monethylic Borate or Ethylic Metahorate. B(C^H*)0*. — If the crude 
product of the action of alcohol on boric oxide bo fractionally distilled till the 
vai>our8 exhibit a temperature of 140°-150°, and a sufficient time bo allowed to 
elapse between the collection of the separate fractions to lot the boric acid crystallise 
out, a syrupy, more or loss yellow liquid will be obtained on cooling, which after a 
time deposits a small quantity of boric acid. This liquid is monethylic borate, 
slightly contaminated with triethylic borate and boric acii It app^rs to be formcyl 
by the action of boric acid (see above), or of boric oxide, on triethylic^borate ; 

B(C*H»)*0* + B*0* - 8B(C*H»)0«. 

Monethylic borate is a dense inodorous liquid, having at 120° the consistence of 
fhming sulphuric acid. It attracts moisture from the air, and is decomposed into 
alcohol and boric acid. When directly decomposed by water, it evolves great heat ; 
hence also it feels very hot when pla^ upon the tongne. It cannot be distilled 
without alteration. Introduced into a flame on the end of a wire, it bums with a 
green light, leaving boric acid mixed with charcoal. With alcohol, it forms triethylic 
borate and boric acid : 

3B{C«H*)0* + 3C»H»OH « 2B{C»H»)»0» + BHK)». 

' Heated with potassium ethylate, it yields potassium borate and triethylic borate : 

2B(C*H')0* + C*H»KO - BKO* -f B(C»H»)H)». 

It is decomposed by acids, but much less easily than triethylic borate, the reaction 
zequiriog a temperature of 180°-200®. With acetic acid the action is : 

B(C*H»)0* + C*HK)» « BHO* + C*H*(C*H»)0*. 

Monethylic triborate^ B*((?H*)0^ is produced, together irith the triethjUo 
ether, by the decomposition of monethylic monoboiate at high tempeimtnree : 

4B(C»H»)0* « B(C*H*)*0» + 
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When monethylic TOonoborat« is heated to 270^-280®, triethylic borate Is given off, 
and the residue cools to a solid mass, which is to be broken up and digested with 
anhydrous ether ; the solution filtered and evaporated leaves the othylic triborate in 
the form of a mass resembling gum-ambic. When exposed to the air, it attracts 
moisture and becomes covered with a crust of boric acid. In water it decomposes 
rapidly, with evolution of heat. In a giis^fiame it burns with a green light, leaving 
boric oxide mixed with carbon. It is not sensibly altered by heating to 300°. 
Absolute alcohol reacts with it in the same manner as with moncthylic borate, but 
less energetically, the action requiring a high temperature to complete it: 

3B*(C*H»)0* + 12C*H*OH « 6B(C=U»)*0* + 4BII>0*. 

Mkthylic Borates, — The trimetht/lic ether, B(CH*)*0», is prepared, like the 
cerre«pt>nding ethyl -com pound, by hwiting boric oxide with methylic al(x>hol to 100-', 
then distilling and treating the distillate with strong sulphuric acid, whereby two 
strata of liquid are formed, the upper containiug the triiuothylic borate. vSohiff, 
however, did not obtain it pure. Tlie specific gravity of his product was 0'916 at 20®, 
and 0*940 at 0®. Ebelmcn and Bouquet found the density to be 0’905 at 0® for an 
ether boiling at 72®. The reactions of this ether are analogous to those of triothylic 
borate. It burns with a flam© green thro^hout, whereas that of triethylic borate is 
colourless in the middle, the ditference arising mainly fr<»m the larger propirtion of 
boron in the meth^’lic ctlior. For this reason, as originally pointed out by Ebelmon, 
it is bettor, in testing for boron by the colour of its flame, to use methylic instead of 
ethvlic alcohol. 

Mononicthylic borate, B(CH’)0*, is prepared from the preceding compound in the 
same manner as the moiiethylic from the triethylic other. It is much less mobile than 
the moncthylic borate, but resembles the latter in all its chemical reactions. It 
begins U) decompjse at 160®, giving off tri methylic borate ; and at 2o0® there remains 
a mass which, when purified, after cooling, with anhydrous ethyl oxide, exhibits the 
curnpisition of meih^ic triboratc, B*(CU*)0*, or B(Cll*)OMFO*. This other c^olours 
flame green, forms trimethylic borate when heated with methylic alcohol, and is 
decomposed by water into monomethylic liorato and boric acid. 

The ether B<(CH*)*0^, described by Ebelmon, appears to have boon a mixture of 
monomethylic borate and tribonitc. 

A M Y L i c Borate s. — T he triamylic and monamylio ethers wore prepared similarly 
to t he coiTcsponding ethyl-compoun<ls. Tho former may also be pnxlucetl by docom- 
pising triethylic borate with amylic alcohol at 160®-180® ; but other others are formed 
at tho same time, and the purification of tho triamylic other is difficult. This ether 
boils, according to Schiff, at 264® with tho barometer at 7G0 mm. Eboimen and 
Bouquet give 270®-275®, but they state that their determination was made with only 
a small quantity of impure substance. Tho reactions of this ether resemble those of 
the corresponding ethyl-compound, but it burns only with the aid of a wick, and tho 
flame exhibits a green colour only at the base near the wick. 

The monamylic ether B(C*H*‘)0*, obtained by heating the crude product of the 
action of boric oxide on amylic alcohol to 290®, has a density of 0*949 at 20®, and 
0 971 RtO® It is much more fluid than the corresponding ethyl and methyl com- 
p)und8, and burns like the triamylic ether. It sustains a temperature of 300® without 
sensible alteration, but almve that temperature it decomposes, a mixture of mono- 
and tri-amylic borate distilling over, ana a vitreous mass being ultimately left, con- 
sisting of amjAic trihorate, B*(C*H'*)0*, mixed with boric oxide, charcoal, and other 
impurities. Monamylic borate may also be pre^red by tho action of boric oxide on 
triamylic borate ; and, on the other hand, the action of amylic alcohol on monamylio 
borate yields the triamylic compound : 

3B(C»H‘*)0* + 3C»H»*0 2B(0»H“)K>* -i- 

Mixed Boric Ethers. — These ethers may be prepared by treating a mono- 
alcoholte borate with an alcohol different from that whose radicle is contained 
m the ether. Thus with monethyhe borate and amylic alcohol are obtained 
following ; 

3BEtO* + SAmHO - BEtAm*0» + BEt»AmO* + 

At the nme time, however, another reaction takes |dace, pfodueiiig the simple 
tnalooholic borates, though in quantity smaller than that of mixed etibeni t 

SBEtO* + SAmHO « BEt*0» + BAm»0* + BBW. 

The several products are s^arated hy tmsiiomX distillattoii. 

borate, B(C»H»)(0»H»«)K>». boils at has g 4iiisity ol 
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oicA OOO n ft7« at 0° It burns, like triamylic borate, only with a wick, but 
tft?, a mo» reply cI?ofr.d flame AmyMiethyli boraU, B(C?H»)(C«H‘)>q* boil. 
It^birmo-T76<>. and has a density of 0'858 at 26° ; burns without a yr,^ bnt 
triethvlic borate. These two mixed ethers act chemically like the 
other trialcoholic borates. An excess of amylic alcoh^ol acts upon them at 160 -ISO®, 
witrehmiiiation of ethyl ic alcohol, and formation of triamylic bomte : ^is e^tplains 
the orosence of a rather largo proportion of triamylic borate in the product of the 
r^ctfon of amylic alcohol on monethylic borate. The following equation embraces 
all the products which this reaction has yielded : 

7BEtO* + TAmHO - EtHO + BEt*0> + BAmEt^O* + BAm^EtO* + BAm»0« 

^ + BAm*0 + 2BH»0>. 

Altocether the reaction of alcohols on the mono-alcoholic borates is very complicated ; 
and for the further consideration of the products we must refer to the paper cited 
at the head of this article. 

Cktylic Boratb. B(C‘«H**)0*.— The action of boric oxide on cetylic alcwdiol 
differs from that which it exerts on the lower alcohols of the series, in this respect, 
that the water eliminated by the reaction, instead of uniting with the bone oxide to 
form boric acid, is sot free in the liquid stato, the difference apparently depending 
upon the higher temperature at which the action hikes place. The bone oxnle in 
excess is introduced in small lumps, together with the cetylic alcohol, into a short- 
nocked retort, and heate<l as long as water separates. The fused mass is tlien ilecantcul, 
digested when cold with anhydrous ether, and tho<locanted s<dution is cvjijmratcd. In 
this manner, monocetylw l>orate, B(C‘-IP=‘)0’-'. is obtained, as a white or yellowish mass 
resembling cetylic alcohol, but somewhat less crystalline ; it molts at o8 . Iho luse<l 
Bubstaiico is permanent in dry air ; slowly <locom posed by moist air and by cold watm*, 
quickly by hot water. It is scarcely inflammable, oven with the aid of a wick ; dissolves 
but slightly in benzol. The mcsle of its formation may be thus expressed : 

B*0* + 2C‘«H»^0 =. 2B(C‘«H=‘>)0® + H^O. 

The other cetylic borates have not been obtained. 

Glyckuic Bob at k. B'"(CTPrO».— Coarsely pounded boric oxide dissolves, 
with elimination of aqueous vapour, m anhydnms glycerin heated to 200 ; and if the 
mixture be keiit hot as long as aqueous vapour continues to escape, two molecules of 
glycerin will dissolve one molecule of boric acid, forming glyceric borate, according to 

the equation . 2(C*H*)H*0* + B‘0* = 2B(C’’H‘)0» + 3IPO. 

The fused mass separated by decantation from the unaltered boric oxide forms, on 
cooling, a pale yellow, horny, transparent substance, very hygroscopic, insoluble m 
ether, benzol, and chloroform. It dissolves in absolute alcohol without alteration, a 
property which shows it to be a saturated compound, inasmuch as all the unsaturaU^l 
boric ethers are decomposed by alcohol. The a!c«>holic solution, evapori^d at 60 -60 , 
leaves the glyceric borate unaltereil ; but if the compound be heated to ^** 1 ,*^ 

Boalcfl tube with absolute alcohol, it is decomposed in the manner shown by the 

equation . B(C*H*)0* -I- 3C*H''0 - B(C*H»)’0» -I- C*H*0. 


Glyceric borate dissolves without alteration in a small quantity of cold water ; but on 
heating it, the dense, somewhat acid solution suddenly coagulates to a dense mass, and 
acquires a sweet taste, being in fact resolved into boric hydrate and glycerin. It has 
no fixed melting point, but behaves like a vitreous substance, gradually softening at 
about 170°. Ammonia gas does not act upon it, unless moisture is presen^ in which 
case a gelatinous moss is formed, containing ammonia borate. Strong sulphuric acid 
blackens glyceric borate even at 100°. 

From me observations of Schutzenberger {Convpt, rend. liii. 638), it appears 
boric oxide and acetic oxide unite directly in the proportion of B^O* to C*H*0*, forming 
a vitreous substance, which is decomposed by water into boric and acetic acids, and 
therefore consists of acetic borate, B(C»H*0)0*. 

Phbkylic Bohatks. — Boric oxide acts upon phenol at high temperatu^ in the , 
same manner as on cetylic alcohol and glycerin, giving rise to direc^limination of 
water producing however not merely one, but several boric ethers. When two parts 
of boric oxide are heated with three parts of phenol, and the mixture is cooled after 
reacting for half an hour, a s™py liquid is obtained, from which ether extracts 
monophenylic borate, B(OH*)0* : 

B*0* + C»H«0 B(C^»)0* -h BH0». 
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As thus prepared, howerer, it is veiy impure. A purer product is obtained by heating 
phenylic triborate to 150® with ethylic alcohol, whereby monophenylic borate is pro- 
duced, together with triethylic borate and boric acid : 

B*(C*H*)0» + 3C«H*0 « B(C‘n*)0* + B(C»H*)‘0* + BH»0*. 

The product is freed from triethvlic borate by distillation, ultimately at 180°, and the 
monophenylic borate is extracted from the residue by solution in ether and evapora- 
tion. Thus obtained, it is a yellow substance having a faint odour and tlie consistence 
of turpentine. 

Phenylic triboratt, B*( 011^)0*, is formed when phenol is boiled for several hours 
with boric oxide in a flask fitted with a condensing tube ; an additional quantity of 
boric oxide then dissolves, and lastly also the boric hydrate formed at the commence- 
ment of the action, together with the monophenylic ether, in the manner shown by 
tile last equation but one. The phen 3 dic tri borate is produced by the reaction of 
tliis boric h^'drate and the oxide on the phenylic monoliorate, thus : 

• 2B(C«H‘)02 + 2BU0* + B“0» = 2B*(OH‘)0* + H^O. 

Phenylic triliorate, when freed from excess of boric acid by means of anlijalrous ether, 
f(jrms an orange-coloured vitreous mass, having a faint odour and internally the aspect 
of amber. It is slowly decomposed by moist air and cold water, quickly by hot water 
and dilute aqueous alkalis. Alcoholic pitash scarcely attacks it, probably because 
potassium borate is insoluble in alcohol. It is almost insoluble in benzol, chloroform, 
and carbon bisulphide ; begins to soften at alxmt 80°, but docs not exhibit any 
definite melting point. The alcoholic solution is not coloured violet by ferric chloride. 
The tribomte dissolves in hot strong sulphuric acid ; and on adding wjitor, boric acid 
is deposited, and a solution of phenylsulpuuric acid is obtained : 

B*(C«H^)0‘ + SIVO* + 4H*0 - S(C«U»)H0* + 3BH*0». 

With hot nitric acid, it yields boric and picric aoids : 

BXOH*)0‘ + 3NHO* + 2H*0 « OH*(N0*)«0 + 3Bn»0». 

Tdrayhcnylic dihoraie, B*(C^II*)^0*, is produced, together with phenylic triborate, 
when monophenylic monoborate is healed to tempenitures above 360° ; 

6B(C«H»)0» = B»(C*IP)0» + B-^(C«I1*)<0\ 

To complete the reaction, the temperature must be raisc<l con8i<lor.il)ly above the 
boiling point of mercury. The yellow oil which passes over on distillation is rectified, 
and that which distils above 300° is collwtc>.d apart. The totraphenylic ether is also 
formed, together with ethylic phenate and common alcohol, by heating triethylic borate 
to 160°-180° in a sealed tube with phenol; 

2 B(c*H*)*o» + 6C«n«o = w{cm’^yo^ + cnp(C'^ii‘)o + 6C*ii*o. 

Totraphenylic diborate is a greenish-j'ellow oil, having a faint o<Iour of phenol, a 
density of 11 00 at 20°, and 1 124 at 0°, at which latter temperature it has the 
consistence of castor oil. Its boiling point is above that of mercury. At each distil- 
lation it undergoes partial decomposition, leaving a residue of phenylic tribonito. It 
is quickly decomposed by water. With strong sulj>huric acid it forms a red-brown 
solution, which, when heated and poured into water, forms a deptjsit of boric acid and 
a solution of phenylsulphuric acid ; 

+ 4sn*o* + ivo * 4S(c*h*)HO< + 2BH*o». 

There are no mixed boric ethers containing phenyl. 

BobicAnilidb. BK>* . C*H*N. — Aniline does not unite directly with boric oxide 
or boric hydrate, neither does it decompose the trialcoholic boric ethers when heated 
therewith ; but when it is mixed with monethyl ic or monomethylic borate, the liquid 
l>ecome8 hot, and is transformed into a resinous mass which becomes pulverulent umen 
with anhydrous ether. This mass contains the elements of boric oxide and 
aniline, and may be regarded as hydrated diboric anilide, or as boranilie acid, according 
to the formulae : 

C*HM C*H» N (B*0*.OHy) 

BoIn.HK) (B*0»^ro . Hj ' 

Its formation is represented by the equation : 

3B(C»H*)0» + OH'N - + B(C*H»)*0* 

"Bount anilide is a wlute, inodorous siibetanoe, as light as magnesia, anduimlteAtbiiilQ - 
dry air, if it hat been thorotighty washed with ether. Water deoompoeca it Imm^atety ^ 
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into aniline and boric acid. Alcohol dissolves it readily, and leaves it on evaporation 
in the form of a gummy mass ; but when heated in a sealed tube with alcohol to 120’’ 
it is resolved into aniline, triethylic borate, and boric acid : 

+ SC^H^O = B(C*H*)’0» + BH*0* + C«H»N. 

It dissolves in strong sulphuric acid, forming a rcfd-brown liquid, which blackens at a 
slightly elevated temperature without evolution of gas. The alcoholic solution of the 
amlide mixed with oxalic acid, also in alcoholic solution, yields a precipitate of aniline 
oxalate unmixed with boric acid ; with platinic chloride also a precipitate of pure 
aniline plati nochloride is obtained. With aldehydes it reacts like free aniline, forming 
diamides ; thus with cenanthol : 

(C'H**)*) 

2(B*0*.C*H»N) + 2C'H*«0 - C«HnN* + 4BHO*. 

C«H*j 

Heated to 110®, it gives off water, and leaves a gummy amorphous body, which, when 
pure, probably consists of N(BO)*(C*H*). 

The action of monethylic borate on ammonia dissolved in anhydrous other is not 
analogous to its reaction with aniline, the product containing at least 2 mol. B^O* to 
1 mol. NH*. The white flooculent substance when heated gives off ammonia and water, 
and if the residue be exhausted with boiling water, a white powder is left, consisting 
of boron nitride : 

B*0» + 2NH» = 2BN + 3H^O. 

Boric oxide heated in a current of dry ammonia gas is also partially converted 
into boron nitride ; but the quantity of this substance formed in either case is but 
small. 

aO&OWATROOiLZiOZTa. This name, as well as Hydrohorocalciie^ Hayesin^ and 
T^iea, is applied to a mineral compos^ of the borates of calcium and sodium, found 
chiefly in the province of Tarapacjv ifl^Peru, and now extensively used for tlie manu- 
facture of boric acid and the alkaline borates. It occurs in nodular masses of fibrous 
structure, often mixed with glauberite and common salt. The numerous analyses of 
the mineral — even when it is freed as far as possible from these admixtures — exhibit 
great diversities of composition, so that several formulae have been assigned to it. 
Kammelsborg {Mineralchemie, p. 252) regards it as (Na*0 . 2B-0*) + 2(CaO .B*0*) 
+ 18aq., or (Na''*0 . 2B^O*. lOaq.) + 2(CaO . 2B*0* .4aq.), i.e. as 1 mol. of borax com- 
bined with 2 mol. of the borocalcite. Phipson {Chem. JSewa^ iv, 182) gives the formula 
(Na'''0.2B’'‘0“, 10nq.)+ 2(CaO.B^O*.2aq.) + 2aq. Kraut {Arch. P^rm. [2] cxii. 25) 
gives (Na*0 . 2B''*0“) + (2 CmO .3B^O*) 4- 15aq. ; and Lunge {Ann. CA. PAarw. cxxxviii, 
56), from his analysis of a specimen from Oliilo, deduces the formula 

2(Na=0 . 2B«0>) + 5 | . 2B'‘0>) + 1 2aq. 

For analyses, see Jahreshericht f. Chem. 1849, p. 799; 1853, p. 852; 1864, p. 867; 
1866, p. 884; 1857, p. 697 ; 1858, p, 737; 1859, p. 816; 1861, p. 1028; 1862, p. 
769 ; 1866, p. 963 ; also, Richardson and Watts’s Chemical Technology^ pt. iv. pp. 
209-211. 

BOTA&lLAOIKZTa, See Copper Oxtchlorides. 

BOVBBOV&ZTB. This name is given by Lefort (Compt, rend. Ir. 919) to a blue 
ferroso-ferric sulphate found, together with larger quantities of a greenish-yellow aalt 
of similar composition, in the pyritiferous pumice-tufas of Bourboule (Puy-de-l>6me). 
The blue salt is regarded by I^efort as identical with the salt S(FeO-SO*) + 
2(Fe*0* . SO*) artificially prepared by Barreswil. 

BOVmiroirrrB. Cu*PbSbS* or Cu»S.2PbS.Sb*S*.— The primary form of this 
mineral is an orthorhombic prism of 93® 40' ; oP : ■■ 138® 6'. Axes a : 6 : s ■■ 

0*662 : 1 : 0*95618. For details of the crystalline form, see Zirkel, Jdhresb, 1862, p. 
711 ; Hessenberg, ibid. 1866, p. 798. 

BBACmB* The greyish-brown mineral from Arendal in Norway thus named 
by Forbes a. Bahll (i. 667) appears, from an analysis by J. A. Michaelson (J. pr, 
Chem. xc. 108 ; «/ctAfw. 1863, p. 830), to be a niobate of yttrium, and identical with 
tyrite and fei^fosonito. (See Niobium, iv. 56.) 

BBABSZBIO AOXB. C**H«*0*.— An acid standing to erode acid in the some 
relation as elaadic to oleic acid. It is obtained by heating erude add with dilnto 
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nitric acid to 60^~70°t till ^ begins to eeeape» and then cooling the mixture. The 
Bolidifted product recrystHlhsed alcohol yields brassidic acid in whi^ laminn, 
melting at 70^, and solidiMng again in the crystalline form at 54^. Brassidic acid 
is a strong monobasic acia, less soluble in alcohol and ether than erucio acid ; its 
alcoholic solution reddens litmus-paper. The sodium salt C^H^‘NaO^ crystallises 
from alcohol in laminse, which easily become electric by friction, like those of the acid, 
and do not melt till heated aboTe 200^. The ^potassium salt crystallises in scales ; the 
magnesium salt ma^ be cryslallised £rom alcohol. The barium, calciumt lead, and silver 
salts are insoluble in water and In alcohol. 

Brassidic acid, like erucic acid, unites with 1 mol. of bromine, farming brassidic 
acid bromide, C*®H**0*Br*, which separates from alcohol in small colourless ciyrstals 
melting at 64® and solidifying at 38®-40®. It is attacked at 210° by alcoholic potash, 
which abstracts 2HBr, and converts it into benolic acid, C**H^*0*. When left in 
contact for eight or ten days with sodium-amalgam, it gives up all its bromine, repro- 
ducing brassidic acid (Haussknecht, Ann, Ch, Pharm. cxliii. 40). 

mmJkmamULC ACro. This acid, homologous with oxalic acid, is 

produced, together with the corresponding aldehyde and dioxybenolic acid, by tho 
action of fuming nitric acid on benolic acid (p. 267). On subjecting the yellow oil 
wliich separates from the alcoholic mother-liquor of benolic acid to distillation with 
steam, brassylic aldehyde, C“H*®0*, passes over as a pungent oil, and the residue in 
the retort soiidiflos to a network of crystals consisting of benolic, dioxy benolic, and 
brassylic acids. The last-mentioned acid is obtained pure by leaving either the crude 
or the distilled oil under bromine and water for several days, and recrystallising the 
solid acid thereby produced from hot water, Brassylic acid melts at 108‘6° and 
soiidiflos at 106°. It is nearly insoluble in cold water, slightly soluble in boiling 
water, easily in alcohol and ether. It is formed from the aldehyde by simple addition 
of oxygen ; also, perhaps together with other acids of the same series, by tho action 
of red fuming nitric acid on enicic acid. It is bi|||M»ic. The brassylates of tho alkali- 
metals are soluble in water ; the sodium and ammonium salts crystallise in nodules ; 
the calcium salt contains C**H'*'CaO*.3H*0 ; tho silver salt C**li"‘Ag*0* turns violet 
on exposure to light (Haussknecht, loc. ciL). 

SSnAlTSURA. AmrslIXiBCXimCA. The flowers of this plant, mixed with the 
peduncles and fragments of the leaves, constitute the drug called Kusso or Kousso, 
which is us<kI as a remedy for tape- worm, Pavesi (J. Pfmrm. d* Anvers, Oct. 1868 ; 
Jahresb. 1859, p. 685) attributes the anthelmintic action of tho drug to a substance, 
calle*l kussi n or ta on in, which he prepares by repeatedly digesting the kusso, mixetl 
with slaked lime, in alcohol of 60°-70° p. c., boiling the residue with water, uniting 
the filtered extracts, distilling off tho alcohol, and mixing the aejueous residue with a 
slight excess of acetic acid. The kussi n, pxirified by solution in ala>hol and treatment 
with animal charcoal, and precipitated from the conccntratefl alcoholic solution by 
waUr, is a brittle resin having a da»*k yellow colour in powder, a slightly bitter taste, 
like that of kousso itself, soluble' in alkalis, not in acids, melting at 100°, and decom- 
posing at a higher temperature. It amounts to 4 p. c. of the kusso. According to 
C. Bedall (CA^. Centr, 1863, p. 124), kussin melts, with decomposition, at 193®-196°. 
It is not a glucoside. Its formula is C**H*K)*. Its alcoholic solution gives with lead 
acetate a precipitate oontaining C**H*^0* . PbO. 

M l K A i Xir&M fy the colouring matter of Brasil wood, discovered by ChevreuI, has 
bee.-, shown by l^lle^ to be identical with that of sapan wood (v..l91). The state- 
ments respecting this colouring matter given in voL i, p. 666, on the authority of 
Prf-User, ore not to be trusted. 

_ »»OCmAJiTlT*. Native tetracuprie sulphate. CuSO< . 3CuH*0*. See 
SOLFHATBS. 


^ According to J. Slessor (New Edimh. Phil, J. vii. 287), aqueous 
solutions of bromine of different densities contain the following quantities by weight 
of bromine in 1,000 parts of water: 


Density 

1*00901 

1*00981 

1*00996 

1*01223 


Br.perlAOO 

10*72 

10*78 

12*06 

12*3 


Danslty 

1*01491 

1*01686 

1*01807 

1*02367 


At the danntj of 1*02307 bramiiio-water !• fatniated. 


Br.iwrlAOO 
18*70 to 19 06 
19*62 „ 20*09 


2<kW „ 

ai-02 „ 
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Dancer {Chem, Soo. J. xr. 477) haa determined the solubility of bromine in water at 
different temperatures : 

Temp. Br. percent. Temp. Br. percent. 

60 ... . 3*600 20° ... . 8*208 

10 ° ... . 3*327 25° .... 3*167 

15° ... . 3*226 30° ... . 3*126 

When a current of electricity isipassed through bromine-water or aqueous hydro- 
bromic iicid, bromic acid is formed at the positive pole. 

Bromine-vap<mr bleaches moist litmus-paper, but not permanently, the paper on 
exposure to the air turning red in consequence of the formation of hydrobromic acid : 
the original colour is restored by ammonia (Reinsch, N. Jahresb. Pharm. xi. 269). 

Bromine in presence of water, and under the influence of direct sunshine, oxidises 
many neutral organic compounds and converts them into acids : such is the case with 
benzene, toluene, mannite, sugar, glycerin, &c. (Blomstrand, Ann. Ch. Pharm. cxxiii. 
248). 

JDctuctim and Esthnation of Bromine. — Fresenius {Zeitschr. anal. Chem. i. 46) 
recommends the use of chloroform or carbon bisulphide instead of ether in testing for 
bromine by means of chlorine. In a liquid containing only 575,^ part of bromine, 
ether does not become coloured after addition of chlorine ; but chloroform or cjirbon 
bisulphide under the same circumstances exhibits a pale yellow colour. A solution 
containing only 53,^ of bromine colours carbon bisulphide, but not chloroform. If 
an iodide is also present, the violet coloration due to the io<lino is first observed, and 
when this has boon made to disappear by further addition of chlorine, the yellow tint 
of the bromine becomes apparent. Phipsnn {ibid. vii. 97) acidulates the dilute 
solution with hydrochloric acid, mixes it in a tube two feet long with a small 
q^uantity of carbon bisulphide, and agitates it with a strong solution of chloride of 
lime. 

Reimanji {Arm. Ch. Pharm. cxv. 140) estimates bromine, in presence of iodine and 
chlorine, by means of a graduated solution of chlorine. Thus, to analyse a mixture of 
bromide and iodide of potjissium, a quantity of chloroform is first added, such that, 
after agitation, a drop about the size of a nut may remain undissolved, and the 
graduated chlorine- water is added by small portions. The chleroform then acx^uires 
a blue or rose colour, which disappears completely as soon as 6 atoms of chlorine 
have been added to 1 mol. of the icslide, the ultimate products of the reaction being 
potassium iodato and hydrrichloric acid : 

Cl* + KI + 3H*0 = KIO* + 6IIC1. 

On continuing the addition of the chlorine-water, the chloroform becomes first yellow, 
then orange-coloured, then again yellow, and finally, when 2 at. chlorine have been 
abided to 1 at. bromine, yellowish-white : 

KBr Cl* = KCl + BrCl. 

If organic substances are present, the liquid must be previously mixed with caustic 
soda, evaporated to dryness, and the residue ignited in a silver dish. 

The following method, founded, like that of Field (\. 678), on the differences 
between the atomic weights of chlorine, bromine, and iodine, is given' by R. Tatlock 
{Chem. News. 1869, p. 290). The solution containing the ic^ine, bromine, and 
chlorine, preferably in combination with an alkali-metal, is divided, into three equal 
portions, one of which is treated with excess of silver nitrate to precipitate the whole 
of the iotlino, bromine, and chlorine. The second is treated with excess of bromine- 
water to decompose the iodide, and then precipitated with silver nitrate, which throws, 
down bromide and chloride of silver. The third portion is treated wiBi excess of 
chlorine to decompose the iodide and bromide, and yields a precipitate consisting 
wholly of silver chloride. These Uiree precipitates having been weighed, the quan- 
tities of iodine, bromine, and chlorine may bo calculated by tlie method given in vol. i. 
p. 679. 

To apply this method to the analysis of kelp, the kelp is digested in hot water ; 
the filtrate and washings are neutralised with ^drochlonc acid ; chlorine is passed 
into the solution ; and the liquid is shaken up with about one-fourth its volume of 
carbon bisulphide to dissolve the liberated iodine and bromine. > The heavy, coloured 
solution of these elements is then drawn off by a fine i^phon. and-shaken up with water 
and unc-filings, whereby a solution of zinc bromide and iodide 'is obtained, in which 
the Mine and bromine may .be estimated as above. < < 

Fir the estimation of bromine in organic compounds, see AiriXTSis, Orqamic 

^(p.148). • 
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Bromides* Hydrogen Bromide or Hydrobromie Acid is produced dbrecUj by 
subjecting a muEture of dry bromine-vapotur and hydrogen gas to the prolonged action 
of the induction-^rk (A. Riche, Conipt, rmd. alvi. 348). 

KekuU {Ann. Ch. Pharm. cxxx. 14) prepares pure aqueous hydrobromie acid by 
passing the gas evolved by allowing a slow stream of water U) flow upon phosphorous 
tri bromide, into water or dilute hydrobromie acid, till a saturatetl solution is formed ; 
heating this solution (which still contains a considerable quantity of phosphorous 
bromide) ; and piussing the gas thereby evolved either into pure water or into pure 
dilute hydrobromie acid. 

Metallic Bromides . — According to Henner a. Hohenhauser {Jahresh, 1864, p. 148), 
the process recommended by Klein for the prepiration of metallic brtimlues (see 
Potassium Bromidb, iv, 696) is not adapted for prcnluction on the large scale. These 
chemists dissolve bromine in a slight excess of barium or calcium hydrate ; evaporate the 
clear liquid to the crystallising point ; precipitate the bromates (to bo reduced to 
Ijroniides by ignition with charcoal) with alcohol of 90 p. c., tlion distil off the alcohol, 
and evaporate the remaining liquid to the crystallising point. 

Potassium bromide is most easily prepared from the barium salt by precipitation 
With potassium sulpliate. 

Cliloride of Bromine. When a light yellow mixture of equal volumes of satu 
rated chlorine-water and of bromine-water containing 1 p. c. bromine, is treated with 
oxidisable substances, it first assumes a brown-rod colour, and then, on further addition 
of the oxidisable substance, becomes perfectly colourless. This reaction is produced 
Viy finely dirided sulphur or phosphorus, zinc or iron filings, fen*ou8 or stannous salts, 
nitrogen dioxide and tetroxiae, sulphurous, liypophosphorous, phosphorous, arsenious, 
oxalic, and formic acids, hydrogen dioxide, and ammonia. Thu chlorine, under those 
circumstances, is converted into hydrt.K:hloric acid, and if the quiintil.y of the reducing 
agent is sufficient, the bromine is likewise converted into hydrobromie acid. Oxiil ic acid 
alone exhibits an exception to this general rule, being oxidised by chlorine, but not by 
bromine, and therefore colouring the liquid brown, even when in cxinsiuerablo excess. 
Hydrogen dioxide is resolved into oxygon and hy<lrogon, which latUir unites with the 
chlorine and bromine. Ether shaken up with the yellow solution lakes up the bromine 
chloride, forming a solution which exhibits the relictions above described. These 
reactions show that bromine may bo detected in presence of free chlorine by tijo 
cautious addition of reducing agents (Schdnboin, Ann. Ch. Pharm, 8uypl. ii. 211). 


Oxygen-acids of Bromine. 

Bromic Acid. HBrO*. —According to Kamraerer {J. pr. Chem. Ixxxv. 462), this 
acid, prepared by the usual method of decomposing a metallic bromato with an acid, 
is not pure, because the decomposition of bromates by the stronger acids is never 
complete. It nuiy, however, be obtained absolutely pure by the direct action of 
chlorine on aqueous bromine, or by decomposing silver bromato with bromine : 

5AgBrO* + 3Br* + 3H*0 - 6AgBr 6HBrO». 

Kammcrer obtained a hydrated bromic acid containing HBrO* . 7H^O, and is of 
opinion that another hydrate, 2HBrO*.9H*0, exists at very low temperatures. 

The bromates of the alkali-metcds are advantageously prepared by passing bromine 
into solutions of alkaline carbonates, previously saturated with chlorine till they 
Issgin to effervesce ; the ultimate products of the reaction are chlorine gas, which 
escapes, and nearly pure bromate of the alkali-metal. From either of these salts the 
bromate of silver may be obtained by double decomposition. 

Bidymium bromate^ Di(BiO*)’.6HH), crystallises in rose-red hexagonal prisms 
»P : p, permanent in the air, seldom distinctly developed at the ends. Angle P : P 
in the terminal edges « 147® 68', in the lateral edges « 67®. Cleavage distinct 
parallel to oP. Lanthanum bromate forms crystals of similar character (Harigoac, 
Ann. Min. [6] xv. 272). 

Perhromic acid, H£rO*, is produced by the aetton of bromine on perchloric acid 
(iv.374). 

Hypobromone acid, HBrO, is formed by the action of bromine and water on 
silver nitrate and on mercuric oxide (mi. 237) ; also, aecording to Schdnbein 
1862, p. 66), on mefcaric chloride, nitrate, or acetate. 

MMWOVOBML OHBr*.^Pirodiieed &om dibromosiiocinic acid hr the 
biomme in eaceess in presence of water (KeknU, Amm» Ck Pharm, SigtjpL L 
+ 2H*0 4- 4Bi^ i. CHBr* + flOO* + 7HBr. 

Bnp. B B 
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BROMOXAB^fiM— BBUCINE. 

. by ammonU, with formation of bromide and cyanide of ammoninm 
wt, rend. xlvi. 344) : 

CHBr’ + 5NH* = SNH^Br + NH CN. 


It acto strongly on eincethyl. prcducing eth^l b^mido. tine bromide, and propylene 
(Alexoyeff a. Beilstoin, Bull. Soc. Chtm. [ij ii. 51) . 

CHBr* + (C‘^H‘‘)*Zn » C*H*Br + ZnBr* + C»H®. 
msOMOXArOStM, C»HBr'0^ originally obtained hy Cahours by the a^on 
of brS o“lution of potaBBium citrate (i. 996), ie likewise formed, under ^rtom 
circumstances, by the action of an excess of bromine on dibromocitraconic acid . 

C'‘II*Br‘^0* + 2H“0 + 6Br* « 2CO* + 9HBr + C*HBr*0*. 

It is separated from the distillate by water as a heay oil which soon solidifi^. It 
melts at 77°rdis8olve8 easily in alcohol and ether, and v 

long har(l needles, from the latter in thick transparent Prisms. 

Ltfsh it yields bromoform ; with alcoholic ammonia, dibromacetamido (Cahours, 
Ch. Phys. [3] Ixvii. 129 ; Jahrieh. 1862, p. 318). 

BRirCXWll. According to Wittetoin {Arch. Pharm. [2] c. 129 ; cix. 

28f“Sf”vloid exists, together with%tiyThnine. in the uran or curara poison 
Cif 186) ; but ^cording U Buchner (iiirf. ox. 19), this po.non contams curar.no, but 

"“M™cin7hLtd^^a of platinum-foil coTo.od with a watcbglaso (p. 87) 

yiobla a granular sublimate which becomes .‘'y 

' nitric acid and is convortcKl by ammonia into a deep yellow amor^ous J 

cWdc acid into dark yellow stars or rosettes formed of short prisms (Helwig, 
Zeitschr anal. Chem. iii. 43). With phospkomolyhdtc acid, bnicino forms an orange 
S^ipitoto! wWch dissolves^., ammonia 

on boilimr (Trapp, Jahresh. 1863, p. 702). According to h. h. Mayer {Bep. W- 

r 102 a soTftion of bnicine wntaining 1 pt. in 60,000 produces a M.-cept.ble 
procipilato with a solution of potasfio-mercurte wdide form^ by dis»>lv.ng 
[n46 arms mercuric chloride (* eq.) and 49-8 grms. potassium i^ide ... a litre ot 
water Idiis reaction may be usc(^ for the (piantitativo estimation of brucine (in. lOoo). 

When a strong solution of mdiiim miphydrate is added to a and'iXr'tho 

nitric acid heated to 40°-&0°, the liquid assumes at tlrst a violet colour, '‘"'1 

1. 4 i.nAn addod in excoss, a hue green colour, which is not altered by 
TLt chrgod by d\"„r:Sls into ^rose-red, with evolution of hydp^en 
t^hide After “day or two the green colour disappears and a ^cen.sh prcc.p.tete 
aimeMS ’ This mode^ of testing, if well performed, will Mveal the presonM of 
0^02 itrm brucine in half a litre of water (8. Cotton, Ze«fsf^. /. Chem. [2] v. 728). 
feum^teLted with a chlorate or with chlorine tetioxide in presence of stnmg 

sulphuric acid, assumes an orange-rci colour which f ™ Action 

of Linnous chloride. Free chloric and perchloric acida do not exhibit this reactioi 

(Luck, ibid, vi, 275). 

Metlkyl- 

evolution oi 

brucium iodide, C«H«(UU»)W*UM, wnicn ciysui.uBt:» altered bv 

laminae containing 8 mol, water of crystallisation. It is not -further altered by 
i^^TedTlmont with methyl iodide. By decomposing tKis j^lt ^ 
prwipitated silver iodide (or the sulphate with a solution ofj^efr 

K?8 Obtained, which is colourless at first, but ^n tu^ violet, “d .jhen 
rated gives off carbon dioxide and leaves a dark-coloured 
appareSly containing a base different from methyl-brucine. The 

C**H**N*0‘.HBr + |aq., is formed on mixing the hydrochloride with 
ru^iSlrde as a l^ipitate which dissolves 

S^ter and crj'stallises from the latter in small shining pnsms, which give 
^tor’at The hydrocMaride, C»^H«N*0*.HC1 + 5mi., 

♦hA free base with hjTUwhloiio acid, forms small shining crystal^^ily soluble in 
^^tertnd in alco^V^kei^^^ 2(C-H«N'OLl/a).PtCl\ is a ye low 

nTAoinibite. insoluble in ether, easily soluble in alcohol and in wate^ and crystallises 
g^ffitSfir^eidle.. Tb, JrockU^e. C«H»N«0- . HCl . AuW. 
iSw precipitate alightiy aoluble in ooW water. Mercunc blonde added *» ™ 
h^JSehtoride forma a white precipitate. Th® . ' 

fC“H**NK>‘)*.H*8?>* + 8a<j., obtained by decomposing the hydrtod^ mlw 

" TOlpUte, fo^ a radiate cryataUino mass eoeily solSie in water and >n alcohol. An 




BRUCINE. 




ueid + 2aq., obtained from the preceding b||||^dition of 

dilute aulphuric acid, forms indistinct crystals, somewhat easily soluble in water and 
in alcohol. Methyl-brucine given in the form of sulpliate to rabbits in doses of ten 
grains exerts no poisonous action (Stahlschmidt, Ann, cviii. 613; JoAresb, 

1869, p. S98). 

The experiments of Crum-Brown a, Fraser (Edin. PhU. Trans, vcl, xxv.) hare also 
shown that the salts of methyl-brucine are much loss poisonous ihon those of brucine ; 
moreover, tJieir physiological action is diiferont from that of brucine : the latter is 
a violent convulsive poison, whereas its methyl-derivatives, though fatal in large doses, 
never produce convulsions. 


Stliyl-braolnet is described in vol. i. p. 684. 


Bmoine-brometliylaminonlam. C**n**N*Br*0*. — Brucine unites directlv with 
ethylene bromide when the two are heated together to 100'^, forming a clear lic^uid, 
which on cooling solidifies to a ciystalline mass, and when rccrystallised from boiling 
water forms furcate groups of nacreous lamiuoe, easily soluble in water, sparingly 
soluhlo in alcohol, insoluble in ether. This compound, which contains the elements of 
Irucine and ethylene bromide, may be reganlod as Brucine-hrwnethylammonium 

bromide^ ^ brucine exhibiting the functions of a tertiary amine. 


The crystals when air-dried contain 3 molecules of water. Tlio solution of this bromide 
is not precipitated by ammonia or the Hxotl alkalis. Silver nitmte throws down half, 
n!ul recently precipitatwl silver oxide at the boiling heat the whole of the brt>min6 as 
silver bromide. The corresixmding plutinocMoridt^ 2(C'"11‘*N*0* . C®H*BrCl) . PtCl*, is 
un omngo-yellow crystalline precipitate. 

llrucine-vinylammonium hydrate^ C’*1P*N*0'.C*H*(0H), is the base formed by 
treating the atpioous solution of the above-described bnimido with moist silver oxide. 
Tiio resulting solution has a strong alkaline reaction, absorbs carbonic acid from the 
air, and dries up to a brown varnish exhibiting traces of crystallisation. Its platinum 
salt has the composition 2(C**K‘^*N‘'O^.C*IPCl).PtCP. An acid sulphate^ funning 
hydrat<Kl crystals, is obtained by treating the base with excess of dilute sulphurio 
acid (I* Scliad, Ann, Ch, Pharm. cxviii. 207). 


Ferlodldea of Bruclae (S. M*. Jorgensen, Ann. Ch. Phys. [4] xi. 114).— 
Brndne Hydro dr iiodide, C«*IP*N*OMfP, or Brncium Truudidr, . I\ 

is obtaino<l, l>y mixing brucine sulphate with a solution of i(xline in potassium 
itxlido, as a l:»rown‘rc<l precipitate crysbdlising from alcohol in long brown-violet 
noodles, whicli in polarised light appear light yellow when their longitudinal axis is 
pirallol to the plane of polarisation, and purple-brown with blue shade when the 
same axis is at right angles to the plane of polarisation. 

Brucine Meihyldriwdide, C**1P*N"0* . CH’I*, or M( ihyldyruciwtn TH-iodrde, 
C**IP*(C11*)N*0^ . I*, crystallises from a mixture of 1 mol. mcLhyl-brucium iodide 
and 2 at. iodine, in rosettes of brown-red larainee, which are yellowish-red by 
transmitted, dark blue by reflected light, and have no action on polarised light. 
Mcthyldruciwn PentaAoaide, C**Il**(CTI*)N*0*.l*, separates from the solution of 
the last-described compound in tincture of iodine, in nearly black prisms, wliich 
ore blue by reflected light, and in polarised light appear opaque and black, or more 
or less dark red, accordingly as their longitudinal axis is parallel or perpendicular to 
the plane of polarisation. 

Ethyl^bntdum Tri-ibdide, C**H“(C*H*)N"OM*, obtained like the methyl-compound, 
separates from alcohol in hemispherical groups of reddish -yellow crj'stds mtviiig 
a golden lustre, and exhibiting in mass the aspect of retluc^ copper. The penta- 
iodide, C**H**(C*H*)N’0* . I*, crystallises in four-sided needles, which in ordinary light 
have a deep metallic ^reeo colour, and in polarised light appear opaque or a purple- 
red, accordingly as iheir longitudinal axis is parallel or perpendicular to the plane of 
polArisatioD. 

Amyl^hrucium Truiodide, C“Jl**(C*n'*)N”0*. I*, crystallises in reiy Uiin yeUouish- 
red nobles which have a silky lustre,’ and in polarise light appear browp or 
accordingly as their axis is parallel or perpendicular to the plane of pobMflimdn. 
The peniaAodide, C**H*^OH")NW.I»,«rystoUises in long blmsh-greon, 
iustzoiui rhombic needles, which, on account of 'their perfect opaci^, CPUPlPt 
examiued in polarised light. 

Ad^ftAmteium Tririodide, ohtminpA like 

t^mna stellate groups of bi w n e^stals, whli^ l n pojla afSsijil lii^ 

MotdilSg to their position. The peniaAodidOt 0*jBi**(C*H*)N*0* 

B H 2 
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splendid long four-sided needles having the colour and lustre of the mng-casee of 
cantharides. The crystals are mostly opaque ; the thinner ones appear in polarised 
light, deep violot-red or opaque, accordingly as their axis is •parallel or perpendicular 
to the plane of polarisiition. 

BSVCZTZI. MgTPO*. — On the crYstallino form of this mineral, see G. Eose 
{Jahrcsh. 1860, j). 7^53), Hessenbcrg («fe. 1861, p. 989), and Brush {ibid, 1861, p. 
990). 

BBVSBZTE. A dicalcic ort.hophosphate, Ca^H^(P0^)*.4H'0, occurring in small 
crysbils in guano from the island of Avis in the Caribbean sea ; also together 
with other calcic j^hosphales in the guano of Sombrero. (See Phosphatks in this 
volume.) 

BITC|CWBBilT. Polygonum fagopyrum . — According to Nobbe a, Siegert {Chem, 
Centr. iS63, p. 296), whose results are corroborated by Leydhecker {Jahresb, 1867, 
p. 760)» this plant forms' ripe and germinating seeds only in soils containing potassium 
chloride or calcium chloride. In soils free from chlorine (containing only nitrates, 
sulphates, and phosphates) it grows, flowers, and begins to form fruit, but does not 
ripen its seeds. Even sodium or magnesium chloride cannot replace the chlorides of 
potassium and calcium. 

J. W. Gunning {Zeitschr. f. Chem. [2] iv. 371) has analysed buckwheat flour with 
the following results : 


Water .... 

Fricsliitul 

15-39 

French 

16-29 

nol8t<rfn 

15T7 

Ash .... 

1-08 

0-94 

0-82 

Fat .... 

1-98 

1 96 

1-63 

Albuminous principles . 

9-96 

9 16 

8-63 

Starch . . . . 

50-81 

61-35 

62-62 

Cellulose . . . 

11 75 

11-29 

8-63 


The yellow colouring matter of buckwheat (i. G86) has boon further oxaminofl by 
Schunck i^Mayichestcr Lit. and Phil. iioc. Memoirs^ 1858 ; Jahresh. 1859, p. 527). who 
assigns to it the formula and to its lead-salt the formula C'*ll*“PbO’®. 

Schunck regards this colouring matter as identical with rutin and ilixanthin, though 
the preceding formula does not quite agree with the formulae attributed to these 
compounds (iii. 244 ; v. 139). 

BirCXXABTBZTB. (See Epiuote). — The mineral of this name from Laach in 
the Eifol has been shown by v. Iloth to be identical with orthite (iv. 238). 

BI7TA.XJkKrZMrB. Syn. with Amidovaijeric Acid. (See Vai-eric Acid, v. 978). 

BBTAnSYBBirB. See Amyeenb. 

BUT V JL ikXiCOBOBS. These compounds have been described in vol. v. 732, 
under the title Tktuye Alcohols. Eocent researches, however, have somewhat 
modified the account to be given of them. 

The butyl alcohol of fermentation is a primary alcohol, not the normal primary y 
as was believed until quite recently, but the abnormal or iso-primary.' There are two 
varieties of primary butylic alcohol, viz. I*ropyl~carbinoly and hoproptfl-carbinol. 

Propyl-oarbinol or Normal Primary Butylic alcohol, C- ^ 

(oh 

is comparatively little known, and has not hitherto l>©en found as a natural product. 
It was obtained synthetically by Sehoyen {Ann. Ch. Pharm. exxx. 235) from ethyl gas, 
by submitting it to the action of chlorine and subsequent conversion of the resulting 
butyl chloride into butyl acetate, which latter pnirluct was transformed into the 
alcohol. A much more complete investigation of this compound has been just 
published by Lieben and Rossi {Chmpt, rend. Ix^dii. [1869] 1561 et seq.). These 
chemists first prepare<l butyric aldehyde by distilling a mixture of butyrate and 
formate of calcium. From the aldehyde the alcohol was ol>taincd by hydrogenation 
with sodium^amalgam. The alcohol, when perfectly dried, boils at 116®. It is 
considerably lighter than water. In smell it resembles isobutylic alcohol. It Is ytety 
sparingly soluble in water. Treated with sodium, it gives sodium ba^late, with 
diMngagement of hydrogen Iodine and phosphorus transform it into the iodide, 

boiling at 127®. Oxidation hy means of dilute chromic acid gives normal butyric aci^ 
unaccomxiaaied by any other acid. 
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I W 

Itcpropyl-carhinol ot Isojprimary-hutylic Alcohol, CJjj . — This 

(ou 

alcohol constitutes the butylic alcohol of Wurtz» which was extracted from fusel-oih 
For a long time it was the only butyl alcohol known to chemists. Erlonmeyer and 
also Chapman have recently shown that this common butylic alcohol gives isobutyric 
acid, by oxidation with dilute clironiic acid, and that therefore it is an iso-alcohol. 
On its occurrence in crude spirit, see Kramer a. Pinner {Zi ttsvhr.f. [2] v, 690), 

It luis recently been examined very completely by Chapman n. Smith {Chem, Soc. J, 
1869 [2] vii. 163). Its boiling point is 109^^, being sensibly lower than that of the 
normal alcohol. Sp, gr. = 0 8065 at 16*8°. It dissolves 1 at. sodium but slowly, 
and only on brisk agitation and warming ; bxit ailcium chloride, potassium acetate, 
and potassium hydrate are dissolved by it with facility. It mixes ojisily with glacial 
ucclic acid, wnth the same acid diluted with twice its bulk of water, and with hydro- 
chloric acid. It dissolves in alxjut eleven times its own bulk of water. By strong sul- 
phuricivcid at — 16° to — 16° it ap^ars lobe completely convertotl into butyl-sulphuric 
acid ; at ordinary temperatures cliiefty into jx)lyinerid(‘8 of butylene ; with sulphuric 
acid diluted with three times ite weight of water, it yields chiolty butyl-sulpliuric acid. 
The dilute and gently warmed solution of this acid deposits, on addition of an excess 
of crystallised Glauber’s salt, a colourless peculiar-smelling liquid which appears to 
be a hydrate of isobutyl alcohol, inasmuch as it is resolved by distillation into 
water and that alcohol. 

Respecting the conversion of isobutyl alcohol into tertiary butyl alooliol, see p. 374, 

The various compounds described in vol. v. as derivatives of normal butyl alcohol 
are in reality derivatives of isopropyl -c4irbinol. According to Cliapman a. Smith, the 
iodide and bromide cannot bo advantageously prepared by the action of iodine or 
bromine and phosphorus on isobutyl alcohol, since in both cases a large quantity of 
the alcohol is converted into butylene. 

The bromide f C^H^Br, is best preparo<i by saturating the alcohol with gasoonis 
hydrobromio acid, and then heating it to 100° in swiled tubes with an equal volume 
of jiqueous hydrobromic acid of sp. gr. 1*6, till the separjito<l oily layer no longer 
incrojises. On fractional distillation the greater part goes over at 92°, but a small 
p<jrLion having the same composition <listil8 16° or 17° lower. The colourless 
bromide boiling at 92° hivs u sp. gr. of 1'27<>2 at 16°, and behaves with rotigents just 
like the iotlide. 

Isobutyl iodide. is most easily prepared by boiling the alcohol for thirty or 

forty minutes with four times it volume t>f hydriodic acid of sp. gr. I S. The greater 
[Wirt of the product distils constantly at 121° ftp.gr. — 1G301 at 0°; 1-6032 at 
16° ; T54816 at 60°. By alcoholic potash or sodium ethylate it is for the most part 
converted into butylene, only a small portion yielding butyl-ethyl oxide. Alcoholic 
ammonia converts it into butylaniino, with little or no butylene. Hoated with 
I>otassium acetate and glacial acetic acid, it is chiefly convertwl int<j isobutyl acetate, 
a small quantity of butylene being however formed at the same time. Heated with 
niercuric chloride it yields butyl chloride and a small quantity of butylene, Hcatod 
with zinc and ether, it gives off a large quantity of gas, and yields but little zinc- 
biitvl. With sodium-amalgam and ethyl acetate it yields mercury-butyl, together 
with a large quantity of gas. Potassium cyanide converts it into butyl-cyanide 
without much formation of butylene. With sodium it gives oflf butylene and butyl- ‘ 
hydride, with but little butyl. 

MorkownikoflT has lately shown that this iodide may be converted into tortiitry 
butyl iodide, (CH*)*CI, by heating it with alcoholic potash, which abstracts HJrnnd 
leaves isobutylene, and then combining the latter directly with HI (p. 374). 

Aeooiidary’ Bntj-llo Alcohol* The possible forms of the secondary 

fCH*CH» /CU» 

alcohol are eihyl-metkyl carbifwl, ,B,w\m€(hyl~€(kyl carldnolt C* 

(oh loH 

but according to our present theory these two formulie do not represent any real 
difference of composition, and there is consequently only one secondary butylie al^hol, 
which may boar either of the above names. 

pe Laynes obhuned the seconds^ alcohol from eiythrite by reduction with hydri* 
f^ic acid. Lieben has also obtained it by another process, rirs. by the suecesslT# 
action of mnc-elhyl and hydriodic acid on chlorinated ether (Am, Ch, Pharm, c*li. 
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The Thidi take place in the latter process are expressed by the foUowing 

C»H»C*H‘C1J0 + 4HI = C'H'C'H'Hl j^^l + H*0 + C*iPI + IK 

( 2 ) QSJJSJ It 

The resulting organic iodide, may then be either at once treated with 

moist silrer oxide> or else converted into acetate, which latter is transformable, in the 
usual manner, into the alcohol. This alcohol boils at 99°, according to Lieben and 
JBauer According to Be Luynes, the boiling point is 96° to 98°, Its sp. gr, at 0° is 
0-827 (Lieben Bauer); 0-860 (Be Luynes). By oxidation it yields neither normal 
nor isobutync acid, but acetic acid. See further v. 734, where this alcohol is dessnbed 
as isotetrylio alcohol. 


Secondary butyl iodide, C 


iodide. 


C*H* 
CH» 
H » 
I 


is described at p. 736, vol. v., as isotetrylic 


-Biscovered 


(CH* 

1 (^H* 

Tertiary Butyl Alootiol* Trimotliyl-carblnol. C -j 

I OH 

by Buttlerow (^nw. Ci. TAarm. cxliv. 1). At the ordinary temperature of the 
air it is a solid substance. Buttlerow prepared it by the slow action of excess of zinc- 
methyl on acetyl chloride. 100 grms. of acetyl chloride were slowly dropped into 260 
grms. of zinc-methyl, the latter ^ing kept cool by immersion of the containing vessel 
in cold water. After the lapse of several days, water was added to the product, until 
it ceaswl to give a precipitate. A certain quantity of oily product separated on this 
treatment, and this was carefully removed from the aqueous liquid, which (sontained 
the trimethyl -carbinol in solution. Carbonate of potassium was next added to the 
aqueous solution, whereupon the new alcohol formed an oily layer which was subse- 
quently dried (when it solidified). From the above quantity of materials 76 grms. of 
t ritnothyl-carbinol were obtained. The boiling point is 82°. It forms largo colourless 
crystals. 

The reaction by which the tertiJiry alcohol is produced is the following : 

(CH» 


CO 


[CH* 

ICI 


2Zn 


CH* 

CH» 


CH» 

CH» 

QZnCH* 


Zn 


CH* 
Cl * 


On adding the water there is disengagement of gaseous methyl hydride and fortriation 
of zinc hydmte and the tertiary alcohol. 

This alcohol may also be formed from the primary alcohol Of fermentation 
m/ra). J. A. W.^ 

Tertiary Butyl Iodide or Trimethyl Carbonyl Iodide^ C^H*)*I, is easily 
formed by passing gaseous hydriodic acid into well-cool^ trimethyl-carbinol, or, 
though loss completely, by agitating the alcohol with fuming hydrwidjc acid. ITie 
iodi<le decolorised by caustic potash or alkaline bisulphite, and dried over^ calcium 
chloride, is a heavy liquid, insoluble in wntcar, smelling like petroleum, and boiling, with 
partial decomposition, at 98°-99°. With a solution of potash in strong alcoholi it is 
easily resolved into butylene and hydriodic acid ; if, however, water is present, a large 
quantity of tJfimethyl-carbinol is formed, with but little butylene. By diy silver- 
oxide it is decomposed explosively ; with moist silver oxide it yields trimethyl-carbinol 
and .a small quantity of butylene. 

This iodide has lately been obtained in a remarkable manner by MorlKyemikoff 
{Zeiteohr.f, Chem, [2] vi. 29), from isobutyl-iodide or isopropyl-carbinyl iodide, by 
heating the latter with alcoholic potash, whereby it is converted into isobutylene, and 
combining th© latter directly with hydriodic acid. The conversion is represented by 
the foHoiring equations : 

H«0 CH* H»C CH* 


1 CH* 

H*C 

- HI - 

V 


ill 


laobatyl iodide. 


laobutjlcne. 





CH» CH* mo oa» 



IsobutTleue. Tertiary butyl iodide. 

The tertiary butyl iodide thus obtained is convertt^d by moist silver oxide into 
tortiaiT butyl alcohol, identical with that obtained by Buttlorow (see also Buttlorow, 
ibid. VI. 237). 

Tertiary Butyl Chloride, C(CH*)*C1, is formed, together with the correspond- 
ing acetate, by the action of acetyl cliloride on trimcthyl-carbinol ; also by the action 
of phosphorus pentachloride on that alcohol. By prolonged heating to 100® with 
water it is resolved into hydrochloric acid and trimethyl-carbinol. Buttlorow has 
observed the formation of trimethyl-carbinol by the action of water on a butyl chloride 
prepared from commercial alcohol ; hence it appears probal>le that this tertiary alcohol 
likewise occurs amongst the products of alcoliolic fermentation. 

Tertiary Butyl Acetate, C*n'*0^ — » C(CH*)* . C*II*0*, is easily obtained by 
mixing the iodide with silver acetate previously moistened with strong acetic acid. 
After rectification over silver acetate, washing witli water, and drying over calcium 
chloride, it forms an aronmtic oil, smelling like mint and acetic acid, soluble in a large 
quantity of water, boiling at 96°, and resolved by boating with baryta-waUr into 
barium acetate and trimethyl-carbinol. 

BIITk JU8VS* C^H*. — This hydrocarbon might exhibit the following modifier 
tioQS : 


I. 

11. 

III. IV. 

V. 

VI. 

— CIP 

1 

CH* 

CH* CH* 

1 1 

CH* 

t 

CH* 

1 

CH* 

1 

1 

CH* 

I 

CH* cn 

Oh 

II t 

CH* CH* 

CH* 

cL 

1 

— ^H 

1 

CH* 

CH* 

1 

CH* 

j 

1 

— CH* 

— {:h 


—CH* 


VII. 

VIII. 


IX. 

H*C— CH* 

H*C CH* 

H»C CH* 


\l 

CH 

Vk 


V 


(iiu* 

— (!:H 




I 

The modifications I. to V. might be formed by dehydration of normal butyl alcohol 
or propyl-carbiool ; II. to V., also from secondary butyl-alcohol or methyl-etlyrl 
carbinol ; VI., only from the latter ; VII., VIII,, and IX., from isopropyl carbinoL ; VII. 
and IX., also from the tertiary alcohol (trimethyl-carbinol). 

Our actual knowledge of these modifications is, however, very incomplete, a. ITie 
hydrocarbons OH* described under TKTRTUDm (v, 787)--as produced by the conden- 
sation of oil-gas, by the electrolysis of valeric acid, by the dehydration of isobutyl 
^rbinol with sttlphoric acid, and by the action of alcoholic potash on secondary butyl 
i^ide — are probably not all identical. That obtained by the first process boils below 
0® (Faraday) ,* that obtained from secondary butyl iodide at + 3® (De Loyne^. The 
may Imve the constitution represented by either of the formulse HI., IV., V., or 
TJfo lo the partieular hydrogen-atom which is removed from the molec^ 

CH* 

CH* 

CHI* combination with the iodine. Lieben (Ann, Ch. Phann, di. 121) hj 
CH* 

combining this butylene (boiling at -f 1®) with hypochlorons acid, and treating the 
iwdting chlorhydrin» with sodinm-amalgBjn, has obtained seeofidafy butyl 

a^hol, whence he inferi that the buiylena la question has the eonetitiitlon 
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Bimethyl-ethyUnef C*H»(CH*)*, Buttlerow’s jMeudobutylene,9Aoh\jb,me^hy 
heating tertiary butyl-iodide with alcoholic potash, has the composition represented by 
formula IX. : 

H»C CH* H»C CH* 


It is given off as a gas, which may bo freed from condensable products by passing 
through a bottle and bulb-apparatus cooled by water. It smells like coal-gas, burns 
with a very bright but sooty flamo, is quickly absorbed by strong sulphuric or 
hydriodic acid, and condenses at 16°-18° under a pressure of 2 to 21 atmospheres to a 
liquid which boils at —7° to —8° under a pressure of 762 millim. By its combination 
with hydriodic acid, tertiary butyl iodide is reproduced, whereas butylene from 
erythrite yields secondary butyl iodide (v. 736). Strong sulphuric acid absorbs 
dimethyl-ethylene, with separation of a liquid capable of combining with bromine, and 
apparently consisting of polymerides of butylene. A mixture of 2 vol. strong sulphuric 
acid and 1 vol. water absorbs the gas, with formation of trimethyl-carbinol, whicli 
mfw bo separated by distillation from the solution after dilution with water. 

Dimethyl- ethylene is likewise evolved on heating a solution of trimethyl-carbinol in 
sulphuric acid diluted with 2 vols. water ; by heating isobutyl iodide with alcoholic 
potash ; and by the electrolysis of ordinary valerianic acid. 

Dimethyl-ethylene is absorbed by a cold solution of hypochlorous acid (obtained by 
passing chlorine into recently precipitated mercuric oxide mixed with icej ; and the 
solution freed from excess of hypochlorous acid by means of sodium bisulphite yields 
by distillation, agitation of the distillate with ether, and evaporation of the latter, a 

fCCl(CH»)* 

liquidconsistingof isobutylic chlorhydrinjC-j H* , which has a burning 

(OH 

taste, boils at 137®, and is converted by sodium-amalgam into isobutyl alcohol, 
(Buttlorow, Ann. Ch, Pkarm. cxliv. 1 : Jakresb. 1867, p. 678; further, 

(on 

Zeitschr.f. Chem. [2] vi. 236, 238). 

y. Methyl-allyl. CH*.C*H*. — This modification of the hydrocarbon may 
bo structurally represented by the formula IV. or VII. It is pi^uced by the action 
of zinc-methyl on allyl iodide : 

Zn'CH* -I- Cmn = Zn'I + 

or more easily by heating a mixture of methyl-iodide and allyl-iodide (dilated with 
2 vol. ether) with sodium to 100*^: 

CHH + C*HH + Na» = 2NaI + 


After several hours’ action, the tubes are cooled, quickly connected with a receiver 
cooled to — 12®, and then gently warmed. The ethereal lic^uid which passes over is 
saturated at a low temperature with bromine, and the brominatcd product, freed from 
excess of bromine by agitation with potash, and from ether by evaporation, is distilled 
under reduced pressure. If the distillation be interrupted when the thermometer 
shows a temperature of 100° under a pressure of 10 centim. of merciMy, the residue, 
which solidifies on cooling, consists of diallyl-tetrabromide, and the portion which 
passes over yields bv fractional distillation, a colourless mobile liquid, boiling between 
1 66° and 166°, and having the composition of butylene bromide, OH*Br*. This liquid 
attacks the eyes, boils at 1&6°-160° under a pressure of 766 millim. (normal butylene 
bromide boils at 168°), and has a sp. gr. of 1*8299 to 1*81 19 at 0°. ^ium decomposes 
it somewhat rapidly, forming a dry white moss ; and on opening the tubes, pjrevioasly 
cooled to - 12°, a gas escapes, which may be condensed by cold to a liquid boiling 
between —4° and +8°. This liquid (methyl-allyl) forms with hydriodic acid the 
compound HI, which in sp. gr., 1*643, and boiling point, 116°>118° agrees 
sensibly with butylene hydriodide or secondary butyl iomde (y. 736) (WurtsTHWI. 
8oc. Chim, [2] viii, 266). 

3. Etkyi^vinyl, C^H*. C*H*, may have the structure represented by II., III., or V, 
It is formed by the action of xinc-ethyl on bromethylene : 

C*H*Br + Zn'(C»H»} « Zn'Br + 
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This reaction was first observed by Chapman (Chem^ Soc* Jl [2] v. 28), and has been 
further studied by Wurtx (Zsi^Ar. /. Chtm. [2] v. 407).' The two bodies do not act 
on one another at ordinary tempexatureSf and the reaction takes place but slowlv at 
100®, or even at 140° ; but when the heated tubes are left for several weeks, a white 
(or sometimes grey) crystalline precipitate of sine bromide is formed. On opening 
the cooled tubes and passing the evolved gas into bromine, a bromide is formed which, 
after purification, is colourless, does not attack the eyes, Inis a sp. gr. of 1*876 at 0°, 
and boils at 165°-166° (bar. 755*5 mm.). On condensing tlio gas itself by a freezing 
mixture, liquid ethyl-vinyl was obtained, boiling between —8® and 0®. The purer 
product obtained by decomposing the bromide in strong tubes with excess of sodium, 
and condensing the evolved gj\8 in a freezing mixture, boiled constantly at —5®, gavo 
with bromine a bromide which boiled at 166®, was identical with that 

obtained directly ns above, and when hwit^Hl with eoncontrated hydriodic acid in a 
scaled tube to 1 00°, yielded an iodide, which, after purification, boiled at 120®-121®, and 
had a sp. gr. of 1*034 at 0®. This i<Klido is very much like ordinary butyl iodide, but 
is distinguished from that conipouiul by the facilit y with which it acts on silver acetate 
at ordinary temperatures, yieUling a but^d acetate which boils at alxmt 1 10®, and gives 
with pottissiuiu hydrate a butyl alcohol boiling at about 05® (? secondary butyl 
alcohol). 

The preceding characters are sufficient to slmw ihiit cthybvinyl is different from 
ordinary butylene, pseudobutylene, and methyl-allyh 

BmmtXC BCXB8. in the article Acins, Ouoanic (p. 40), it has been explained 
that butyric acid is the first of the series of fatty acitls, which admits of 

isomeric modifications, and tluit it exhibits the two modifications 
r CIPCIPCH* f CH(CU»)* 

c]o o]o 

(oh (oh 

Normal Butyric acid. iHjbntyrIc acid. 

Normal Butyric, Provy l- formic, or Etuyl-acbtic acid is pro- 
duce<l by oxidising propyl-carbinol, by docomjwsing normal propyl c.yaiiido with acids 
or alkalis, and by the fermentation of sugar in contact, with putrid curd. Tho samo 
nnxlification appears also to ho fornie<l in tho putrefaction of diabetic urine (Klinger; 
Fonberg, Jahresb. 1858, p. 571), of wheat-flour (Sullivan, ibid, p. 231), and of rye-flour 
(Ilitthauson, Zeiischr, f. Chem. {^2] iv. 314); in the distillation of peat {Jahfcm. 1858, 
p. 280 ; 1859, p. 742) ; in tho oxidation of valeric acid by permanganic acid (Noubauer, 
Ann. Ch. Pkarm. cvi. 59), and of Chinese wax by nitric acid (Buckton, Clum, Soc. J, 
X. 166); further by tho following definite reactions : 

a. By tho action of hydriodic acid on succinic acid; 

+ H* = C^IPO* + 2WO 

(Bertholot, Bull. 8oc. Chim. ix. 45M. — /9. By fusing ethyl-crotonic acid with potash 
(Frankland a. Duppa, Chem. Soc. J, [2] iii. 133). 

+ 2KHO - CHI»KO» + C^H’KO* + H». 

SthyRcrotonlo Butyrate. Acetate, 

acid. 

y. From filicic acid (dibutyryl-phloroglucin) by evaporation with potash-ley 
(Grabowsky, Ann, Ch. Pharm, cidiii. 279) : 

Ci4H'*0» -H 2H’0 « 2CHI"0» + C*H«0» 

Fllicio acid. Butyric acid. Phloro- 

gludn. 

9. In like manner from cainootin and aphrodsescin (Rochleder, Bull, 8oo, Chim. [2] ix. 
382, 385) : 

+ 3H*0 - 2C«H-0* + C'<H»'0* 

Calooetiu. Bot^o Ciribicigentn. 

0»H“O« + 3H*0 « C<H*0* 

AphrodMeln. Butyrto .fiScinio 

acid. acid. 

Butyric acid (probably normal) has been fonnd ready-formed In flesh-juice, goniio, 
excrements, putrid yeast, bad cideY, and the water of peat-bogs, dung-heaM, imdotlier 
aceumnlations of decomposing organic matter ; also in the frait of Oimjfko Ui 

cenanthic ether (wine fuset-ml) a^ in wood-tar {jJahrttb. f, Ohem, 1857, pp. 05S, Uktf 
403.559; 1859, pp. 363, 364; 1861, p. 454 ; 1866, p. 811). 

It is only, bowser, within the la^ few years that normal butyric odd has bsMi 
distinguished flrom its isomende, and the sceounts which hare been fi^Tea of the 
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|>rop 6 rtk 0 of liutyric acid and butyric compounds generally must be taken to refer 
oonfbsedly sometimes to one and sometimes to the other veuh'ety of the acid. In 
general, normal butyric derivatives have a slightly higher specific gravity and 
boiling point than the corresponding derivatives of isobutyric acid. Thus : 

Normal compounds. Iso^oompoimds. 

Butyric Acids, 164° 0 9817 sp. gr. . 154° 0-9698 sp. gr. 

,, Anhydrides, 190® — . . . 180'6® — 

„ Chlorides, — — ... 92° - — 

„ Ethyl-ethers, 119° 0*9019 sp. gr. . 110° 0*8893 „ 

The specific gravities in the above tabular statement are given at 0° C. Normal 
butyric acid has a much more offensive smell than the iso-acid. There are also 
striking differences between the calcium salts of the two acids. Butyrate of calcium 
is more soluble in cold than in hot water, whereas the isobutyrate is more soluble 
in hot than in cold water. 

Butyric acid heated with bromine in sealed tubes, is converted into mono- and di- 
bromobutyric acids. With chlorine in sunshine, it yields di- and tetra-chlorobutyric 
acids (i. 694) ; in the shade it is very slowly attacked, apparently yielding mono- 
chlorobutyric acid; in presence of iodine this product is more quickly formed 
(Morkownikoff). With atdphuric cklorfwdrate^ it forms disulphopropiolic acid, 
C*H"S®0*, together with other products (Tkiumstark, Ann. Ch. Pkarm. cxli. 25). By 
permanganic acid in alkaline solution, it is converted into succinic, propionic, acetic, and 
carbonic acids ; and by hydriodic acid into butane or butyl hydride : 

capo* + 6UI = + 2U*0 + 3P 

(Borthelot, Jahresb. 1867, pp. 336, 345). 

IsOPROPYL-FOBMIC ACID, D I M E T H T D - AC B T IC, OF ISOBUTYBIC ACID, 

C J O , is obtained by oxidising isopropyi-carbinol (i.-e. Wurtz's alcohol from 

(OB 

fusel -oil) ,* by the action of acids and alkalis on isopropyl cyanide ; also by the oxidation 
of hexyl alcohol (Wanklyn a. Erlenmeyer), &c. 

The existence of this acid, as distinguished from common butyric acid, was esta- 
blished in 1805 by Morkownikoff, who showed that the acid given by isopropyl 
cyanide (from glycerin) is distinct from the acid given by normal propyl cyani<ie. 
According to Morkownikoff, isobutyric acid (from isopropyl cyanide) boils at 163*5° to 
154*6°. Sp. gr. 0*9098 at 0°; 0 9208 at 60°; 0*8966 at 100®. According to Chapman, 
isobutyric acid has not so high a degree of stability in presence of oxidising agents as 
the normal acid, J, A. W. 

leohuiytaiee . — The poiassinm ealt remains on evaporation as a cauliflower-like 
deliquescent mass, easily soluble in alcohol. The Bodium B<dt is crystalline. The silver 
salt C^H'0*Ag is a white precipitate, slightly soluble in cold water, and crystallising 
from a hot saturated solution in microscopic very flat rectangular plates ; in a cold 
solution small prisms are also formed. The barium salt (C^H’0*)*Ba is easily 
soluble in water and in alcohol, and difficult to crystallise; over sulphuric acid it 
crys^llises in small prismatic forms; from a hot saturated solution, in efflorescent 
triclinic prisms. The calcium, salt (0<II'^0*)Ca , 6H*0 dissolves easily in hot water, 
and separates on cooling from a liot wituratod solution, in a pulp of microscopic 
needles. From a not completely saturated solution it separates by slow cooling in 
long efflopcBcont prisms, and from a cold solution by slow crystallisation in four- 
sided monocUnic prisms + P. — P. — ( ooPoo ), ooPoo, which lure permanent in the 
air. 

The ft^nesium salt (OH*0*)*Mg czystallises in white shining laminm, easily 
soluble in water and in alcohol, and giving oflf part of their acid in drying. The 
lead crystalUses from a solution of Iwd hydrate in the hot aqueous acid, in 
beautiful rhombic tables, which dissolve in 11 pts. water at 16°, and melt to a 
clear liquid in boiling water (normal lead butyrate prepared in the same manlier 
separatSeS from the cooling solution in oily drops, which unite into a viscid mass). 
Ths ewpinfe iaU is a blue-green precipitate slightly soluble in water, more soluble in 
aloohol, and ciystallising in dark gioen prisms. Mercury so/te.— >A solution of reeently 
preeiptteted mmouric oxide in not dilute acid deposits on evaporation a reddish-yellow 
crystalline mixture of mercurio and mercurous isoDutyrate, and if aftenmdi over 
Bhlphurie acid, yields spherical groups of needles, together with a pulverulent basie salt. 
In a solution of neutral meicmous nitrate, Isobatyrates form a white crystalline 



BOTTBIO ACail* ’ ^ 

whieh bl«ckMis and partly disaolvM ai tm boiling hnal, and the ealuUea 
depoaita wUto intMiaoed needles, which in contact with water are conYerted, without 
of form* into a yellow basic salt. Ethyl ie»hutyralet C*H'O*.0*H*, is a 
transparent colonrlesB liquid, of purer and more agreeable odour than the butyrate, 
of sp. gr. 0^8893 at 0®, boiling at 110®, slightly eolublo in water (MorkowMoflT, 
Ann. Ck. Pharm. cxxxviii. 361). 


' BramoHutyYlo iLolda (Friodel a. Machuca, Ch. Pharm. cxx. 279 ; Suppi, 
ii. 70. Gorup-Besanoz a. Klinksiock, ibid, cxviii. 248. A. Naumann, ibid. cxix. 116. 
H, Schneider, ibid. 279). 


Monobromobutyrio acid^ C^ll^BrO* — ^ prepared by 

heating 1 mol. butyric licid with 2 at. bromine to 130®-160® in sealed tubes for 
three or four hours. The tubes should bo well cooled before they are oi.>onod ; and 
the yellow liquid, consisting chiefly of bromobiityric acid, hojitod for a short time to 
lOO”', and then troattxl with a small quantity of water, to remove the last traces of 
liydrobromic acid. The brtjmobutyric tichl thus obtained conttvins about 20 p, c. water, 
which may be gra*iually removed by calcium chloride, the hydrate G'lBBrO* .H*0 being 
first produced, and afterwards the pure hydmgcn bromobutyrate, C*H’BrO* (Schneider). 
According to Gorup'Besanoc a. Klinksiock, tlio best way of obtaining the pure acid is 
to dissolve the contents of the tubes in four times their volume of alcohol ; saturate 
tlie solution with hydrochloric acid gas ; prt*cipitate the resulting ethyl bromobutyrate 
with water ; and, after purifying it in the usxuvl way by washing, drying, and distil- 
lation, decompose it with recently precipitated lead hydrate, and separate the acid 
frvmi the resulting lead salt by hydrogen sulphide. 

Bromobutyric acid is an oily liquid, sniolliiig of butyric acid and bromine, remaining 
liquid at — 16®, having a sp. gr. of 1*64 at 16®, boiling at 180® (Schneider), at about 
200® (Naumann), and thou decomposing with rise of tomporaturo. According to 
Friodel a, Maclaica, it boils under ordinary pressure at 217® with partial decom- 
position, but under a reduced pressure of 3 mm. it boils without decomposition at 
110®, and may thus bo obtained colourless. Dissolves in 14 to 16 pts. water 
(Schneider); sparingly soluble in cold, raodcrjitely soluble in hot water (Naumann) ; 
miscible in all proportions with alcohol and etlier. From solution in nitric acid of 
sp. gr. 1*2, or in strong sulphuric acid, it is precipitaUsi by wrater without alteration ; 
decomposed by heating with sulphuric nci<l. With zinc, it yields zinc-bw^mide and 
butyric acid. Boiled with ammonia, it forms ammonium bromide and amidolmtyrio 
acid (Schneider). By sujiorsaturating the acid with s^xla-ley, evaporating, heating 
the residue for some time on the water-bath, then supersaturating with sulphuric 
acid, agitating with etlier, and ovapf»niting the latter, a syrupy acid is obtained, 
wliich, when saturated with zinc car)>onato, yields needles of a salt isomeric or 
idcntiwil with zinc butylactate or oxybutyratc, (CUI‘0")*Zn, 2H*0 (i. 688; iv, 296) 
(Naumann). 

The metallic hromobu^ates ore mostly soluble in water and in alcohol, and 
difficult to ciystaUiso. The lead salt (C*ll*BrO')*Pl), obtained from the potassium 
salt by precipitation with neutral lerid acetate, is a white p isty precipitate moderately 
soluble in alcohol. A. second load salt, (C*ll*BrO*)’*Pb . 2PbO, is obtained by 
evaporating the liquid filtered from the neutral salt, or by precipitating the potassium 
salt with basic lead acetate. The bUvct Halt C'*Il*BrO'‘'Ag is a white crystalline 
precipitate, which l^ecomes darker on exposure to light, and is resolved by boiling 
water into silver bromide and (probal^) buty lactic acid (&hnoidor). 

lOthyt bromobutyrate^ C^H'BrO* . CFH*, is a colourless, fragrant, hoary, oily liquid of 
sp. gr. 1*33 at 16®, boiling at about 186®, but with partial decomposition oven in a 
current of carbonic acid gas (Schneider); of sp. gr. 1*346 at 12^ boiling at 176®~178® 
(Oahours). It is hut imperfectly decotnposra by boiling with caustic alibis, but 
when heated with lead hydrate it yields the lead salt of bromobutyric acid. 

Bromigobutyric aoid is formed by heating isobutyric acid with bimnino to 
130®, and forms on cooling a crystalline mass, which may bo porifled by heating is s 
stream of carbonte add gas, pressing, and drying in a vacunm. It melts at 
decomposee on distillation, dissolves easily in alcohol and ether, and forms wldt 
water a l^vy oil, which dissolves when warmed, bnt separates again ou COoBag. 
Heated with caustic buyta it yields barium bromide and the barium salt of 
isoKiuybntyrie add (perhaps identical with dimethoxalic add, ir. 2T4)« whidi^wlita 
separated from its tmrinm salt bj sulphuric add, is mystalJUsable, melts at 9^, 
solidifiee at 76®, mod sid>ltiBes bekrw 100® hk long seedlstf OMOftowuilkjtf). ^ 

Bihrompbuiyri^ aeidl is fuMiked by bsadagamixtur# of I M 0^ 

ypL} bstyvie add mnd 4 ah (t Y^)1iK«ipiilas^^(^^ 1 moL iimiwlnmmdmty^ 
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2 at. broraino) to 140<^-160® for six or eight hours in strong sealed tubes. Aftw 
purification it is a light yellow oil having a peculiar aromatic odour, a sp. gr, of 1*97, 
Mlublo in 30 pte. water, becoming buttery at -15®, decomposing before it boils 
(Schneider); boils at 160^ under a pressure of 3 mm. of mercury (Priedel a. 
Machuca). According to Cahours {Rep. Chim. pure^ iv. 146), dibromobutyric cwjid 
obtainofl as above, crystallises in thin colourless prisms melting at 45®-48®, boils 
under ordinary pressure at 232®, with partial decomposition, and is converted by 
treating its alcfmolic solution with hydrochloric acid ^s, into ethyl dibromobutyrate 
boiling at 191®-! 93®. By zinc ana dilute sulphuric acid, dibromobutyric acid is 
converted into butyric acid. Its salts resemble those of monobrrjmobutyric acid. 
The bromotriconic acid of Cahours, obtained by the action of bromine on potassium 
citriiconate (i. 693), is isomeric, not identical, with dibromobutyric acid (Schneider). 

By heating 1 mol. dibromobutyric acid with 4 at. bromine to 160®-180®, there is formed 
a light brown viscid liquid, which gradually deposits needle-shaped crystals, easily 
soluble in ether, and probably consisting of tetrabromobutyric acid (Schneider). 

Cblorobutyrio .acids. Monochlorohutyric acidy C^H'CIO^ is formed, together 
with more highly chlorinated products, bypassing chlorine into butyric acid containing 
a little iodine. On distilling the thick liquid thereby prtKluced, till decomposition 
sets in, a distillate is obtiiincd contjiining butyric and chlqrobutyric acids, and by 
fmctional distillation a portion nmy be separated which boils at 200®-210®, and on 
cooling yields monochlorobutyric acid in white prismatic needles. The product is 
however very small. Chlorobutyric acid dissolves easily in hot water, and crystallises 
therefrom in slender fioxible n^^edlos. It melts at 98°-99®, solidifies again at 93®, 
Hubhmes at 80® in white iridoscont laminse, and volatilises parfially under the air- 
pump at ordinary temperatures (Morkownikoff, Ztitschr.f. oUm. [2] iv. 621). 

Dichlorobiityric acid, C^PCl-O'^ is formed by the action of chlorine on 
butyric acid in sunshine (i. 694). If the action of the chlorine bo assisted by heating 
the butyric acid, first in the water-bath, afterwards to the boiling point of the acid, a 
white sublimate is formed in the nock of the retort, consisting of carbon trichloride 
C*C1* (Naumann, Ann. Ch. Pkarm. cxix. 120), 


SVSmtlO AXiBSBTXIB. C^K*0 = CjO" . — This compound is obtained, 

together with propionic aldehyde, by heating a mixture of calcium formate and 
butyrate in equivalent proportions. The prmluct, after treatment with lead oxide and 
calcium chloride, is resolved by fractional distillation into propionic aldehyde boiling 
between 64® and 63®, and butyric aldehyde boiling between 73° and 77®, identical 
therefore with the butyric aldehyde which Quckolberger obtained by oxidation of 
fibrin, albumin, and casein (i. 689). It has a sp. gr, of 0’8311 at 0°, is less soluble in 
water than propionic aldehyde, and on exposure to the air is quickly converted into 
butyric acid. Isobutyl alcohol (from fusel-oil), oxidised with chromic acid, also yields 
a butyric aldehyde boiling at 70®-78®, together with propionic aldehyde, propionic 
acid, and butyric acid (Michaelson, Ann, Ch. Pharm. cxxxiii. 182). According 
Pierre a. Puchot {Compt. rend. Ixx. 434), butyric aldehyde obtained by oxidation ^ 
isobiityl alcohol boils at 74®, and has a sp. gr. of 0 8226 at 0°, 0*7919 set 27*76®, and 
0*7638 at 60*4®. 

nwrnjx, or (C‘H^O)* = (Freund, Ann. Ch. 

Pharm. <^viii. 33). — Produced by tlie action of sodium-amalgam on butyryl chloride, 
or of zinc on the same compound mixed with ether. To prepare it, butyryl 
chloride is gently heated with an amalgam of 1 pt. sodium and 2 pts. mercury, and 
the viscous mass which separates is freed by distillation from excess of butyiyl 
chloride. On treating the residue with water, an oily layer rises to the surface, 
consisting of impure butyryl, which may be purified by agitation with solution of 
potassium carbonate, drying over calcium chloride, and distillation, the portion which 
goes over Between 245° and 260® 1)eing collected apart. Butyryl thus obtained is an 
aromatic oil, slightly soluble or insoluble in water. Heated with potash, it yields 
potassium butyrate, and an aromatic liquid which passes over on fractional distillation 
between 176® and 186®, and exhibits the composition of butyrone, C’H'HI, but boils 
at a higher temperature, and does not unite with alkaline bisulphites or with 
lunmonta. 

BVTYR Vli CSXiOltZBR or smmtXO onORXBS, C^H^OCl, is decom- 
posed at a gentle heat by aodium-amaiaamy yielding bntyryl (or dibutyryl), C*H*K>* ; 
^so in ethoroal solution by granulutea sinc^ accorSng to the equation : 
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4C«H^C1 + S(0*H*)0 + Zn - ZnCl* + 2C*H*01 + 2C*H'(0*H‘)0« + 

BstTtle BUiyl Bthyl Bthyl bntynte. Batyryl. 

ehlorida. oxide. obloride. 

(Fnund, Jnn. Ch. Fhtrm. exriii. 3S.) 

With it ^elds ethyl-butyryl or othyl-propyl ketone (Popoff, Zetuchr. f. 

C»e«. [8] iv. «19). 

2C*H’COCl + Zn(C’H*)« - ZnCT* + 2CO|J<,jJ,. 

Isohutyric chlorids, formed, toother with isobtttvric oxide, by the action of 
phosphoric oxychloride on sodium isobutyrate, is a colourless liquid, boiling at 92® 
(butyric chloride boils at 96®), and decomposed by water (MorkownikoflT). 

smmtxo OUl>B or JLVBTSXZI^B. (C*II’0)*0. Preparation and pretties 
(i. 694). — Isobutyric oxide, formefl as above mentioned, is a colourless liquid, 
lighter than water, boiling at 180®-! 81® (butyric oxide boils at 190®), and converted 
into isobutyric acid by warming with water (MorkownikoflT). 

Butyro-hypochloroua Oxide or Butyrate of Chlorinet ^ ^^^|o,i8omorio 

with chlorobutyric acid, is prtwlucod by exposing butyric oxide in a well-cooled 
vessel to the action of gaseous hypochlorous oxide : 

(c*n^o)*o -H ci*o « 2(C<n’0)cio. 

It is a yellowish liquid, which detonates when heated, is slowly decomposed by light, 
and is anah^us in its chemical relations to acetate of chlorine (p. 25) (^niitsen- 
borgor, Eip. Chim. pure, iv. 268). The corresponding (C*jEI’0)BrO, 

a colourless explosive liquid, is produced by the action of bromine on the chlorino- 
eomjwund (Schiitzenborger), or on silver-butyrate (Borodine, Ann, Ch. PJiarm. cxix. 
121 ; Zdtackr.f. Cheni. [2] v. 342). ^ 

Trxbutyro -hypoiodoue Oxide or Iodine Trihuiyrate, is 

formed by mixing iodine chloride with an cy^uivalont proportion of sodium, potMsium, 
or zinc butyrate, or by gradually ad<ling iodine to butyro-hyi^hlorous oxide, or bettor 
by passing hypochlorous oxide into butyric oxide mixed with iodine till the latter 
rlisiippears. The resulting fl^K'culent precipitate dissolved in acetic oxide at 60®, 
crystallises therefrom in slender white needles. It is not altered by light, but when 
heated is quickly decomposed into iodine, carbon dioxide, and propyl butyrato 
(Schutzenberger). 

BVZnra. See Bkbirine (p, 255). 


C 


CBBSCnnuc. On the extraction of cadmium from zinc-blonde at Engis in Belgium, 
see Btadelor {J.pr, Chem. xci. 359 ; Jahresb. 1864, 769). 

The solution of cadmium in acids is greatly facilitated by addition of a small* 
quantity of platinic chloride. The combination of cadmium with bromine and 
itxline is likewise ieuiilitated by the presence of platinum (Alberta, Jakretb. 1865, 
p. 242). 

The following table exhibits the solubility of cadmium chloride and iodide 
at different temperatures, as determined by Kremers {Pogg, ciii. 57 \ Jdhftih, 1858, 


p. 40): 

At 20® 

40® 

60® 

80® 

100® 

1 pt. CdCl* dissolves in 0*71 

072 

0*72 

0*70 

0*67 pt water 

„ Cdl* „ 1 08 

1*00 

0*98 

0*86 

0-16 


Kespocting the spocifle gravities of solutions of cadmium chloride, bromids, and 
iodide of various strengths and at diflferent temperatures, see Kremers («7Si5»w5, }859« 
p. 41; 1859, p. 49 ; 1860, p. 46). , ^ V 

Cadmium oxide may be obt^Moed in rod crystals, apparently psating 

the amorphous oxide to whiteness for two or three nours in a poreewn tube 
throng which a stream of OBmaa is passed. The oxide meltib voktiliMi, 
condenses at the cold end of ^ Me; Uie best crystals are i^ined hy 
a pl^ of asbestos at that end 
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A compound of cadmium oxide with potasmm oxide is obtainod by saturating j^oned 
potassium hydrate with cadmium oxide, and adding cold potashrloy to the ^Mied mass 
till the resulting precipitate becomes permanent. The solution on coplipg yields 
crystals of potassium hydrate enclosing the potassio-cadmitf oxide, and on dijsoliring 
them in water, the latter compound remains in hydrated crystalline scak?s having, a 
pearly lustre and the colour of lead iodide. It is insoluble in water, but is decomposed 
by prolonged contact with water, with separation of cadmium hydrate (St. Meunier, 
Compt rend. Ixiii. 330). 

CJBBXinif. Occurrence, and separation from rubidium (i. 1113 ; iv. 126). 

Stannic chloride added to a solution of the chlorides of sodium, pobissium, lithium, 
rubidium, and csesium containing free hydrochloric acid, forms a heavy white precipi- 
tate consisting of nearly pure casio- stannic chloride^ Sn‘*'Cs*Cl* ; and by dissolving^is 
precipitate in hot water acidulate^l with hydrochloric acid, ev<iporating till crystals 
form on the surface, and leaving the solution to cool, the salt is obtained perfectly 
pure. This reaction affords an easy methotl of detecting caesium in a mixture of 
! ikalino chlorides, and of propuring pure caesium-comjxiumls ; but it is not adapted for 
quantitative analysis, as the precipitate is not formed ki a neutral solution, and is 
soluble to a slight extent in concentrated hydrochloric acid (J. P. I^harplos, Sill. Am. 
J. [2] xlvii. 178). 

According to Dobray {Bull, Soc. Chim. [2] v. 404), caesium — as well as potassium, 
rubidium, and thallium — is precipitated by phosplioniolybdic acid. 

OJLWXXDXJVII. See the next article. 


OA»*Xir* or TBSXarS. This base has the composition of 

methyl-theobromine, C’H^(CII*)N'0‘^, and may bo formed synthetically by treating 
the silver-compound of theobromine (v, 761) with methyl-iodide: 

C’H’AgN^O^ + cun = Agl + C^IP(Cn»)N<0* 


(Strecker, Ann. Ch. Pharm. cxviii. 151). For the relations between xanthine, theo- 
bromine, and caffeine, see Xanthink (v. 1051). 

Caffeine has been found in the seeds of the Kola-troo of West Central Africa 
(Cola acuminata) to the amount of 2-13 p. c. of the dried seed (Attfield, Pharm. J. 
2>u» 8. [2] vi. 257). 

C. Grosschoff (Jahreeb. 1860, 471) describes a method of preparing caffeine on the 
largo scale from tee, by heating the concentrated aqueous decoction with litharge, 
evaporating the decanted liquid to a syrup, and treating it with pearlash and 
alcohol. 

To estimate the amount of caffeine in tea-leaves, Claus (Jahresh. 1 863, p. 708) exhausts 
them with ether; distils off two-thirds of the ether; agitates the residue repeatedly 
with dilute sulphuric acid; supersaturates the colourless caffeine-solution with 
magnesia ; evaporates to dryness ; and extracts the caffeine from the residue by ether, 
which on evaporation leaves it in white crystals. Tea-leaves, after exhaustion with 
ether, still yield a small quantity of caffeine to alcohol. Claus finds that the inferior 
commercial sorts of tea are richer in caffeine than the finer and more fragrant 
sorts. 

^ffeine evaporated to dimness with a little chforine^water yiatdiB a purple-red 
residue which becomes golden-yellow when more strongly heated, but red again on 
addition of ammonia. By this reaction, caffeine may be detectod^ven in a single 
coffee-bean (Schwarzonbach, Jahreab. 1 86 1 , p. 8 7 1 ; 1 865, p. 730). Caffeine forms with 
phMphomolpbdw acid a yellow precipitate which dissolves without colour in ammonia 
(J. Trapp, ibid. 1863, p. 702), 


lodini'^aompounds of Caffeine (Tilden, Chem. Soc. J. [2] iii, 99 ; iv. 145). 

A solution of caneine in dilute alcohol strongly acidulated with hydri^icacid deposits 
after a few days, especially in sunshine, long prisms of caffeine h vdrotri-iodido 
2(C*H’*N^O*.HI*).3ir^O, having a green metallic lustre and exhibiting the same 

Ytrtla'ncnnflr nmriArt.tAa Ajci TTnmrknfK'a milnlinfA aC . i. i . 


iodine in hydriodic acid, and recrystallising the resulting p^pitato from alcohol It 
forms ^rown shining scales permanent at 100\ When caffeine is heated for a ah^r 
time with ethyl iodide, pa^ of it remains unaltered, and after the ethyl-eafihiiie has 
been precipitated with iodine, the solution d posits monohydrated ca^ne hvdiotsi- 
lodide,C*H**NW.HI» + H»0, in shining crystals. fonns with eafifeiBe 


•vw.vip,v> XU V/ ..JJLJ. T XI. Vf mn 

Hie compound C*H»*N*0*.CH*I, which dissolves eamly in water, and when 
tqueous solution with rincture of iodine, is converted into tlie tri-iodated 



An acidulated aolutiim of cafibina hydrocblonde auxad inth 
aquaoaa iodimt moniMcride, ^delds ^th« compound 0*H**KH>* . HC1U» in^cryatalt which 
aiqpcar to be obliquely iambic. 

Bromo caffeine . — Ohffoine forms with bromine a lurick-red pulp* which on 
further additmu of bromine dissolves in the hydrobromie acid prrauc^; and on 
expelling the excess of this acid and adding ammonia, bromocatieine, is 

obtained as a flocculent precipitate, whilst a crystallisable substance not yet examined 
remains in solution. 

Nitroeaf/einet C*H*(N0*)N*0*, is formed, together with a resinous substance, on 
evaporating caffeine writh excess of strong nitric acid, and crystallises from hot water 
in yellow laminae. By prolonged treatment with nitric acid, another ciystallisable 
body not yet examined is produced (Schultzen, Zeiiachr.f. Chetn. [2] iii. 614). 

Basee produced hy the action of Alkatie on Caffeine i 1. Caffeldiao, C'H**N*0 
(Strocker, Compt. rend. Hi. 1269. Schultxen, loc. cit .). — When caffeine is boiled with 
baryta-water, barium carbonate is precipitated, while methylamine and ammonia, 
resulting from another reaction which goes on simultaneously (vid. disengaged ; 

and on removing the still dissolved Iwiryta with excess of sulphuric acul, and evapor* 
ating, caffeidino sulphate, C‘H*^N*O.H*SO*, is ubtainea in colourless prismatic 
crystals (Strecker). The same salt may bo prepirod by boiling caffeine for five or six 
hours with excess of alcoholic potash, removing tlio potash with alcohol containing 
sulphuric acid, evaporsiting the alcohol, saturating with dilute sulphuric acid, and 
concentrating the solution. (Schultzen). lly decomposing it with barium carbonate, 
caffeidino is obtaino<l as an amorphous dulK^ucscont mass, easily soluble in alcohol, 
sparingly in ether (Strecker). It i.s oxidise<l by moist silver oxide at ordinary temper- 
atures, wheroa.s cjiflfeine is not altoro<l by the same reagent oven at the boiling hwit. 
A solution of c»iffeidino strongly acid ulalixl with sulphuric acid, forms with pXenpAe- 
iungsiic acid^ a white focculcnt precipitate whicli dissolves on boiling, and cryatallises 
out on cooling in girnot-rofl cubes (Scbultzon). 

The formation of caffeidino from c^iffuino is representotl by the equation : 

+ IPO « + C»1I'!»N«0. 

2. Saae C'll’NO^, Isomerio with Alanine. When caffeine is boiled with 
barj'ta-water for some hours, the solution is found to contiiin — besides caffeidine— 
fiUTuic acid and another oiisily (hcompisible Ixxly, tr>gether with unaltered caffeino. 
If the boiling be continued for 60 hours, with excens of concentrate<l barytit- water, till 
ammonia is no longer evolved, the solution then freed from excess of baryta by 
cjirlsmic acid, ovaponite<i to a synip, mixed with absolute alcohol (which throws down 
barium ftjrmate), then with a little sulphuric acid to remove baryta, and evaporated to 
a syrup, the base, C*H^NO*, separates out, and may bo obUvinod by rocrystallisation 
from alcohol in largo neutral deliquescent crystals. Its formation is represented by 
the equation : 

+ 6H*0 = C>H»NO» + ClIO^ + CTI»N + NU» + 2GO». 

Caffeine. lao-alaninc. Formic Moihylamino. 

ucitl. 

Its hydrochloride, CTl'NO*.HCl, has an acid reaction, dissjfvos easily in water 
and in alcohol, and crystallises in long colourless needles; the ctdphaic, 
(C^Il’NO*)*.H*SO*, is nearly insoluble in alcohol, and crysttillises with difficulty in 
rhomlK>hoclrons pornmnont in the air. 

By treating the hot aqueous solution of this base with nitrous acid, a syrupy nUroco^ 
c*>mp*mnd, C*II‘^N0*)0^, is obtained, the calcium salt of which, [C*iP(N0)0*J*Cft.H*0, 
dissolves easily in water, sparingly in alcohol, and crystallises in long thi<A needlctf 
(Schultzen^. 

Iso-alamne is distinguished from alanine by its crystalline form, and by the 
characters of its hydrochloride and sulphate. From caffeidino it is distinguished hy 
yielding with phosphotungstic acid a compound which forms large ooknirless crystals^ 
whereas the corresponding compound of eaf^idine forms red crystals. 

C A Kaya eemegaleneit or Swietenia ecncgalencU, A trse of th# 

cedrelaceous order, growing on the banks of the Gambia, and on the lowlands of tlui 
peninsula of Gape de Verde. Its bark is very bitter and is much prized by thsnativiii 
for its fobrifdge pcoperties, on whi^ account it has been eallcd the etn e h em a qf 
SenoMl, Ito wood resembles mahogany {ffwietenia makogtudf^ and is used in amlcfaig 
the nner kinds of fanuture. 

The bark ooatmos, amoaglt othsa^nlihstaiices, an sxtsemely hit^, nsutzal inafaiopn 
aubstaoce called call-ecdrin* to adiidi its aetivs properties ^^peair to be dOA 
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C5aIl-codrin is insoluble in water, but soluble in alcohol, ether, and chloroform. It is 
obtained by repeatedly exhausting the coarsely pulverised bark with boiling water ; 
evaporating the dltered liquids over the water-bath to the consistence of a soft 
extract ; exhausting this extract with alcohol of 90 p. c. ; precipitating the aleoholic 
filtrate with basic lead acetate; filtering; distilling off the alcohol; and agitating 
the residue with chloroform, which dissolves nothing but the bitter principle : 1 kilo- 
gram of the bark yields about 8 milligr. of cail-cednn (Caventou, J, Pharm, fSl xvi. 
355 ; xxxiii. 123). 

OAXlfCBTXSr. See the next article. 

CAZMCXC ACZB or OaSmoTK. This substance, obtained from 

cainca-root (i. 718), is resolved, by boiling its alcoholic solution with addition of water, 
into caincetin, and a sugar isomeric with glucose : 

C<oH«<0*« + 3H^O « C«H«0» + 3C«H'20«. 

Caincetin separates from alcoholic solution in indistinct crystals. When fused with 
potassium hydrate, it is resolved into butyric acid and caincigenin, a 

substance which is homologous with aescigonin, and with the body C"H**0*, 

sometimes found in horse-chestnut seeds, aud resembles those substances in its 
properties : 

+ 3H®0 = 2C‘II"0® + 

Caincic acid in contact with sodium-amalgam and aqueous alcohol, dissolves to a 
brownish liquid, from which dilute sulphuric acid throws down a crystalline substance 
having the composition : 

+ 2U* = + C*H*0® + H®0. 

When the alcoholic solution of this last-mentioned substance is heated with fuming 
■hydrochloric acid, a gelatinous body, C‘*n**0®, is formed, more soluble in ether than 
in alcohol (Rochleder, Chem. Ixxxv. 275; cii. 16; Jahresh. 1862, p. 688; 1867, 

p. 749). 

CAXiOZVSf« The solubilities of the chloride, bromide, and iodide of calcium have 
been determined by Kromers (Pogg. Ann. ciii. 57 ; civ. 133 ; Jahresh. 1868, p. 40). 
The following table exhibits the quantities of water required to dissolve 1 pt. by weight 
of the anhydrous salts, at different temperatures : 



Chloride 

Bromide 

Iodide 

0° 



0'80 

0-52 

10-2 

1'58 

— 



20 

1-36 

0-70 

0-49 

40 

0-83 

0-47 

0-44 

43 

— 

— 

0-36 

60 

0-72 

0-36 

— 

92 

— 

— 

0*23 

106 


0-32 

' — 


According to G. J. Mulder {Jahresh. 1866, p. 67), 100 pts. water "dissolve 63 pts. 
calcium chloride at 4° and 66 pts. at 7®. 

In the following table, column A denotes the quantities of the same three salts in 
100 pts. water ; column B, the specific gravities of the solutions at 19’5®, the sp. gr. 
of water at that temperature being taken for unity (Kremers, Pogg. Ann. xeix. 436 : 
civ. 133 ; Jahre^. 1867, p. 67; 1868, p. 40), 


Chloride 

Bromide 

Iodide 

A 

B 

A 

B 

A 

B 

6*97 

1*0545 

17*66 

1*1386 

24*3 

1*1854 

1258 

1*0954 

35 43 

1*2660 

52*7 

1*3786 

23*33 

1*1681 

66*91 

1*3983 

824 

1*5558 

86*33 

1*2469 

7704 

1*5214 

106*6 

1*6845 

60*67 

1*3234 

102-66 

1*6517 



62*90 

1*3806 



1 
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The rate of expansion by heat of solutions of calcium chloride of various strengths 
has been determined by Gerlach {Jahresb. 1859, p. 47). The following table shows 
the volumes at different temperatures of solutions of this salt containing in 100 pts, 
the quantities of salt standing at tlie heads of the several columns, the volume of each 
solution at 0° being taken as unity. The last number (braeketed) in each column 
denotes the boiling point of tlie solution: 

Calcium Chlohidk. 



10 

20 

yo 

40 

0® 

1*0000 

1*0000 

1 0000 

dOOOO 

10 

10()17 

1 0027 

1*0033 

1-0043 

20 

1-0043 

l*t>0()0 

1 0072 

1-0089 

30 

1-0075 

1*0096 

10114 

1*0136 

40 

1-0112 

1*0139 

1*0159 

1*0183 

60 

1-0155 

10183 

1 0205 

1*0231 

60 

1*0205 

1 0231 

1*02 52 

1-0280 

70 

1-0259 

1 0280 

1 0300 

1-0329 

80 

10314 

1-0330 

1 0.M8 

1 0377 

90 

1 0373 

1 0382 

1 031)7 

1 04-24 

100 

1 0429 

1*0132 

1*01 17 

1 0172 


1*0442 

1*0156 

1*0196 

1 *0557 


(101*4®) 

(104*2°) 1 

{109-7°) 

(118°) 


On tlie rate of expansion of solutions of calcium chloride, bromide, and iodide, see 
also Kremers {JaJirtab. 1858, p. 40 ; 1859, p. 49). 

The following methixls of preparing calcium iodide are recommended by R. 
Wagner (Chem, Centr. 1863, p. 143 ; Jahnab. 1802, p. 132): 1. Addition of imliiio 
U) an aqueous pulp of calcium sulphite and hydrate. — 2. Ajlilition of iislino, to 
saturation, to calcium hyposulphite stirriHl up with water, whereby a mixture of 
ciilciura iodide and tetrathionato is forme<l, which may bo u.sed lor technical purposes 
(chlorimetry for example) insUad of jxitasHium io<lide. — 3. Mixing f)f‘ iodine, ilricly 
divided or dissolved in hydriodic achl or potassium iodi<io, with calcium nitrite and 
hydnite, whereby calcium i(xlide and nitrate are produced : 

(NO^y^Ca + 2CaUW + 2P = (NO^y-Ca + 2CaI-' + 2ir^O. 

The last portions of nitrite are not however convertixl int4) nitrate. — 4. Addition of 
finely divided iodine to a concentrated mixture of arsenious oxide and milk of lime. 
The iodine then dissolves, with formation of insoluble arsenate, and soluble io<lide of 
ciilcium. When the reaction is complete, the filU*.red solution of calcium imlido is 
quite free from arsenic. The ar8oni<»uH oxide may bo replaced by antimonious oxide 
(pr^ipitated from the chloride b^ sodium airbonate). 

For Liebig’s method of propiiniig calcium iodide, and applying it to the preparation 
of potassium iodide, see Potassium Iodidk (iv. 704). 

Calcium Oxyaul^hide . — According to P. W. Hoffmann {Compt. rend. Ixii. 
291), a nondgnit^ mixture of 2 mol. calcium sulphide and 1 mol. lime does not 
form oxysulphide when lioilod wdth water ; but at a red heat the same mixture is 
conyo^od into an oxysulphide having the composition 2CaS.CaO, any laiger 
luldition of lime remaining uncombinod. This oxysulphide is contained in recently 
lixiviated soda residues. 

Alloy of Calcium and Zinc . — Calcium fused with a large excess of zinc forms 
an alloy, CaZn'*, which crystallises in quadratic octohedrons of sp. gr. 6 37, It if 
decomposed by water (G. vom Hath, Zeitifckr. f. Chem. [2] v. 665), 

CA.X.cmV8 or CBB3«Z0AX OFBBBTXOITS. Sco List of Memoirs at tha 
end of the article Chemical Actiok. 

CAJW^SOCAJUIOVXO BOSB. » C**H'*0 . CO».— When a solution 

of camphor in a hydrocarbon (toluene or 1>enzene) is treated with sodium, the metal 
dissolves without evolution of hydrogen, and a solution is formed containing sodium 
camphor and sodium bomeol : 

2C»*H**0 + Na» w C**M‘»NaO + C>»H''NaO 

Oanmhor. Sodium Sodium 

omupbor. txiroeol. 

flSMp. -CC 
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On passing a stream of carbon dioxide into this solution, both of these compounds 
take up CO*, forming sodium camphocarbonate, C"H**NaO* and sodium borneoh 
carbonate, C"H'’NaO* ; and if the resulting magma be treated ^th water, both 
salts dissolve, but the latter immediately begins to decompose, with separation of 
bomeol ; so that the aqueous solution decanted from the hydrocarbon becomes turbid 
and gradually deposits borneol. The camphocarbonate, on the other hand, remains 
undocomposed, and its clear aqueous solution separated from the borneol yields with 
hydrochloric or sulphuric acid a whit© precipitate of camphociirbonic acid. 

This acid is sparingly soluble in water, easily in alcohol and ether, permanent at 
ordinary temperatures, molts at 118^-119°, but begins to decompose even at this 
temperature; but on attempting to distil it at a stronger heat, it is completely 
resolved into camphor and carbon dioxide. After being once fused, it melts at a 
much lower temperature ; in fact a mixture of the pure acid with camphor melts 
below 100°. Camphocarbonic acid is monobasic; its lead salt is insoluble in water 
and in acetic acid (Baubigny, Zeitachr, f, Chem. [2] iv. 481, 647). 

CiklUPKOXiXC ACID. — According to Maliu {A7in. Ch. PJmrm. exlv. 

200), the potassium salt of this acid is produced by adding pobissium in small pieces 
to a boiling solution of camphor in 3 pts. of petroleum. This salt crystallises by 
evaporation in a vacuum in laminar crystals containing C'®H''KO*. 2H*0. The 
acid separated from it by hydrochloric acid forms white lumpy flocks, which may 
be purified by rocrystallisation from alcohol or by distillation. 

CAHSPKOR. — Ordinary camphor — the camphor of the Lauracese — 

might bo rcgardod, so far as its composition is concernod, as the aldehyde of borneol, 
(uojn»o, and it is produced by oxidising borneol with nitric acid. Nevertheless, it 
does not exhibit the characters of an ahlchydo ; for, as shown ])y Fittig a. Tollens 
(Aw«. Ch. Pharm. cxxix. 371), it does not unite with alkaline bisulphites; it is not 
converted into borneol by nascent hydrogen, nor into campliic acid, by direct 

oxidation with nitric aci<l (the pnxlucts of that reaction being camplioric acitl, 
and caniphrotic acid, (’“IPO*) ; and it is not oxidised by a mixture of 
potassium dichroniato and sulphuric acid, even when heated therewith for a long 
time in sealed tubes. 

Camphor, or a substance isomeric with it, is formed, together with other products, 
by oxidising rectified turpentino-oil with aqueous potassium permanganate, or by 
atmospheric oxidation of i*ampliono, (preparoil from the monohydrochloride, 

HCl), in contact with platinum-black, also by chromic acid (Berthelot, Compi, 
renti. xlvii. 266; Ixlv. 3*j ; Jahreab. 1868, p. 441; 1867, p. 337; An7i. Ch. Phtirm. 
cl. 374). 

The crystals of cjimphor belong to the hexagonal system. Well-deflncd crystals 
obtained by very slow sublimation at ordinary temperatures exhibited the com- 
bination oP . QoP . P ; angle oP ; P *» 118*9° (Descloizoaux, Ann. Ch. Phys. [3] Ivi. 
219). 

Reactions. — 1. Tlie oil obtained by the dry distillation of camphor in contact with 
clay (i, 728) is a mixture of cymonowith unaltore«l camphor (Kraut, J. Pharm. [3] xlv. 
105). — 2. Camphor distilled with cine chloride yields, not merely cymene, as supposed 
by Gorhardt, but a mixture of several hydrocarbons of the aromatic series. The 
distillate, freed as completely as possible from undecomposed c.aniphor by repoatc<l 
distillation with zinc chloride, is resolved by fractional distillation (the portions 
boiling above 160° being distilled over sodium) into the following pi 3 [>ducts: a. Below 
100° a small quantity of li(;|uid containing oxygenated products (apparently including 
acetone), and perhaps a little bonzono. — /3. From 108° to 1 12°, chiefly toluen o. — 
y. From 138° to 143°, xylene. — 3. From 164° to 167®, pseudocumene or 
trimethyl benzene (p. 296). — «. From 173° to 176°, cymene with a small 
qtpatity of psoudocunieno . — C From 186° to 188°, laurene, C”!!** (Fittig, Kobrich, 
a. JTilke, Ann. Ch. Pharm. cxlv. 129). According to Lippman a. Louguinino {Zeitschr. 
f. Chem. [2] V. 413), the portion of the distillate boding between 140° and *240° 
contains also crosol, C^ll“G, wliich may be dissolved out from it by potash ; also 
phenol (Rommier, Compf. rend. Ixviii. 930). — 3. Camphor heated with phosphorus 
pentasnlphide is almost wholly resolved into water and cymene (R. Pott, p. 302) : 
6C‘*H‘«0 + P*S» = 5C«H** + P*0» + OH’S. 


4. Camphor triturated with an equivsvlent quantity of phosphorus p^tacJdorids is 
converted into a semifluid mass, which is resolved by very slow distillation into 
hydrochloric acid and cymene: 

C**H*»0 + PCI* * + HCl + POa» 

and 

c*®n»*ci = Ha + c»^H»^ 

(Louguinine a. Lippmann, BuH. Soo. Ckim. [2f] vii. 374). 
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6. For tba rmetion of camphor with nitrie arid and with ckromie acid, aee the 
eommencement of this article. 

6. Camphor heated to 200° with coocontratod hydriodic acid gives off a mixture of 
three hydrocarbons, viz. boiling at 136'^-i40° ; boiling at 163° ; and 

at 170°-176°. The two former take up bromine without giving off hydro- 
bromic add, and are easily oxidistnl, yioitiing thereby acetic acid, together 

with three other acids (Weyl, Zcitschr, f. Chem, [2] iv. 496). 

Brominatcd Derivatives of Camphor. — Camplnir unites directly with bro- 
mine, forming a compound Hr*, easily decomposeil by hoiit, by ammonia, and 

even by contact 'vnth the air (Ltiurcnt). Th. Swarts {lustit. 1862, p. 63) prt'pares this 
compound by mixing a saturated solution of camphor in chlon^form with an equivalent 
qxiantity of bromine ; the comiwund then partly separates after a few hours as a red 
powder, and the remainder is deposited from the mother- litjuor in beautiful orange- 
coloured prisms. 

The bromide C*"H**OBr* is resolved by heating to 100° in scaled tubes (Swarts), 
or by distillation (Perkin, Chem. Soc. J. [2J iii. 22), into hydn)broniie acid and 
monobromocamphor, C*®H‘*BrO. This compound may also be produced <lirectly 
by heating bromine and camphor in soaletl tubes for three hours in the water-bath 
(Swarts). It crystallises in transparent prisms v«‘ry much like those of ordinary 
sodium sulphate, having a faint odour of camphor, ainl a turpentiue-Iiko taste ; 
dissolves easily in alcohol and ether; molts at uixmt 76"’ and soliilifhis at 74°, or 
when left at rest, sometimes not till cooled to 64° (Perkin), to 36° (Swarts) ; boils at 
274° (Perkin; Swarts). It is not doeomposod by alcoholic potasli (Swarts). Heated 
with alcoholic ammonia to 180°, it decomposes to a slight extent, with formation of 
ammonium bromide and a peculiar Imse (Perkin). It unites with hydrtjbromic acid, 
forming an oily compound, 6U“'H“BrO . llBr. Heated with brfimino to 120° in a 
sealed tube, it forms, tfjgother wdth hydr<»hroniic acid, an oil tlie alcoliolic solution of 
which, when decolorised by animal charcoal, deposits sinning prisms of d i bromo- 
camphor, C^’H^Br’C. This latter compound smells like turpentine, has a bitter 
taste, is insoluble in water, and less soluble in alcohol than camphor or t lie mono- 
brominated compound. It melts at 114*6°, becomes liquid even under boiling water, 
and distils with partial <lecomposition at 286° (Swarts, ZtUschr. f. Chem. [21 
ii. 628). ‘ 

Chlorocamphory C'HP®C10, is produced by grmlually adding c^imphor to a 
motleraiely concontrateil solution of hypochlorous luud, and falls to the bottom as a 
liquid which ultimately solidifies ; 

+ ncio = 11*0 + o‘«H'^rio. 

After several rocrystallisations from dilute alcoliol, it forms white indistinct crystals 
having the smell and taste of camphor, and nearly insoluble in water. It molts at 
95°, decomposes at about 200°, with evolution of liytiroehloric acid ; is but slowly 
attivcked by nitric acid, even at the Imiling heat; and dissolves without alteration in 
sulphuric acid at ordinary temperatures. Its alcoholic solution mixed at the 
boiling heat with silver nitrate yields a precipit-vto of silver chloride (Wheeler, Sill. 
Am. J. [2] xlv. 48). 

Oxy camphor, C'*H**0*, isomeric or perhaps identical with camphic acid, is 
profluced (together with two other non -chlorinated compounds not yet isolated) by 
heating ^lorocamphor for several hours with alcfdiolic pjtash. It crystallises from, 
alcohol in white needles melting at 137*^, distils with vapour of water, may be' 
sublimed without decomposition, and has the smell and taste of camphor (Wheeler). 

Sodium-camphor. C'*H**NaO. — When a solution of camphor in nn inert 
hydrocarbon (toluene, for example) is earefully heated with so<lium Ui 90°, the MKUuilt 
dissolves, forming a mixture of sodium-camphor and sodium-borneol : 

2C»«H**0 + Na« - C*®H'»NaO + C»«H‘»NaO. 

The solution on cooling deposits very unstable crystals of soclium-camphor (Baubigny, 
Zeitcchr. f. Chem. [2] ii. 408 ; iv. 298). According to Malin {Jakreeh, 1867» P. 724), 
a boiling solution of camphor in petroleum treatetl with potassium yields, on 
evaporation in a raennm, crystals of potassium campholate, If this 

statement be correct, cymene should also be formed, according to the eqnatioil 
2C»»H'*0 «■ C**H**0* + but the formation of this hyorocarbon was not 

sctually obserred ; on the other ^nd, bosmeol was found to be poduced. 

The mixture of sodium-camphor and sodium-borneol obtained as abore yields, 
^i^hen treated with alcoholic Iodides, the oorresponding alcoholic dertvatives of 
camphw and bomeoL Ethyl-camp hovt C**H**(C*H*)0, is obtained by treatirw 
this mixture, or the crystals of sodi^-camphor dissolved in a hydroearbon, wiu 

c o 2 
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ethyl iodide, washing the product with water, distilling off the hydrocarbon, cooling 
the residue to —20° to separate the greater part of the unaltered camphor, 
and subjecting the remaining liquid to fractional distillation. It is a colourless 
liquid insoluble in water, soluble in alcohol and ether, boiling between 226° and 
229^, having a sp. gr. of 0 946 at 22°, and a dextrogyrate power of about 161*4° for 
the transition tint (IJaiibigny). 

The pfjrtion of the crude liquid obtained in the preparation of ethyl-camphor 
which distils between 19r>° and 210°, yields by repeated treatment with sodium, 
followwl each time by distillation, the ethyl-dcrivativo of bomeol, 

These ethylated derivatives of c-amphor and borueol are not attacked by phosphorus 
pentachlorido at ordinary temporatiiros ; ethyl-camphor is slowly acted upon at 100°, 
yielding a small quantity of ethyl chloride. Ethyl-camphor is insoluble in cold 
nitric acid, but dissolves at 100°, and separates out unaltered on cooling. Ethyl- 
borneol, on the other hand, is decomposc<l by nitric acid at ordinary temperatures 
with evolution of niti-ous acid vapours, the acid solution depositing camphor when 
mixed with water (Baubigny, Zeifachr. [2] iv. 4*81). 

Amyl-camphor, C’“ll'‘'(C*Il'*)0, obtjiincd by treating the mixture of sodium- 
camphor and sodium-borueol with amyl io<lido, boils at 277*5° (corr.) and has a 
dextr<j-rotatory power of r>9‘4°. Ainyl-borneol could not bo isolated from the product 
of the reaction. 

The same mixture of sodium -compounds tre.ated with methyl-iodide yields, on the 
other hand, m e t h y 1 -b o r uoo 1, ( ’'“ll'’(dP)0, but no methyl-camphor. 

Tins same mixture Il•(‘a1l^l with acetic anhydride, glacial acetic acid, or acetic 
Jv chloride, yi el its a c.c t y 1 - b o r n eo 1, C'®JI''(C-1P*0)0, which is optically inactive, and 
is resolved by [xjtash-h'y into borneol and acetic acid. No acetyl-camphor appears 
to bo formed in eitlier cast* (Baubigny, Zeitschr. [2] iv. 299, 481). 

When thl^ ])rotlucl. of the aciiou of stidium on camphor is treated with ethylene 
hromide, no t'thylems tleriva lives are formed, but the etli^yleno bremido is decomposed 
in the same manner a.s wljt'ti it is trt'ated with alcoholic potash, yielding bromethyleno, 
which hy furl her reaction on tlie sodium-cornpounds is converted into acetylene, while 
camphor and borneol are sot free: 

C«*ll»»NaO -H C'"ll‘’fNaO -t- 2C2IPBr* = 2NaBr + 2C«n»Br + 
and 

C‘®H'»NaO + C'®IP’NaO ^ 2C2H*Br = 2C*n“ + + Br*. 

‘NVhen a stream of oarbtmic acid gas is pjissod to saturation into the mixture of 
sodium-compound.s olitnincd a.s above, the sodium salts of camphocarbonic acid, 
and bornool-curbonic aci<l, are pmduced by direct addition of 

00'^. On adding water to the product, the smliuin salts dissolve, and the aqueous 
solution, if iinmediafely .separated by decantation from the hydnxrarbon, soon becomes 
turbid, and gnulually yield.s an abundant precipitate of borneol, resulting from the 
decomposition ot the very un.stal>lo bonicol-carbonic acid ; this reaction affords indeed 
an easy way of preparing borneol. The aqueous solution separated from the borneol 
contains the sodium camphocarbonato, and when mixed with sulphuric or 
hydrochloric acid, yields a precipitate of camphocarbonic acid (Baubigny, Zeitschr. [21 
iv. 482, 647). 

^ CiLMtPHOR ItESZHr. Camphor heated for three or four hours with alcoholic 
■tKitash is partly convertcil into a soft tough golden-yellow resin, C^H**0*, which 
becomes perfectly inodorous after prolongecl heating to 100° (L. Barth, Zeitschr, f, 
Chein. [2] iii. 508). 

— Blumenau {Ann. Ch. Pharm. Ixvii. 119) 
spDii^efl that when the crude acid produced by oxidising camphor with nitric acid 
heated very stnmgly to expel the latter, a viscous mass was produced, which he 
regarded as an isomeric modification of camphoric acid. Monoyer has, however, 
shown {J. P^rtn. [3] xlv. 177) that this substance consists of camphoric oxide 
or anhydride, To prepare camphoric acid, Monoyer boils camphor 

with 10 pts. of strong nitric acid and a few platinum-cuttings, renewing the acid* 
from time to time till the supernatant oily layer disappears ; then distils off the 
excess of nitric acid ; and heats the camphoric acid, which crystallises out in cooling, 
till white fumes begin to appear. The residual mixture of camphoric acid with a 
small quantity of tlio oxide may be wholly converted, either into the acid by 
boiling with water, or into the anhydride by distillation. If the same mixture be 
dissolved in hot alcohol, the solution yields on cooling, especially if a little water be 
added, nothing but camphoric oxide. 
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Camphoric oxide treated with barium dioxide and water, ia converted into the 
barinm-oompound of camphoric peroxide, (131*01110 ; see iv. 311). 

Camphoric acid heated to 200® with concentrated hydriodic acid, yields, together 
with carbon dioxide and free iodine, a hydrocarbon, C*!!'**, which docs not unit© with 
bromine, and is oxidised by prolonged heating with chromic acid mixture, to an . 
insoluble acid which crysttvllises in colourless needles (Weyl, Zeitschr. f. €hem. [2] 
iv, 496). 

The camphomtes of the alkali-metals yield by dry distillation, phorono or 
camphorone, C*H**0 (i. 733) ; but when fused with excess of caustic alkali, they 
yield chiefly three products, all of which are acids, one volatile consisting of butyric 
add (perhaps mixed with valeric), and two ftxctl — viz. a crystalline acid molting at 
il4®, and exhibiting the comp^isition of pimelic aoi«i, 0ni'‘0‘, and a liquid acid 
resembling Schwanert’s camphretic acid (lllasiwetz a. Orubowski, Zcitschr. f. Cficm. [2j 
iv. 508). 

Potassium C*®H*^0*K*, obtained by saturating a boiling solution 

of potassium carbonate with camphoric acid, cry sbiU isos with ditbeulty in tufts of 
dt'liiiuesceut crystals soluble in alcohol. The sodium salt prepared 

in like manner forms indistinct crystals which doli^juesco in moist air. The lithium 
salt C‘®ll‘*O^Li''' is a white powder soluble in an etjual weight of water, soluble also 
in alcohol. Acid camphorates of the ulkali-mctals liave not been obtaimd. 

Barium salts, — By Ixjiliiig camphoric add with exee.ss of barium carbonate, an 
add and a neutral salt are formed together, the acid salt crystallising out first. The 
n utrtd salt 2C’‘*H‘H')'Ba . Oll-'O cry.stallises in wavellitic ueedb's, soluble in an 
e<jual weight of water, sparingly soluble in alcohol, becoming aiiliyilnms at 120®. 
The acid salt . 2HK), or C*«ll»<0<Ba.0'«ll'«0‘ . 2lFb, obtained as , 

alxjve, or by dissolving camphoric acid in an equivalent quant ity of the neutral salt, 
crystallises in tufts of prisms soluble in 50 pts. of boiling and 120 pts. of cold 
water. When heated it gives off part of the cainjdioric acid, which sublimes. 
Calcium salts, — The neutral salt 9HH) is obbiincd by treating 

Ciimphoric acid with milk of lime, in crystalline crusts soluble iji 12 to 15 pts. water. 
The acid salt (C‘“H‘^O*)^0a is obtaim^ in largo arjhy<h‘ous prismatic crystals by 
Isjiliiig the neutral salt w'ith camphoric acid, einiporating t/) dryiU'SH, and crystallising 
the residue from a<|Ucous solution. A hydrated acid, salt, (C"Jl*'0^)'‘*Ca . 7 H*0, was once 
obtained in crystivllino crusts by boiling calcium carbonate, with aquisous camphoric 
aciil, evap<jrating to dryness, and crysbillising the redi.‘<solvi!d residue. By again 
boiling this last salt with calcium carbonate, crystalline crusts or prismatic crystals 
were formed, soluVile in 15 pts. water, and agreeing appn)ximati*ly with the formula 
2C'*ll'^0*Ca. (C‘®H'®0*)'‘*Ca , 8aq. The magnesium salt C'®Jl'H)'Mg, pro<1ucod 
by heating aqueous camphoric aci<l with magnesia alba, crystal lisi's, apparently under 
similar circumstances, with 7^, 12, and 13^ mol. water. The 7^-hy(lruto forms thin 
efflorescent tables soluble in 2-5 pts. water at 20®, and bectjming anhydrous at 120®. 

A dilute solution of the neutral stilt mixed with camphoric acid (Uqxmits the latter 
without forming an acid magnosium salt. Tho zinc ^ obttiined by 

precipitation, is a white sparingly soluble piwdor (K. Kemper, Arch. Pkarm. [2] cx. 
106; cxvii, 23; jahresb, 1862, p. 270; 1864, p. 403). Cupric camphorate 
heated to 200® gives off, together with camphoric anhydride and water, a hydro- 
carl>on which* lifter rectification over sodium, has the composition boils at 

10.5°, has a density of 0793, vapour-density 3’984 ; smells like camphor and^ 
turpentine-oil; is converted by hydrochloric acid gas into a green oil of smalt 
volatility; and is resinised by nitric acid (Moitossier, Jahresb. 1866, p. 410). 

XaMiotlwe CamptioHo Acid — Vurmoampborlo — is produced by oxi^^tiion, 

of optically inactive camphor (i. 729), or by mixing equal weights of dextro-campitfadft' 
and lavo-camphoric acids in concentrated alcoholic solution ; in the latter 
of temperature takes place, amounting sometimes to 30®, and the inactive itilld 
separates as a white precipitate. 

Paracamphoric acid crystallises with difficulty in forma belonging to the monoclinic 
sjstem, but not exhibiting hemihedral faces. It is less soluble than either of the 
oy>tically active camphoric acids; 100 pts. alcohol dissolve 33 pts. of it; 100 pte, 
ether 28 pts. ; 100 pts, water only 1 pt. ; and in chloroform it is still loss solubW 
The paracamphorates of the alkali-metals are easil^r soluble and uncrystallisable* 
The barium salt forms neo<Ue-shaped crystals, soluble in about 10 pts, of water. 

When 10 pU. of paracamphoric acid are boiled with 20 pts, al^luie alcohol Mid 
5 1 ^ s^phnric acid, and the liquid, then mixed with water, a viscid oil separatee, 
which is resolved b^ heat into ethyl paracamphorate and paracamphoric 
anhydride. On dissolving the mixture in boiling alcohol, the anhydride crystalliset 
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out, while the ether remains in solution, and may be precipitated by water. Pata» 
cam-phoric anhydride crystallises from chloroform in small needles ; 100 pts. chloroform 
dissolve 26 p'ts. of it; 100 pts. ether, 4 pts.; 100 pte. alcohol, only If pt. 
paracamphorate is a colourless strong-smelling oil, having a sp. gr. of 1-03 at 16^, 
and boiling at 270°-276°. Boiling potash-ley decomposes it, with formation of an 
inactive camphoric acid, different from that which was employed in its preparation, 
being pulverulent, unorystallisable, nearly insoluble, fusible, and subliming partially 
with loss of water (Chautard, Compt. rend. Ivi. 698 ; Jahreeb. 1863, p. 394). 

O.AJKPBRZ:xrS. — A product isomeric with phorone, formed by the 

action of sulphuric acid upon camphor. It was first obtained by Chautard (who 
assigned to it the formula i. 727), and has been further examined by 

Schwanert {Ann. Ch. Pharm. cxxiii. 298). To prepare it, 1 pt. of camphor is heated 
t<j 100® for five or six hours with 4 pts. sulphuric acid; the resulting solution is 
mixed with water ; the oil which rises to the surface is distilled : and the portion 
which goes over between 220® and 240® (the distillate of lower boiling point contain- 
ing a larger proportion of unaltered camphor) is heated nearly to its boiling point in 
a stream of hydrogen for four or five days, or till no more camphor is dep<38ited on the 
neck of the retort, then rectified, the portion boiling between 230° and 235® being 
collected apart. 

Camphrene is a nearly colourless liquid having a pleasant aromatic odour and a 
sharp taste, a sp. gr. of 0'9614 at 20® ; optically inactive; insoluble in water, easily 
soluble in alcohol and ether. From phorone, which resembles it in ita chemical reactions, 
it is distinguished chiefly by its boiling point, which is from 27^ to 30° higher than 
that of phorone (208°) ; a similar difference of boiling point is exhibited also by the 
corresponding derivatives of the two. Both phorone and camphrene are convert^ by 
phosphoric anhydride into hydrocarbons having the composition of cumene, C”!!'’*, 
that from phorone boiling at 150®- 160®, that from camphrene at 170®-175®. Both 
camphrene and phorone are oxidised by nitric acid to camphrenic acid. 

Methyl-camphrcne^ C“H‘^(CH'‘)0, is formed by adding sodium to a mixture of equal 
parts of camphrene and benzene in an atmosphere of hydrogen, till the sodium remains 
unaltered even when heated, and cohobating the solution with excess of methyl 
iodide. Water added to the resulting liquid separates a brown oil, from which, by 
repeated rectification, methyl-camphrene is obtained as a colourless aromatic liquid 
boiling at 225®-230®. 

Acetyl-camphrene is obtiiined in like manner, using iicotyl chloride instead of methyl 
iodide. It is a yellowish viscid liquid, having an unpleasant odour, a sp. gr. of 0*954 
at 18°, and boiling at 230°-24()°. Its analysis leails to the formula C‘“H'*^’(C*H^O)0*, 
from which it may bo inferred that the true formula of camphrene is and 

that of metliyl-camphrene C‘^H'‘'**(0H*)*0‘‘^. This double formula of camphrene is 
quite consistent with the difference of boiling point between camphrene and phorone, 
which seems to indicate that these aimpounds are polymeric with one another, rather 
than merely isomeric. 

CikXMCPRRSirzC AGIO. ? (Schwiinert, loc. «Y.).— Produced, by treating 

camphrene or phorone for a considerable time with 3 or 4 pts. of strong nitric acid, as 
a resinous mass w’hich may bo purified by solution in sodium airbonati, precipitation 
with an acid, and evaporation of the alcoholic solution, after deoolorisation with 
animal charcoal. It is white or pale yellow, tasteless and inodorous, nearly insoluble 
in water, oa.sily soluble in alcohol and ether, and crystallises in miciroscopic nodules. 
Heated to 250° it suffers partial carbonisation, and gives off the anhydride 
i,n white feathery crystalline groups. The barium salt C"H®O^Ba is a brownish-yellow 
amorphous mass easily soluble in water. The lead seUt C"H*0*Pb, and the Hlver salt 
C®H^O*Ag*, are white precipitates. 

C^AJWPHRBTZC AGZS, ? — An acid occurring, according to Schwanert 

{Ann, Ch, Pharm, cxxyiii, 77), amongst the products obtained by heating camphor 
with dilute nitric acid, and yielding by dry distillation pyrocamphretic acid, 
in the form of an oil ; motacamphretic acid, in tabular crystals ; 

and a sublimate of camphoric anhydride (iv. 756). The existence of this acid is, 
however, by no means well established. The acid itself and all iU salU and ethers 
'‘'We unciystallisable, and therefore their analyses are not much to be depended 
upon. 

OJUmSRTXi OaObORZlDB, <>H'*C1, is produced by the action of phoephoma 
pentachloride on camphrene. The distillate, washed with water and sodium carLmate 
and repeatedly rectified, yields camphryl chloride as a colourless neutral liquid of sp. 
gr, 1*038 at 14® and boiling at 206 . The isomeric compound, phoiyl or camphoiyi 
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elilonde» boils »t 176®. Camphirl chloride is not decomposed by sodium ethylate 
(dchwaneTt> Jmh. Ch. Pharm, cxxiii. 298). 

CAWJLieOXw A term applied by H. Vohl to that portion of the volatile hydro- 
carbons of Canadian and Pennsylvanian petroleum which boils at 60® and has a sp. 
pr. of 0*660 to 0‘700. This liquid is recommended by Vohl, instead of carbon bisul- 
phide, fbr extracting the fixed oils of seeds pol. J, clxxii. 319 ; Jahresh, 1866, 

p. 893). 

CAJTiL&XinMC. The fixed oil of the Hast Indian plant, Canarium commune^ con- 
tains about 61 p. c. olein and 49. p. c. stearin and myristin. The oleic iicid obtained 
from it by saponification is identical with that from olive oil (Oudomans, J. pr, Chetn, 
xcix. 407). 

CjCLSTJL'ITSA. UTAJC. This wax, which forms a coating on the loaves of the Canaiiba 
tree of Bmzil {Coperfiicia ccrift ra), has been investigated by Maskelyne {Chrm, Soc. <J, 
[2] rii. 87). It is light yellow with a tinge of green ; considerably hanler than beeswiix 
at ordinary temperatures ; melts at about 84® ; has a sp. gr. (»f 0‘y9907 ; and leaves 
about 014 p. c. ash when l>urnt. By saponificatiitii with alcoholic potash it yields a 
considerable quantity of myricyl alcoln)l, or C**ll'’*0), melting at about 88®, 

which exists in the wax in the free state, niul may also bo dissolved out from it by 
alcohol. By treating this alcohol in the fuse<I stJito (at 120®-! 36®) with phosphorus 
aad iodine, it was converted into an io<lide, or insoluble in other and 

molting at 67^ ; and another substance melting at 70®-76®, which wiis dissolved by tlio 
ether. 'Withphosphonts pe/iiiu'h/t^ride it yielded a chlorinatod suhstance pridHibly consist.- 
ing of a mixture of the coinpo\md8 C*®II**C1 and or and 

lloated with sulphuric acid and tltcri saturated with alcoholic potash, it yielded a potas- 
sium salt agreeing with the formula C**I1«*K80< more nearly than with 

The wax also contains small quantities of other alcolnds, very <lifficult b> separate. 
By repeated crysUllisat.iou from benzol and ether, it appears to yield an alcohol 
C‘*1P"0, molting at 78®, an I a substinco melt ing at 106®. 

I^astly, the wax contains a mixture of several acids differing in thoir melting 
points, but very difficult to separate from a. resinous body wliich lulheres t/i them. 

Carnaiiba or Carnahuha wax, which coats liio leaves of Corppha cer\fera 
(i. 806), also a Brazilian tree, is probably the same as Cananha wax, inasmuch as 
it melts at about 84® and yiel<l8 by sajxmi flection au alcohol melting at 88®. Accord- 
ing Ui Berard {^ZeUiichr, /. Chcin, [2] iv. 416®), it also c^mbiins cerotic acid, which may 
lie dissolved out by alcohol. 

OAJrjrJkSnrau See the next article. 

CA.jrWAJBZ8. When Indian hemp {Cannnhis mdtra) is distilled in considerable 
quantity with an equal weight of watnr, an oil lighter than water is o)>t.aintKl, which at 
12® deposits small crystals, and is therefore a mixture of two suhsbinces, one liquid, 
the other solid. The liquid portion, cannabene, is colourless; has a p<)werful 
•Klour; bfiils between 236® and 240® ; distils in a vivcuum between 90 and 96® ; gives 
by analysis numbers agreeing with the formula and has a vapour-density of 

4 38 (calc. 3'99). When heated it appears to be partly converted into isomeric motli- 
fications which interfere with the exact determination of its boiling point and vapour- 
density. It dissolves with red colour in strong sulphuric acid, and is oxidisi^ by 
chromic acid, yielding acetic and valerianic acids, together with other products, 
f'annabene exerts a powerful intoxicating action, though in this respect it is less 
energetic than cannamn, the resin of Indian hemp (i. 734). The solid substanos 
which separates from the crude oil, as above mention^, crystallises from alcohol in 
small scales having a fatty lustre and a faint odour of hemp; it contains 84*02 p. 
carbon and 16'98 hydrt^n (Personne, «/. Pharm. [3] xxxi, 46). 

Oxycannabin, CJ*H*0*, is obtained by repeatedly treating the resinous extract of 
Indian hemp with nitric acid of sp. gr. 1*82 to 142 till the whole is dissolved, then 
evaporating the acid liquors, w'ashing the deposited substance with cold water, and 
crystallising it from hot methylated spirit. It forms loi:^, flat, white or slightly 
yellow prisms, tasteless, insoluble in water, slightly soluble in alcohol, soluble also in 
a^ in chloroform, insoluble in carlwn bisulphide and in ether. It dissolvM^ 
in hot nitric acid and separates unchanged on evaporation ; also in oil of vitried, 
solution blackening when heated. It is not alterea by brnlitig with moderately stioJ|f 
potash, soda, or ammonia ; its alcoholic solution ia neptral to test-paper. Heated 0f| 
^tinum-foU it melts and bums ; heated in a tube it melts at I76®-176®, and at n 
higher teaaperatiire snbUmes without residue in long asbostos-like needles. 

^Tfa e ac^ mothea'-ltqiiors of ozyeannabin left, on farther evaporation, an acid snbftiiaioe 
crystallisiitg in plates (Bolas a. Francm, Chem, Soc, J. [2J vii. 417). 
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CiUnrBAMBXXr. Acoording to Ferrer {JaTirmh, 1863, p* $97), thia substenc^ 
exists in all parts of cantharides, but most abundantly in the soft parts. From 20 
grms. of Mylabris pmtulata ho obtained 0 066 grm. cantharidin ; from other species of 
Mylabris, smaller quantities. 

Mortreux {J. Pkarm. [3] xM. S3) prepares cantharidin by exhausting pulverised" 
cantharides with chloroform (or ether) and treating the evaporated extract with carbon 
bisulphide, which dissolves the admixed fat, and leaves nearly pure cantharidin, to be 
finally purified by rccrysbiUisatkm from alcohol. By the use of a suitable displace- 
ment apparatus, tlio same process may be applied to the (j^uantitative estimation of 
cantharidin. According to Mortroux’s experiments, cantharides contain on the average 
0‘6 p. c. of cantharidin. A similar method of preparation and estimation is recom- 
mended by Fumouzo (idid. [4] vi. 161). According to Werner (Jahresb. 1867, p. 736). 
a quantity of cantharidin, larger by i to A, is obtained by treating the insects with ^ 
pt. finely pulverised heavy spar and dilute sulphuric acid, then quickly drying 
them over calcium chloride, with addition of pt. of burnt alum, and exhausting with 
ether. 

According to Bluhm (Zeiischr. f. Chem. [2] i. 67*> ; Jahresb. 1865, p. 571), cantha- 
ridin exists in aintharidos in two modifications, one soluble, the other insoluble, in 
alcohol, ether, and chloroform; but the insoluble modification may bo rendered soluble 
by treating the pulverised cantharides with an acid, or drying them mixed with water 
and calcined magnesia, and treating the dried mass with dilute sulphuric acid. When 
cantharides are dosicaited with magnesia, a crysfalline compound is formed, insoluble 
in alcohol, ether, or chloroform, and only partially soluble in water, but still possessofl 
of vesiccating properties. With baryta also ointharidin forms a compound sparingly 
soluble iu water ; with the alkalis, easily soluble compounds. Cantharidin does not 
volatilise with vapour of water or alcohol. 100 pts. of the following liquids dissolve at 
18 ° the quantities of cantharidin stated below : 

Aloohol Carbon blsnlphitto Ether Benzol Chloroform 

003 0’06 0-11 0-20 1*20 

For the estimation of cantharidin. 80 grms. of pulverised cantharides are mixed 
with water and 8 to 10 grm.s. of calcined magnesia, and dried over the water-I)ath ; 
the residue is suporsaturated with dilute sulphuric acid and shaken up witli etiier 
frequently renewed ; ortho mass is dried a second time andtreato<l with etlier or chlo- 
roform. The rwiduo of the ether or chloroform extract, consisting of cantharidin, fat, 
and a yellow substance, is treated with carbon bisulphide to remove the fat, and with 
alcohol to remove tlio yellow substance, and the residue is weighed, the quantities of 
cantharidin dissolved by the carbon bisulphide and the alcohol being estimated by 
calculation and added to the weight. By this method Blulim found in cantharides 
0'264 p, c. cantharidin, and in Mylohris quatmrdecimpustid^ita 0’486 p. c. ; in Af. 
melanura only a very small quantity. 

Dmgendorff a. Mosing {2!,eitschr. f. Chem. [2] iii. 464 ; iv. 308) have obtained a 
number of metallic <lerivativcs of cantharidin, mostly crysUUlisablo and represented 
in composition by the formulae and (C*il^O*)^]VI". The compounds with 

the alkali-metals separate in the crystalline form on heating cantharidin with the 
solution of an alkaline hydrate ; those of the alkaline earth-metals and heavy metals 
are obtained by double decomposition with the potassium compound, ’as sparingly 
soluble mostly crystallino precipitates. Those precipitates, however, are genemlly 
Biixed witK free cantharidin, so that their composition as determined by analysis 
is uncertain. 

According to Dragondf>rff {Zeitschr.f. Chem. [2] iii. 187)» cantharidin is not 
poisonous to all animals, and acts upon diiferont animals with various degrees .of 
intensity. 

Dragendorff finds also that cantharides contain a small quantity of a volatile body 
which passes over in distillation with water, and exerts the same physiological action 
as cantnaridin. 

CAOirrCBOVO. W. a. Miller {Chetn. Soc. J. [2] iii. 273) has made important 
observations on the altei’ation of caoutchouc (and of gutta-percha) by the action of air 
and water. Caoutchouc may be left for years in the dark, exposed to the air or under 
water, without much alteration, but if exposed to light and to the open air, and 
especially to the alternate action of air and water, it soon becomes glutinous, less 
elastic, and more soluble iu alcohol and dilute alkalis than unaltered caoutchouc. This 
change, which is duo to oxidation, hikes place more quickly with manufactured 
caou^ouc than with the less porous natural substance. The chemical nature of 
the change is shown by the following analyses ; A, of natural caoutchouc ; B, of 



CAPILLABITT. 


8d3 


manttfiictiired caoutchouc; C, of the portion of A (11*8 p. c.) which was di^Irod out 
by alcohol, after the caoutchouc had been exposed for nine months to air and li^ht : > 


A . 

Carbon 
. 8582 

Hydrogen 

nil 

Oxygen 

307 


100 

B . 

. 85-53 

12-06 

2-41 


100 

C . 

. 67-23 

954 

23-23 

» 

ido 


A similar result was obtained by Spillcr (ibid. 44) in a waterproof packing-cloth 
consisting of cotton and dissolved caoutchouc, which had been exposed to tlie air for 
six years. 

Caoutdiouc swells up aud dissolves with great facility in molting naphthalene 
(Klotzinsky, ZeUschr.f. Chcm. [2] ii. 127). 

CAJPXXiXiAJtXTT. According to Muscuhis Centr. 1864, p. 022; Jahresb, 

1864, p. 6), many substances, even in small quantity, exert nconsidemble intluonce on 
the capillarity of water, whereas others do not perceptibly alter it. To the class of 
8iibst<ijces active in this respect belong alcohol, acetic Jieid, the derivatives of alcohol 
which are soluble in water, also the biliary acids, and soap ; to the inactive class 
belong mineml acids, most salts, sugar, extractive mailers, and albumin. Musculus 
e.stimatos the force of capillarity by measuring, by moans of u simple apj>ivratu8, tho 
pressure required to exjwl tlio column of liquid from the capillary tube. He recom- 
mends capillarimctry as a delicate analytical melhotl for the detection of substances 
which are active in tho sense above mentirmwl, and especially for estimating the 
nmtnint of alcohol or acetic aci<l in aqueous solutions. The capillarity of water being 
taken as unity, the following values have been obtained for other liquids, all ostimatoa 


in the same capillary tube : 

Capillarity 

'IVnter 1000 

Alcohol 0-312 

Acetic acid 0-393 

Water containing 2 p. c. Alcohol 0-904 

,1 5 p. c. 0-800 

„ 2 p. c. Acetic acid ....... 0-950 

,1 6 p. c, „ 0*845 


On this principle an alcoholometer callrnl a ‘ liquometer' has been constnictetb Its 
ftspential part consists of a graduated capillary tube about 4 inches long, and liuving its 
lower end in conUct with tho licpiid to bo teste<l. Tho point of tho tul>o at which the 
Ii<inid column finally rests indicates tho proportion of alcohol in the liquid. Tho 
indications of the instrument are limite<I to 20 p. c. alcohol ; liquids richer in alcohol 
must previously be diluted with a mensurotl quantity of water. Tliis liquomoter is 
applicable to the testing of pure alcoholic liquids, and probably also of light wines ; 
but not to wines rich in sugar or to beer (P^rm.J, Trans. [2] ix. 171 ; Jahresh. 1867, 
p. 24). 

Wilhelmy (Pogg. Ann. exxi. 44 ; exxii. 1) has determined by a potmliar process tho 
Coefficients of capillarity * of a number of organic siibstances, and has dirffuced from 
the results the following general conclusions respecting the dependence of this physical 
property upon chemical composition. 

1. In substances equal in their proportions of hydrogen and oxygen, tho coefficient 
increases with tho amount of carbon : e g. al(y>hol and acetone 

acetate and methyl -benzoate ; amylene and xylene 

equal amounts of hydrogen and carbon, tho coefficient of 
increases with the amount of oxygen : e.g. acetone C*H*0, ethyl-formate 
and lactic add C*H*0*. 


oapUl^^ Is the weight of liquid raised 1^ capillary action on an Immersed 
•quatSn ^ ^ of the lino of contact (1 mm.), this weight, a, is calculaUri by the 


A • 

^ we ight in air of the immersed body ; w, the weight which coantcrpoliee the 
e of Ito total volume is within the liquid ; A, the 
the cootact-Une between theeolkl body and the liquid ; and s,the speeffio gravity ef the 

aW aboTB equation givee 

*«F*»^ + aA. 

el th«*SJn2'*^ coeflkient of capiUsurity a ee an approximate meeanreof ttwfimletmlarodMiiefi 
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8. It likewise increases with the simultanecms increase of carbon and oxygen; 
e.a. methyl alcohol CH^O, and acetic acid C*H<0* ; ethyl alcohol C*H«0, and lactic 
acidC»H«0». 

4. Increase in the proportion of hydrogen diminishes the coefficient of capillarity : 
e.g, benzoic aldehyde C»H®0, and ethyl-amyl ether C’H'‘0 ; salicylol C'lf'O*, and 
amyl acetate 

5. By increase of oxygen and diminution of hydrogen it is increased : e.g. butyric 
acid C*H**0*, and acetic anhydride 

6. The presence of chlorine, bromine, or iodine increases the coefficient of capillarity 
when the amount of hydrogcmis at the same time diminished, and, within certain limits, 
even when the amount of hydrogen is increased, or that of oxygen diminished : e.g. 
ethyl chloride C*II*C1, and ethylene chloride C*H‘C1® ; ethyl-amyl ether C’H'®0, and 
benzoyl chloride C’H*0C1 ; ethyl oxide C*H*®0 ; ethyl chloride C®H*C1, bromide, and 
iodide. 

7. Homologous compounds have equal coefficients of capillarity. 

8. Increase of oxygen raises the coefficient of capillarity, even when the substance 

richer in oxygon differs at the same time by + «CH* from the one which contains 
less oxygen ; this however is true only for compounds of similar character. As 
examples in which it holds good are adduced ; acetic anhydride and ethyl 

oxalate ; amyleno and methyl valerate C*H**0* ; cuminol and 

methyl benzoate ; cetylono and acetic acid As examples of 

compounds in which the same law does not hold gofxl : salicylol C^H®0^, and methyl- 
salicylic acid C“H“0* ; cetylene and amyl formate 

9. Isomeric compounds exhibit equal coefficients of capillarity only when they are 
allied in chemical character. 

On dectro-capillary diffusion^ see Becquorel (Compt. rend. Ixvii. 1081 ; Zeitechr. f, 
Chem. [2] v. 134). 

CAPROXC 4I.GZZ>. CTI'W = C®ir>O.H.O « C^H^.CO^n.— This acid occurs, 
together with butyric and valeric acids, in tho flowers of Satyrium hircinum^ which 
have an odour of bugs (Chautard, Btdl. Soc. Chim. [2] ii. 56) ; and, together with 
several of its lower homologuos, in tho sarcocarp of HingJco biloba (B6champ, ihid.). 
It has also been found by C. Kraut {Ann. Ch. Pharm. ciii. 29), together with butyric 
acid, in tho water of a brook running out of peaty soil. 

Caproic acid is formed synthetically : 

1. By the action of carbon dioxide on sodium-amyl (produced by treating zinc-amyl 
with sodium) : 

C®H‘’Na + CO* = C»H".COONa 
Sodium Sodium caproate 

amyl 

(Wanklyn a. Schenk, Chem. Soc. J. [2] vi. 31). 

2. By treating amyl hydride with carbonyl chloride, whereby caproyl chloride is 
produced : 

C*H'* + COCl* = HCl + C®H"OCl ; 


converting this chloride into ethyl caproate by the action of boiling alcohol, the ethyl 
caproate into barium caproate, &c. (Harnitz-Hamitzky, BvU. Soc^ Chim. [2] iii. 
363). ^ 

It is also produced in the following reactions : 

3. By the action of hydriodic acid upon leucine (amidocaproic acid) : 

O'H"(NH*)0* + SHI = C«H‘*0* + NHH + I* 


(Hiifner, Zeitschr.f. Chem. [2] iv. 391). 

4. Together with hexyl alcohol and marsh gas, by the fermentation of ethyl 
alcohol in contact with syntonin or washed meat, and chalk (B^amp, ibid. 702) ; 


and 


7C*H®0 = 2C«H’*0* + 2CH* + 2H* + 3H«0 
7C*H*0 » C*H‘*0* + C»H><0 + 2CH« + 4H*0. 


6. In small quantity, together with butyric acid, in the fermentation of 
St. John’s bread (the fruit of Ceratonia eiiiqua) and of starch-paste (J. Sticht, ibid, 

p. 220). 

6. Together with eenanthylic and valeric acids and capronitrile, in the oxidation of 
diamyl by nitric acid (Schorlemmer, ibid. 643). 

7. By oxidation of octylene hydrate (secondary octyl alcohol) with potassium 
dibromate and sulphuric acid (P. I)e Clermont, ibid. v. 727). 

8. In the dry distillation of wood. AAer the watery portion of the emde distillate 
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liM l»#n neutniliied with Boda, and the greater part of ^o aodinm acrtate 
blUB cry«talliB©d out, a mother-liquor is obtained which, a:^r concentration, yiel^ 
successively the sodium salts of all the fatty acids from formic to caproic (Borre, iWrf. 

cipioic acid prepared by the action of alcoholic potash on imyl cyanide (u 743) 
boils at 196° under a barometric pressure of 746 mm. (Eossi, Ann, Ch. Pharm, 
cxxxiii. 176). . . - 

The primary octylic ether of caproic acid C*IPO* . C*H*’ is one of the constituenla of 
the volatile oil of Heracleum aphondylium. The acid C*I1*“0*, obtained from it, ia 
an oily liquid boiling between 200° and 206°, 8«>lidifying at alx>ut —10° to a white 
mass ; it appears to be identical with the caproic acid of natural fats, but differs in 
tK>mo respects from that prepared from amyl cyanide, e.y, iii the characters of its 
silver salt (Zincke, Ann. Ch. Pharm. clii. 20). 

Bromocaproic acid, C*H*‘BrO^, pKnluctnl heating 2 pts. caproic acid and 
3 pts. bromine to 140°-146° for several hours, is a liquid having a less unpleasant 
odour than caproic acid itself, and boiling at al^mt 240°. It is converted by potash 
or moist silver oxide into leucic acid, C*H*^0*, and by ammonia into leucine, 
(Cuhours, Rip. Chim. pure, iv. 145 ; Jahnab. 18C2, p. 260). See also 
Ilufner {Z^itschr.f. Ckem. [2] iv. 616). 

CAV&OXC A&BBBn>XI, C*II’'0 = CTl‘*.COH, produced by distilling a 
mixture of sodium formate and cjiproate, and purified by separation from ita 
compound with 8(xlium bisulphite, is a liquid having a pungent, but not unpl^sant 
aromatic otlour, boiling at 121° (bar. at 743 mm.), slightly soluble in water, miscible 
urith alcohol, ether, and glacial acetic acid. It rotluct^s ammoniacal silver nitrate ; is 
converted by oxidation into caproic acid identical with that obtained from amyl cyanide ; 
and when dissolved in strong acetic acid, and treated with sodium-amalgam, it is 
converted into primary hexyl alcohol boiling at 160° (Kossi, loc. cit.), 

CAPK'SXAMXBB. C«H“O.H*N or C'II**.CO*NIP, oiDducod by leaving ethyl 
caprylate in contact with strong aqueous ammonia for throe months, forms large 
inodorous ciy'sUilline laminaj, permanent in the air, easily soluble in alcohol and 
ether, melting at 110°, and Ixuling witliout decomposition at a temperature above 
200°. When hydrochloric acid gas is passwl into its ethoroal solution, a solid mass 
is formed, which redissolves on continuing the passage of the gas, and the ethereal 
solution when e\’aporated leaves the crystallised hydrochloride C*H'’N0.HC1. 
Antiuurnic chloride acts violently on avprylamide, but if the mixture be well cooled, 
no <ieconipo8ition takes place, the two bcxlies uniting directly, and forming a compound 
which crystallises after a few days in large four-sided prisms. Phoaphono anhydride 
Converts caprylamide into caprylouitrilo, (E. Eelletar, Zeitachr. f. Ch^, [2] 

iv. G65). 

CAVBmc ACZB. - C’H’».C0*H.— Tliis acid has been found, 

together with several of its homologues, in putrid yeast, in the root of Arnica 
moutana, and among the products of the oxidation of Chinese wax by nitric acid 
{Jahreeb. 1867, pp. 303, 403; 1861, p. 752). It is also produced by oxidising 
primary octyl aUvjhol, C^H'^.CIPOH (from the fruit of Heracleum spnondylium), 
with potassium dichromato and dilute sulphuric acid (Zincke, Zeitachr. /. Cn^. [2} 
V. 66). The acid obtained by this last process Iwils at 230°-234°, and solidifiee al 
12°, forming a white mass like spermaceti which melts between 16° and 17®; it 
appears, therefore, to be identical with the caprylic acid obtained from butter and 
frt>m cocoa-nut oil (i. 746). It is slightly soluble in water, and separates therefrom 
at low temperatures in thin laminae. The barium salt (C*H**0*)*Ba separates^ firom 
a concentrated solution by evaporation or rapid cooling m thin nacreema laminis ; br 
slow cooling in thin flat concentrically grouped needles. The ealeinm ami 
(C'*II’*0*)®Ca,H*0 is very mtich like Uie l^rium salt, but somewhat less soluble, and' 
the needles which it forms by slow cooling are thinner, longer, and have a fine silky 
lustre when diy. The advtr salt C*II‘*0*Ag is a white curdy precipitate, but 
slightly sensitive to light or heat, dissolving when boiled with a laige quantity of' 
water, but immediately separating in flocks on cooling (Zincke). 

o^uratTZiOinTmizai or surm oTAmiB, « (rE^*.CN, 

obtained by heating ammonium caprylate or caprylamide with phospborie anhydride, 
is a clear coloorlees liquid, having a highly aromatic odour, like that of einiiaiiiotk 
oil, and a sweetish, aromatic, slightly burning taste. 8p. gr. m O' 8201 at 18*8®. 
Boiling point 194°-196°. Very infiaminable ; bums with a l^ht faliginoitt flame. 
Mixes With alcohol and ether. By boiling with alcoholie TOtash it ia eonrerted into 
ammonia and potassium caprylate (Felletan, Zeitachr. f, Chan. [2J iv. 666). 
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CAPSVZtJBSCl^C ACXD. — An acid obtained from the husks of the 

horse-chestnut. The concentrated alcoholic decoction is left to cool ; the liquid 
expressed from the jelly which then forms is distilled in the water-bath ; and the 
lukewarm aqueous infusion of the residue is precipitated with neutral lead acetate. 
The portion of the precipitate insoluble in dilute acetic acid, after repeated decom- 
position with hydrogen sulphide, precipitation with lead acetate, ami boiling with 
alcohol, yields, by evaporation of the liquid filtered from the lead sulphide, colourless 
crystals of capsulsescic acid. This acid sublimes without decomposition and crystallises 
unaltered from hot dilute hydrochloric acid. Its aqueous solution is coloured dark 
greenish-blue by ferric chloride, and its solution in hot potash-ley reacts like an 
alkaline solution of gallic acid (Rochleder, Jakreeb. 1866, p. 693). 

GAltAlMCXIXi. When crude caramel obtained by heating sugar to 210°-220° is 
dialysed through parchment-paper (iii, 716), caramelarie and caramelene pass 
through, whilst caramelin, the component richest in carbon (i. 748), remains on the 
dialyser. This purified caramel (which may also bo prepared from crude caramel by 
repeatedly precipitating the aqueous solution with alcohol, till the precipitate is no 
longer plastic, but pulverulent) possesses five times the colouring power of crude 
caramel. A solution containing 10 p. c. of it is gummy, and coagulates on standing 
to a jellj' perfectly soluble in water, whether hot or cold ; its solution dries up in a 
vacuum to a black shining mass, which when it retains a certain amount of water is 
still tough and elastic. If this caramel has been completely dried at a comparatively 
low temperature, it remains soluble in water even after subsequent heating to 120® ; 
but if its solution bo directly evaporated to dryness at 100®, it becomes insoluble 
both in hot and in cold water. Soluble purified caramel contains 54'69 p. c. carbon, 
agreeing with the formula A solution of pure caramel is tasteless and 

neutral ; the caramel is precipitated from it by the smallest quantities of mineral 
acids, alkaline sulphates, sodium chloride and most other salts, and by alcohol, as a 
brownish-black pulverulent substance insoluble in water ; the caramel in the crude 
product of the roasting of sugar is protected from the action of these bodies by the 

f resonce of undecomposod sugar and brown substances of intermediate composition. 

nsolublo caramel obtained as alxive swells up to a gelatinous mass in weak potash- 
solution, and dissolves therein when warmed. If the solution bo then dialysed, the 
proportion of potash in that which remains in the dialyser rapidly diminishes to 
9 p. c., and on adding acetic acid, the whole of the potash passes through, and pure 
caramel remains (Graham, Cbem. Soc. J. xv. 268). 

Caramdanc. — According to Gilis {liep. Chim, pure, iv. 410), this substance may be 
prepared from starcli-siigar, and becomes perfectly colourless when treated with 
animal charcoal. It cannot bo rccouA'ortod into sugar. When the sugar in the 
preparation of caramel has not been heated long enough, or to a sufficiently high 
temperature, the portion of the product soluble in alcohol contains, besides caramelane, 
a considerable quantity of glucosane. The latter is also colourless, and differs from 
caramelano in being reconvertible into sugar by the action of water or dilute acids. 

Methods of preparing caramel brown are described by F. Thomson and 
T. Sherlock {Chem. Newa, xv. 242, 282). 

I^OAAAFUr. An uncrys tall i sable bitter principle obtained from the bark of 
Wl^apa guianenaia. It is nearly related to cail-cedrin (p. 384) and tulucunin (v. 897), 
fsAfid is prepared in a similar manner to those boilies, but is distinguished irom 
the former by its inferior solubility in ether, and from the latter by not being 
^coloured by acids (Cavontou, Jahresh. 1861, p. 769). 

" CAlLBACSTOXnzc ACZB. C»H'0* (Wichelhaus, Ann. Ch. Pharm. cxlv. 
283). — A monobasic acid isomeric with- malonic acid, produced by heating chloro- 
propionic acid * with excess of silver oxide : 

C*H»C10* -I- 3Ag»0 = C»H*AgO« + AgCl + 2Ag» -i- H*0. 

The posnlting solution filtered, heated with sodium-amalgam as long as silver 
chloride is thereby procipibited, and eA’aporatcd, yields silver carbacetoxylate, 
G*H*AgO*, in tufts of steel-grey shining neodles, which may be dried at 100® without 
decomposition. Carbacetoxylic acid, separated from the silver salt by hydrogen 
sulphide, remains on evaporation as a yellowish, easily soluble syrup, having the 
odour of the lower fatty acids. The barium salt crystallises in spherical nobles ; 
the lead salt in crusts ; the zinc salt in shining scales ; the ammonium salt is Tety 
deliquescent. 

• The modification of this acid produced from lactyl chloride is called a chloroprc^onlo seM 5 
that prcKlucod by the action of PCI* on glyceric acid, fi cliloropropionic acid. (See PSOPXOXIS 
Acid.) 
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Carbacetoxylic acid is converted by nascent hydrogen into glyceric acid, 0*H*0*, 
in a sealed tub© to 200® with aqueous hydriodio acid, it is reduced to 
pyroracemic acid, C*H*0*, with separiitiou of iodine. 

OA^RSACBTTXZC ACXO. This name is applied to pyroramnic acid b\ 
■Wichelhaus (/oc.ciV.), w ho represents it by the constit utional formula OH* — CO—COOH, 
regardijig it as homologous with glyoxalic acid, H — CO — COOH. Ho finds that it 
is not attacked by phosphorus ponbichlorido, and therefore does not* contain any 
alcoholic hydrogen, like glycollic acid, lactic acid, &c. 

CARBAlblL'SXZC ikCZl*. Syn. with Tuicahbxixylic Acid (v. 879). 

CABBBIIXZC ACZO. CO'NH* = NIP. COOH. — The ammonium salt of this 
acid, CO^.‘2NH* = NH*.C00N10, is produced by the direct combination of gaseous 
ammonia and carbon dioxide, and by tlistilling ammonium sulphamiito with stKltutn 
carbonate (i. 7*^)0), It is also contaiiuHl in commoreial carbonate of ammonia, 
Koll )e a. Basaroff (Chem. Soc, J. [*2j vi. 19-1) prepare it by passing ttirbou dioxide 
and ammonia gases, both perfect ly dry, into cohl absolute alcohol, separating the 
copious crystalline precipitate by tiitralion from tlio greater part of the liquid, and 
heating it witli absolute alcohol to 100® or above in u stvilotl tube ; the lit^uid on 
cotiling deposits the carbamate in lai*ge crystalline lamiiue. Divers viii. 216) 

prepiires this salt by the following processes, depeiuling partly on the direct coin- 
biiiJition of CO* and NM*, partly on the dehytlration of the carbonate: o. By 
passing carlxui dioxide and ammonia gas into strong aqueous anmiouia. — fi. By digest- 
ing the ctjinmorcial carbonate or any other carbonate of ammonia to 20°-~25° in a closed 
vessel for 36 to 40 liours with aqueous ammonia saturated wit h the gas at a low tem- 
jKjraturo. — y. By heating commercial e4irb()uate of ammonia w ith anhydrous pobissium 
carlxuiate to 60°-80® in a retort connected with a wide tube dipping under mercury, 
the ciirbamate then subliming in the neck. — 6. By distilling in like manner a mixture 
of commercial carbonate and anhydrous calcium chloride . — *. By very slowly dis- 
tilling the commercial airbonate, the more remote part of the e^trlicr incrustation thoa 
consisting of impure airbamato . — C l^y distilling normal ammonium C4irbonate at a 
heat not exceeding 60®. — rj. By rc^x'atedly dismdving the commercial carbonate at a 
gentle heat in the same quantity of water, cooling 4ifter each addition, and separating 
the crystals, until normal ammonium carlmnate is dejMjsitod ; then warming the 
solution ; dissolving a fresh quantity of commercial carbomite in it ; leaving it to cool 
and crystallise for a day ; separating the crystals ; passing ammonia gas ; straining 
(if necessary) the precipitate of normal carhonato produced ; renewing or continuing 
the stream of ammonia gas till the solution (kept cckjI) is about saturated; and 
straining off the precipitate of normal c4irb<>nato: the solution then exhibits the 
characters of the cjirbarnato with a little carlxmato dissolved in it. — 6. By distilling 
the commercial carbonate with strong spirit, or better, perhaps, with absolute 
alcohol. 

Ammonium carbamate occurs in the form of flocculi ; of a more or loss crystalline 
in(?nistation ; of prisms projecting from this incrustation; of crystalline lamime; 
and of crystals neither tabular nor decidedly elongated or columnar. When exposed 
to moist air it gives off ammonia and is gradually converted into acid carbonate : 

CO*(Nn»)* + H*0 = NH* + CO*(NH^)II. ^ 

It differs from the carbonates in not melting when heated. When vaporised at any ^ 
ten>porature, it is resolved into ammonia and carbon dioxide ; but when heated 
sealed tuljcs to 130®-I40®,it is converted into urea, rCO*(NH»)* - IDO « CON*H*J,^ 
which is therefore the amide of carbamic acid (Kolbe a. Basaroff). See UltRA. It 
dissolves, with fall of temperature, in about 1 pt. of water, at first without change, 
but after a short time it takes up water and is converted into carbonate ; CO*(NH*)* 

+ IVO :» CO»(NHV*. 

Ammonium carbamate dissolves in spirit of sp, gr. 0829 (J. Davy), also in 
al>solute alcohol when heated with it in a sealed tube, and crystallises out on cooling 
(Kolbe a. Basaroff). It dissolves freely in strong aqueous ammonia, with prodtii^O|i 
of cold. The sedution, left to itself for some time, deposits ay^stals of tlie normund 
cairl^nate ; but if cooled to about 0® soon after it is made, it yields the carbamate 
again in relatively large crystals. Ammonia, therefore, has the power of impeding 
the hydration of the carbamate ; and this appears to be its mode of action in some 
of the methods above given (0, i>) for preparing the carbamate from the eommerctal 
carbonate (Divers). 

The distinguishing reaction between the carbamate and carbonate is that, when 
*dded tn exotss to calcium chloride and ammonia, the carbamate precipitates the 
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xsalcium very elowly, whereas the carbonate precipitates it immediately. The gelatinous 
precipitate (calcium carbamate ?) produced in solution of ammonium carbamate by 
excess of calcium chloride can be dissolved by suificient water almost immediately ; 
the gelatinous carbonate is also sensibly dissolved by water, but not nearly to the 
same extent as the carbamate (Divers, Chem. Soc. J. [2] viii. 363). 

Eihyhcarhamate (urethane) is formed, together with ammonium nitrate, by heating 
urea nitrate, with absolute alcohol to 120°-130° (Baute, Zeitschr, /. Chein, [2] 
vi. 90) : 

CON^H^HNO* + = NH^NO> + CO(NH*)(OC*H>) 

Urea nitrate. Urethane. 


Benzylidcne-ammonium carbamate is formed as a white solid mass when ammonium 
carbamate is left in contact with benzoic aldehyde over sulphuric acid : 

CO(NH*)(ONH<) + 2C"H‘'0 - 2H*0 + CO(NH2)[ON(C’H-)*]. 

Heated with water it gives off gas ; heated with alcohol it yields hydrobenzamide 
(E. Mulder, Zeitschr. f. Chem. [2] v. 58). 

Ammonium Ozysulptiooarbamate, CS(NH*)(ONH'‘), prepared by passing 
gaseous carbon oxysulphide, COS, into absolute alcohol saturate with ammonia, 
forms crystals easily soluble in water. Its solution is precipitated by lead acetate, 
cupric sulphate, and uranic nitrate ; by barium chloride only when heated. Hydro- 
chloric acid added to the concentrated aqueous solution decomposes it, with evolution 
of gas. With benzoic aldehyde., the oxysulphocarbamate reacts like the carbamate, 
yielding the compound CS(NH'^)[0N(C’1I*)*] (Mulder, loc. cU.'). 

CAJtBAXrXZilC ACZ1>. Beichonbach a. Boilstein {Bvll. Soc. Chim. [2] ii. 15) 
have confirmed the result previously arrived at by Gerland, that Chancel’s carbanilic 
or phonyl-carbamic acid, obtained by the action of potash on phenyl-carbamide 
n. 752), is identical with amidobenzamide, not with amidodracylamide. (See 
Benzamide, p. 257.) 

OAJKB AXmX3>Bf or Biphenyl carbamide^ is formed, together with other products, 
by heating 1 mol. oxalic acid with 2 mol. aniline, or by the dry distillation of neutral 
aniline oxalate (Hofmann, Proc. Boy. Soc. xv. 335) ; 

C20*) C*0*^ 

+ 2C«H*(H*N) = 2mO + (C«H‘)nN* 

Oxalic acid. Aniline. Dlphenyl- 

oxamide. 


C»OM 

Dlphenyloxamlde. 


CO) 

CO + (C«H*)» N« 

Diphenylcarbamide. 


Biphenyl-urea, isomeric, if not identical, with carbanilide, is produced by heating 
1 pt. urea to 150^-170° with 8 pts. aniline : 

CN«H<0 + 2(C«H»)H*N « 2NH» + CN*H*(C*H»)*0 

Urea. Aniline. Diphenyl-urea. * 


This mode of formation of diphenyl-urea is analogo\is to that of triphenyl-rosaniline 
from aniline and rosaniline (Baeyer, Ann. Ch. Pharm. cxxxi. 261)." 

CAJtBXirOB. The generic name proposed by Kolbe for the monatomic alcohols 
(p. 62). 

OABBIBnrL. The corresponding term for alcohol-radicles ; e.g., 
Dimethyl-carbinol, C( CH*)*H . OH, 

Dimethyl-carbinyl iodide, C(CH*)*H . Il 

OAmBOBZMBTBn^XBTKn, C’H^* « (Friedel a. Ladenburg, 

Ann. Ch. Pharm. cxlii. 310). — A hydrocarbon of the paraffin series, produced hy the 
action of ainc-ethyl on meUiyl-chloracotol (i, 27) : 

C(CH»)»C1* + Zn(C*H»)* « ZnCl* + C(CH»)*(C*H»)*. 


To prepare methyl-chloracetol, acetone is mixed by drops with phosphorus penta* 
chloride, cooled at the commencement of the process, and the mixture is distilled 
till the distillate dissolves completely in water. This distillate, washed, dried, and 
several times rectified, yields chloropropylene, C*HK71, between 25^ and and 
methyl-^oracetol between 6fi® and 78®, 



CABBODIPHENYL-TRIAMIKE^OABBON BROMIDES. ^ 

To eonvert this compound into carbodimethjl-diethyl, it U dioppcd upon mnc-ethyl 
contAined in a flask having an upright condensing tube ; and the mixture, after being 
warmed for some time, is distilled, the portion which gow over below 110® being 
collected apart. The distillate is then mixed by drops with water in a cooled flask 
to decompose the excess of zinc-ethyl ; the zinc-oxide thereby formed is dissolved in 
hydrochloric acid ; the oil which remains undissolved is dried and subjected to flfhctional 
distillation ; and the liquid which passes over between 86® and 90® ^s heated for 
several days with sodium, to free it from still remaining chlorine. The product thus 
obtained is pure carlxxiiraoLhyl-diethyl, boiling l»etwecn 86® and 87®, having a 
vapour-tlensity of 3*46 (calc. 3 G2), and a sp. gr. in the liquid state of 0*7111 at 0®, 
and 0-6958 at 20 6®. 

0 AMI 01 »ZVBSimi-TRZA.MCXira. N>[C>*(C«H«)*IP].— Syn. with Mkl- 
AxiLiNE. (See Phknyiaminks, iv. 461.) 

0ABa0.B01>aCAJBTBYX..TBTBB9B08»B0SrZTrMI OBXiOBlBB. 

together with other compounds, by the action of carbon 

tetrachloride on triethylphosphine (Hofmann, Jahresb. 1861, p. 448). See Phos- 
puoBUS Basks. 

CABBOBnBOQXmrOirzo AOZB. CaPO^— This acid, described under 
I)erivativk.s of IItoroquinokr (iii. 214), is produced, with evolution of hydrogen, 
by heating quinic acid with 4 pts. potassium hydrate (Graeho, Ann, Ch, Pkami^ 
cxxxviii. 197) : 

C»H‘W « C’n«0* + H» + 211*0. 

It decomposes at 200°, giving off pyr^xjatochin and hydroquinone. The same pro- 
ducts, but with a larger proportion of pyrocaitechin. arc obtained by heating carbo- 
hydroquinonic acid with mineral acids (Gnvebe). The isomeric acid, protocatcchuio 
acid (iv. 738), is resolved at Jie same temperature into carbon dioxide and pyrocatechin 
without any admixture of hydroquinone. CarlKdiydrotjuinonic acid reduces a neutral 
silver solution at ordinary temperatures and in the dark ; also cupric oxide in alkaline 
solution; whereas protocatechuic ac*id reduces silver oxide only in ammoniacat 
solution, and cupric oxide not at all (Hesse, Ann, Ch, Pharm. exxii. 221). 


C*H’N* N* ■] CH*. — Syn. with Mkthtl- 

Ih‘ 


CAmBOKBTBTlk.TSXAaKl]rB. 

CBAVIBK (iii. 1009), 

CABBOW. A variety of carbon exhibiting somewhat peculiar properties is found 
in small quantities at Singbhom, near Calcutta, on veins of copper and iron or# 
traversing clay slate. It is black, with metallic lustre, crystalline structure, and spw 
gr. 1-9 (Breithaupt, Jahresh. 1859, p. 706). 

On the spectrum of carbon, see Sprctilat. Akai.T 8IS (r. 889). 

Carbon is, under certain circumstances, separated from cyanides in the form of 
graphite. The mother-liquors of the soda manufacture, which are often used for the 
preparation of caustic soda, are mixed with sodium nitrate, and evaporated down in 
iron pans for the purpose of oxidising the sulphides and cyanides (chiefly sodium 
ferrocyanide) contains in thorn. As soon as the mass has attained a dull red heat, 
a re^iar evolution of gas sets in, ferric oxide is deposited, and the surface of the 
liquid becomes covered with a shining layer of p:raphite. The separation of the 
graphite takes place most abundantly when the sodium nitrate is at first added only In 
quantity sufficient to oxidise the sulphur-compounds, and the further quantity reonired 

ilecompose the cyanides is added just as the mass be^ns to eAibifc a rod heat 
(Pauli, Phil, A%. [4] xxi. 541). 

In connoctioD with the qu«ition of the volatility of carbon at high temperatnrse^ 
Eisner (J, pr, Chem, xcix. 257) has observed thiat when porcelain vessels, &c., see 
heated in the poUeiy-fumace on trays made of a mixture of clay and grapMts, thej| 
b^rae brown-black thro^hout their mass, and covered with a light grey spscnls* 
glaze. This result is attributed by Eisner to volatilisation of the carbon. Begiundti; 
on the other hand, ascribes it to the formation of a hydrocarbon (<Jahre$b, 1865 , pp. 22 , 

Bespecting the absorptive power of charcoal for gases and vaponrs, see Gasas. 


, , !• The dihremide C*Bri is described in voL i. p. 764; 

w®e trioromid^ or Utrabromethplene dibnmide in 

671* 
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Th« i«trabromi4^ OBi* is produced by the ^ion of bromine, in presence of 
iodine bromide or ani^mony tribromide, on carbon bisulphide, bromopicrin, or bromo* 
form. It is a white substance crystallising in shining plates, melting at 91® ; has an 
ethereal odour like tHat of the tetracliloride, and a sweetish taste ; is almost insoluble 
in water, but very easily soluble in ether, carbon bisulphide, carbon tetrachloride, 
chloroform, bromoform, benzol, and American petroleum ; also in hot alcohol, from 
which it separates in the crystalline form on cooling. When heated in alcoholic solu- 
tion it is decomposed, with formation of aldehyde and hydrobroraic acid. The alcoholic 
solution burns with a pale green dame. The compound is rapidly decomposed by 
alcoholic potash or soda ; thus : 

CBr* + SC'-'H^NaO + 3NaHO = 4NaBr + Na*CO» + SC^H^O. 

Aqueous potash or soda does not aifoct it at ordinary temperatures, and only slowly 
at 100®, but at 150° the action goes on rapidly, the products being sodium bromide, 
sodium carbonate, and watcT. When carefully heated it sublimes unchanged, but its 
vapour when passed through a red-hot tube is for the most part resolved into bromine 
and carbon, a small quantity of a crystalline substance being however obtained, 
apparently consisting of the tribromido C^Br* (ii. 571). By water and sodium-amalgam 
it is reduced, first to bromoform, CHBr*, and afterwa:^s to methylene dibromide, 
CH*Br* (Bolas a. Groves, Chem, Soc. J. [2] viii. 161). 

CiUBBOir CBXiORZBBS. The tetrachloride CC1\ heated to 200® in 
sealed tubes with dry zinc oxide, is converted into carbon oxychloride and carbon 
dioxide : 

2CCl< + 3ZnO = 3ZnCl* + COCl^ + CO^ 

When passed, together with carbon dioxide, over pumice heated to 350®, it is 
converted into carbon oxychloride : (/Cl* -l- CO* = 2COC1*. With carbon 'monoxide, 
in like manner, it yields carbon oxychloride and carbon dichlorido : 2CC1* + 2CO — 
2COC1* + C*C1* (Schiitzonberger, Conipt. rend, Ixvi. 747). 

The tetrachloride heated to 100® with sulphuric anhydride gives off carbon 
oxychloride, and leaves a fuming liquid, which when distilled gives off the excess of 
tetrachloride at 75®, and at 130® the compound S*0*C1* identical with that 
which Bose obtained by the action of sulphuric anhy»lride on brown chloride of 
sulphur (v. 535). The reaction is : 

CCl* + 2SO» = S*0»C1* -t- COCl*. 

When a mixture of sulphuric anhydride and carbon tetrachloride is heated to 100® with 
benzene, and the product is treated with water, hydrochloric acid, sulphobenzide, and 
benzene-sulphuric acid are obtained, together with a considerable quantity of benzoic 
«cid (Schiitzenberger, ibid, Ixix. 852; Z>eitschr, f, Chem. [2] v. 631). See Bexczoio 
Acid, p. 306. 

The trichloride C*C1* is formed, together with other products, when the vaponrof 
the tetrachloride is passed through a long tube heated to moderate redness. A liquid 
then condenses in the receiver, coloured yellow by free chlorine and consisting of the 
trichloride C*C1®, the dichloride C*C1*, a little unaltered CCl*, and a very small 
quantity of C®Cl*. On exposing it to light, so that the dichloride may absorb the free 
^lorlne, and distilling till the temperature rises to 160®-160®, a l*esidue is left in the 
retort consisting almost wholly of trichloride, which may be completely purified by 
crystallisation or by distillation with water. The distillate obtained below 160® 
contains a considerable quantity of dichloride, which maybe converted into trichloride 
by the action of chlorine in sunshine (Bassett, Chem. News, xx. 176). 

Carbon trichloride is also formed by passing chlorine into butyric add heated first 
to 100®, afterwards to the boiling point of the acid: it then collects as a white 
sublimate in the neck of the retort (A. Baumann, Ann, Ch, Phann, cxix. 120). 
According to Pater no {Zdtschr.f. Chem, [2] v. 246), it appears to be formed by the 
action of phosphorus pentadiloride on acetyl chloride. 

Tlie dichloride, C*C1*, unites with nitrogen tetroxide, forming the compound 
’‘C^l*(NO*)*, which may also be regarded as tetrachlorethylene dinitrylide, carbon 
f^tddHchlaride oxdin%tro-tetrachloretha7ie. This compound is formed when the cUchloride 
is heated*to 100®-120® in a sealed tube with liquid nitrc^en tetmxide. llie jvoduc^ 
is however somewhat scanty, as a considerable portion suffers further deoompositioiit 
resulting in the formation of car^n oxychloride. The compound C*Cl*(NO*)* is a 
volatile crystalline compound having very much the aspect of carbon trichloride^ and a 
rather strong odour like that of chloropicrin. It is insoluble in water, easily solublA 
in etlier and hot alcohol, cannot be fused, but decomposes at 140® into CKlPandlfO^iL 
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Afifior drying orer anlphuric acidy it is soxnewliAt glntintwit^j M L therefore Cannot be 
pulvensed. It w>ulo probably bo converted by redmSiitt^jSgenta into a diamine 
(Kolbe, Z^Uschr,/. Chem, [2] v. 4'SO). " 

Julin*» Chloride of Carhim, C*Cl* (i. 768), is identical with^Cxchlorobonspene, C*Cl* 
(See Bhnsbkb, p. 267.) 


OJIUUIOV oaLlSBS. 1. Monoxidk or Cariionous qxit>r, CO, commonly 
called Carbonic oxtdc.-— This gas is easily obtained pure and in largo quantity by 
passing the j|;aseous mixture evolved by heating oxalic acid with sulphuric acid, first 
thro\]^ a red-hot tube fUled with charcoal, thou thn.nigh a mixture of potash and 
lime-water to absorb the small quantity of carlx>u dioxide still remaining undecom* 
posed (Chovrier, Compt. rend. Ixix. 138). It is formed in small quantity when oxy^n 
is absorbed by an af^line solution of pyriigallic acid, 100 vol. pure oxygon yielding 
about 3’6 vol. CO. When, however, the oxygon is mixed with excess of nitro^n, as 
in stm<»pheric air, the quantity of carbi>n monoxide thus formwl is but sn^l, and 
scarcely sufficient to affect the result of an cudiomctrical determination (Colvort, 
Chem, iVett'S, viii. 272 ; Clocz, Compt. rend. Ivii. 873 ; lloussingault, ibid, 885^ 

Carbon monoxide in the dry state is not docomp<.>stHl by a succession of induction- 
sparks or by a spiral of iron or platinum wire intensely igniteti by the electric current ; 
but over water it is decomposed by the glowing platinum spiral, the carbon monoxide 
being converted into dioxide and replaced by an equal volume of hydrogen (Buff a. 
Hofmann, Chem. Soc. J. xii. 273). 

Respecting the decomposition of carbon monoxide by heat, see Chemioai, Affiicitt 
and DissociATtON. On the temperature of its flame and the results of its combustion 
under pressure, see Combustion. 

Carbon monoxide passed over heat-wl eodamide converts it into sodium cyanide : 
NaH*N + CO «s NaCN + H*0, ammonia and sodium hydrate being also formed as 
secondary products by the action of the water on the sodamido (Beilstein a. Gheuther* 
Ann. Ch, Pharm. cviii. 88). 

With eodium-eihyl^ carbon monoxide forms propione or diethyl-kotono; thus ; 

CO + 2NaC^H* « CO(C*U^)* + Na». 


This reaction is general : 

CO + 2NaC“H"^' - + Na» 

(Wanklyn, Chem. Soc. J. [2] iv. 13, 326). 

With ^taesium^ carbon monoxide unites directly, at about 80®, foming ihs 
compound K*C*0’ (iv. 690). Also with sulphur^ forming carbon oxysulphide, COS 
(p. 407). 

When a mixture of carbon monoxide and chlorine is passed over platinum 9 % 
heated to 400®, carbon oxychloride is formed, together with a crystal li sable comp 
of carbon monoxide with platinio chloride, (CO)*PtCl^ (Schutzonborger, ZeiiegJi 
Chem. |[2] iv. 821). See PlJiTiNUif. 

^ A mixture of carbon monoxide and carbon tetrachloride passed over heated 
yields phosgene and carbon dichlorido (p. 400), '*• 

For the reaction of carbon monoxide with bloody see p. 354. 

Carbon Dioxidb, Cabbokio Anutdridb, or Oabb ANRTDR inn, CO*» 
commonly called Carbonic acid. — This gas may bo liquefied under the ordinary atmo- 
spheric pressure by a temperature of — 87®, pr^uced by evaporating liquefied ammonia 
over sulphuric acid in a vacuum. At the same temperature, under a pressure of three 
or four atmospheres, the carbon dioxide solidifies to a mass which lias the transparency 
of ice, and may bo divided, by pressure with a glass rod, into cubic ciystals uhi^ or 
four milUm. thick ; these crystals are unctuous to the touch, and bum severely when 
pressed between the fingers. Mixed with ether in a crucible, they produce a eold of 
*"®1° (Loir a. Brion, Compt. rend, lii. 748 ; Jahresb. 1860, p. 42 ; 1861, p. lOg), 
^«»d carbon dioxide boils at —78*2® under a pressure of 760 mm. (Regoai^ 
1863, p. 70). Its expansion by change of temperature is exhiUted i 
following table : . 

Te m per mto re Teinme 

-10® 0*9517 

0 I'OOOO 

+ 10 10686 

20 1*1467 

water at the same temperature) is 0*947d» (Andb^^ 
any, n.. **• P jj 
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Ions of^ its vapour-tension at different temperatnrei 

Am Rt.o • .Tnh*‘ff»h 1 AAft Aa\ • 


Jpension in 
mlllim. of 
Mercury. 

# 

Temp. 



Tendon in 
millizD. of 
Heronry. 

13007*02 

+ 16® . 



• 39646*86 

15142*44 

+ 20 



. 44716*68 

17682*48 

+ 25 



. 60207*32 

20340*20 

+ 30 



.• 66119*06 

23441*34 

+ 35 



. 62447*30 

26906*60 

+ 40 



. 69184*46 

30763*80 

34998*66 

+ 46 



. 76314*60 


Temp. 

-25«> 

-20 
-16 
-10 
-5 
0 

+ 6 
+ 10 

Gove'^Chem. 8oc. J. xv. 163) has described a method by which small quantities of 
liquid Ihrbon dioxide may be safely prepared in stout glass tubes closed with gutta- 
percha stoppers, and solid substances attached to the stoppers submitted to its action. 
Having in this way examined its action on more than fifty substances, he concludes 
that it is comparatively an inactive substance, and is not deoxidised by any ordinary 
rediwing agent except the alkali-metals. Its solvent powers are also very limits. 
It diMO^es camphor, iodine sparingly, and a few other substances in small quantity ; 
it doeif%ot dissolve any oxygen-salt, and does not redden extract of litmus. It 
abstracts the colouring matter of gutta-percha. Caoutchouc left in contact with it for 
some time, swells up strongly after removal, then slowly contracts again and appears 
white, ^ The liquid anhydride is a had conductor of electricity. In its geneiai 
properties it is somewhat analogous to carbon bisulphide, but has much less power of 
dissolving fatty bodies. 

At the temperature of 0°, gaseous carbon dioxide is reduced to the liquid state under 
'ft pressure of thirty-six atmospheres ; as the temperature rises, greater pressure is- 
roquired^ to effect the liquefaction, and above a certain temperature the gas is no- 
longer liquefied by pressure. The effect of pressure on carbon dioxide at various 
temperatures has lately been very carefully investigated by Dr. Andrews (PAi/. 2Vflw^. 
1869, p. 675; Chem. ^o. «7. [2] viii. 74; abstr. Proc, Soo. xviii. 42). When 
this gas is partially liquefied by pressure, and the temperature is gradually raised to 
ftl^ut 31®, the surface of demarcation between the liquid and the gas becomes 
fainter, loses its curvature, and at last disappears, the tube being tlien filled with a 
fluid which, from its optical and other properties, appears to bo perfectly homogeneous, 
th^ pheudmonu being m fact similar to those obsen^ed by Cagniard de la Tour on 
^ liftUQg water, alcohol, ether, or petroleum in sealed tubes (Hkat, iii, 96). The 
-^^aperaturo at which carbon dioxide ceases to be liquefied by pressure is designated 
Androws as the * critical point,’ and he finds it bo be 30*92®. At temperatures a 
^bovo this p()int., although no liquefaction occurs, a very groat change of density 
■^ttced by slight alterations of pressure, and the flickering movements above 
come conspicuously into view. 

i'lfi'l®, under a pressure of 48*9 atmospheres, the gas, then just on the point of 
is reduced to of the volume it occupi^ under one atmosphere. After 
the volume of the gas, already reduced to of itft original volume, 
couUnlicA' to diminish as the pressure augments, and at a much greater rate than in 
ordinary liquids. Similar results were obtained at 21*6®. At 31*1° or 0*2® above the 
point, the volume of the gas diminished 8tea<iily with the pressure, till about 
74 fttmosphoros were attained. After this a rapid fall occurred (but not abrupt, as in 
the case of liquefaction), and the volume was diminished to one-half by an aiMitional 
pressure of less than two atmospheres. Under a pressure of 76*4 atmospheres ^e 
gM was reduced to of its volume under one atmosphere. Beyond this point it 
yielded very slowly to pressure. During the stage of rapid contraction there wae no 
^Mq|dence at an^ time of liquefaction having occurretl, or of two conditions of matter 
J^ng present in the tube. At 82'6® and 36*6® the same general results were observed^ 
'^Cept Uiftt the rapid diminution of volume became less marked as the tempendhnf 
; Wfts hi^er. The experiments at 36*5® were carried as far as 107 atznospheriM, 
Which pressure the volume of the gas was almost the same as that which it woiiMp 
havax^Upied if it had been derived directly from liquid carbon dioxide aoocgdiiM^P^ 
the Pir of the expansion of that body for heat. Lastly, at 48*1®, between the 
of 62*6 and 109*4 atmospheres, the rapid fall exhibited at lower temp 
if not wholly disappears, and the curve representing the changes of T 
jrmtM cloaeiy to that of a gas following the law of Mariitle,, i ‘ 
diminution of volume is much greater than if that law held good, 
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ISiafe TMiiltf 8X0 xopnsentod gmphieolly bj the E^ual volumoo 

of air and carbon dioxide, measured at 0° and^TdO l|j|ra|m oomnromed at the 
temperatures marked on ea^ cmipo, undergo the ohMBpB|[mlumainmcated by the 
form of the curre. The figures at the top and b^||i®^|Blicate4^ approximate 
pxeesnres in atmospheres; the volumes of the gas and air ai» measured upwards from 
the dotted horiaontal line. , • 

Fio. 10. 



Underpressures still higher than those above mentioned, carbon dioxide may also bo 
made to pass, without break or interruption, from whet is universally regarded as the 
gaseous to what is in like manner universally rogardocl as the liquid state of mattoa 
Thus, if a given volume of the gas at 50® or a higher temperature be exposed tip^ 
pressure increasing up to 150 atmospheres, its volume will steadily diminish pM thllr 
pressure increases, and no sudden diminxition of volume, without the applicatlt^ 
external pressure, will occur at any stage of the process. When the full pressuif#.'‘lMM| 
been applied, let the gas bo allowed to crwl down to the ordinary tempeXatore' 
atmos^ere. Ihiring the whole of this operation no breach of continuity wilt 
It begins with a gas, and by a series of gi^ual changes, nowhere preBentln|i^4u|| 
abrupt alteration of volume or sudden evolution of heat, it ends with a liij^liid* 
closest observation indeed fails to discover anywhere indications of 8 <Iiiu|hk 
condition in the carbon dioxide, or evidence, at any stage of the proceM, of pttfSBHK 
compound being in one physical state and part in another. That the gas 
changed to a liquid would indeed never have been suspected, did it pot shoir ||hBH 
be so changed by entering into ebullition on the removal of the pressiiz^e. 

Fmm all these results, it may be inferred that the ordinary gaseous 
liquid states are only widely separated forms of the same condition of nmttsir&d may 
be made to pass into one another by a series of gradations so gentle that 'thft mjjtitffT 
shall nowhere present any interruption or broach of continuity. From carbon atmdaa 
se a perfect gas to carbon dioxide as a perfect liquid, the transition may be SSCOm* 
pllsl^ by a continuous process, and the gas and liquid are only distant stages of a long 
series of mttnuous physical changes. Under certain conditions of temperature and 
presmire indeed, eat^n dioxide finds itself in what may be describea as a State 
of instobility, and suddenly passes, with evolution of heat, and without applicatio^ysf 
additional pressure or change of temperature, to the volume, which by the 
process oaa only be reached through a long and circuitons route. In the abrt^ etmuP 
wm^ ben occurs, a mark^ed difiEerence is exhibited, while the process is m 

^imo ytleal and other physical promitios of the carbon dioxide which has1^a|iiisd^ 
I nite w amaller volume, and of the carbon dioxide not yet altered. Them is iki 
therefore, in distinguishing between the lig'iid and the f— » im 

IggEMMsi tbejdMacttoti cannot m made ; and under many Jf the conditloBr^llim 
^ ^ aUempi to assign carbon dioxide to the liquid 

ddorida. ammonia, common ether, and 'ItebSM' 
dieai^e in exhibiting edtteal points when eq^ossd ttite 
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pressure to the required temperatures. Andrews prowses, instead of the present 
arbitrary distinction between vapours and gases, to confine the term vapour to gaseous 
bodies below their critical points, and therefore capable of being liquefied by pressure 
alone, so that gas and liquid may exist in the same vessel in presence of each other. 

Ueactinm, — 1. Gaseous carbon dioxide is slowly decomposed by the induction- 
spark, more quickly by the very high temperature of the electric are (between iron 
terminals), into carbon monoxide and oxygen, the latter combining with the iron, and 
leaving a volume of carbon monoxide equal to the original volume of the gas (Buff a, 
Hofmann, Chem. Soc. J. xii. 282). — 2. Respecting its decomposition by heat, see 
Chemical Affinity and Dissociation. — 3. Mixed with carbon tetrachloride and 
passed over heated pumice, it forms carbon oxychloride: CO* + CCl^ = 2COC1* 
(p. 400). — 4. Passed over gently heated sndarnide, it forms cyanamide and sodium 
hydrate : CO* + 2NaIl*N = (CN)H*N + 2NaHO (Beilstein a. Geuthor, Ann. Ch. 
Pharm. cviii. 88). 

6, With the sodium-compounds of the alcohol radicles it forms the sodium 

salts of the next higher fatty acids : e.g., 

C*H^Na + CO* = C*H‘.CO*Na 
Sodium Sodium 

ethyl propionate 

(Waftklyn, Chem. Soc. J. xi, 103). 

6. Polciestium immersed for about twenty-four hours in an atmosphere of carbon 
dioxide standing over lukewarm water, is converted into n mixture of formate and 
carbonate of potassium : 

2CO* f- K* + H*0 - CHKO* + CHKO> 

Formate. Acid 

carbonate. 


Sodium acts in a similar manner, but appears to produce a smaller proportion of 
formate (Kolbe a. Schmidt, Anyi. Ch. Pharm. cxix. 261). 

7. Sodium heated with dry sand and exposed to a rapid current of dry carbon dioxide, 
the pasty mixture being well stirred and the temperature ultimately raised to about 
the boiling point of mercury, is converted into sodium oxalate : 


2CO* + Na* - C*Na*0*. 

A similar reaction takes place with an alloy of swlium and potassium, or with potas- 
^"■mum amalgam, tho latter being heated to the boiling point ; this la.st method seems 
^ijndeed to yield the largest quantity of oxalate (Drechsel, Zeitschr. f. Chem. [2] iv, 

.^Ijl^Awording to J. Kolb {Compl. rend. Ixiv. 862), dry carbon dioxide is not absorbed 
by’the anhydrous oxido.s or tlie dry hydrates of the alkali-metals or alkaline-earth 
metals oven after prolonged contact, the presence of water being absolvtely necessary 
to promote the absorption. This statement is, however, somewhat at variance with 
,;^ tl]^ well-known fact tliat carbon <lioxide is readily taken up by ignited soda-lime. 
^f^^'Ceordiitg to Beketoff {Jahresb. 1865, p. 14), carbon dioxide decomposes a solution of 
Cl|k|aini acetate under a pressure of 27 or 28 atmospheres, spicular crystals of calcium 
earo^ate being formcil in the liquid ; on the other liand, it does not decompose 
a dilute solution of calcium chloride at 46 atmospheres, of barium., chloride at 40 
atmospheres, or of V)arium acetate at 30 atmospheres. 

Absorption by Water and Saline Solutions. — Khanikoff' a. Louguinine {Ann. Ch. 
Pkys. m 3ci. 112) have determined the quantities of carbon dioxide absorbed by water 
unaer different pressures, and have obUiined results not quite in accordance with the 
law of Dalton a. Henry (ii. 792). In the following table a denotes the volume of 
carbon dioxide, reduced to 0® and 760 roni., absorbed by 1 vol, water under the 
pressure P : 


p 

a 

P 

a 

69771 

0-9441 

2188-65 

3-1764 

80903 

1T619 

2369 02 

3-4867 

1289-41 

1-8647 

2554 Oa 

3-7162 

146995 

2 1623 

2738-33 

4-0031 

200206 

2-9076 

3109 51 

4-500® 


Denoting two of those absorption -coefficients by o* and «' + n, and the 
pressures by P* and P***^", the law of Henry a. Dalton would giveJS^d^ 

but on calculating the differences of these quotients fh>m the. 
terms of the resulting series exhibit, with increasing 
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regular onongli to show that the deTiation from the law a^YO mentioned cannot 
he attributed to erron of experiment. 

When water is saturated with carbon dioxide under pressure (as in making soda- 
water), the force with which the gas is retained depends to a considerable extent on the 
time during which the gas and water have been kept in contact and agiUited togetlier. 

If the agitadon be continued merely for an hour or an hour and a half, then, on letting 
out the water, the excess of carlwnic anhydride is inunediately discngjiged with efler- 
vesconce throughout the whole mass of the liquid, which becomes creamy ; whereas if 
tJie gas be left in contact with the water in the closo<l vessel for 20 to 24 hours, 
and the liquid be then let out, the carbonic anhydride disengages itself from the 
water and attaches itself to the sitlcs of the glass. It appoiirs indeed as if after a 
short contact the CKrlw)nic anhy»lndo dissolves in the water as such, but. that after 
prtilonged contact it becomes hydrated and dissolves as hydrogen carbonate or 
carbonic acid, and is then retained more firmly. Tlio diss<»lution of the carbonic 
anhydride is greatly accelerated by adding a little common salt (o the watef, the 
ucceieration being probably duo to a reaction In^woen the smlimn chloride and 
carlx>nic acid, resulting in the formation of acid soflium carbonate and hydrochloric 
acid. The presence of the latter acid in the resulting solution may in £|iit be 
dcraonstratod by means of ultramarine, which is Jicted upon by hydrochloric licid, 
but not by sodium chloride. A solution of lead chloride is acted u}X)a in a 
similar manner by carbonic acid, a precipitate being gradually formed consisting 
of carbonate-chloride of load (Hugo Muller, Chem. aSV. */. | ‘2j viii. 37). A solution 
of ordinary sodium phosphate into which carbonic anhydride is passed is partly 
decomposed in like manner, with formation of aci<l }*hosphato and aci<l carbonate 
of sodium. Respecting the law of absorption of carl>onic anhydride by aqueous 
iKxlium phosphate, see Ileidciihain a. Meyer, Atm. t% Pkarm. Stqtpl, ii. 107 ; Jakresb. 
1863, p. 92. 

' ■ ' ■ 

CAmBOir OaiTBKOMX3>B« COBr^ is formed when a mixture of bromino- 
vapour and carbon monoxide, the lattur in excess, is exp<^>8od to tlio sun’s rays. 

The mixture becomes nearly colourless, and on bringing it in e^intnct with pOtash> 
ley, rapid absorption takes place, the svdution containing bromide and carbonate of , 
potassium (J. Schicl, Ann. Ch. Pharm, Stqpf. ii. 311 ; Jahrt'sb, 1863, p. 165), . .*■ 

CA&BOir OXTCHZiO&XBlI. COCl^ Cnrhomfl chloride. Phosgcne.-'‘-^t^^ 
following is given by Wilm a. Wischin (Zri<sc5r,/. Chem. [2] iv. 5) ns the best 
of obtaining considerable quantities of this gas, free from cliiorine and containing'cmM''^ 
a slight excess of carbon monoxide. Into a 10-litre flask of white gloss, 
sunshine and fitted with a caoutchouc stopper tnivorsed by three tubes^^lipilil *' 
monoxide (prepared from oxalic acid, purified by passing through a niix(ittipi|'t>f 
potash ami lime, and dried by oil of vitriol) is admitted on one side, and dry chlorine 
on the other, the two gases being directed on to the bfittom of the flask, the carbojl ' K 
monoxide at a slightly more rapiu rate than the chlorine, whereby a perfect 
is effected almost instantaneously. Tlie gaso<jus mixture is then directed 
the thinl tube to the bottom of a second flask of the same size, the ' 

which is traversed by two tubes, and from this it passes into a third 
up in a similar manner. The gas which passes into the thinl flask is neatly pure 
phosgene, quite free from chlorine, and containing only a slight excess of carbon 
monoxide. By passing it into well-cooled absolute ala^hol, it is easy in favourable 
weather to prepare 2 or 3 pounds of ethyl chlorocarbonato in the course of a day. 

On the formation of carbon oxychloride from carbon tetrachloride, see p. 400. , 

Phosgene is alao produced by the oxidation of chloroform with potassium dichromato 
and sulphuric acid ; 

2CHCI* + O* * 2COC1* + H*0 + CP, 


free oxygen. To evolve phosgene quite free from oxygen in not slow a 

■ Aure of 50 pts. potassium dienromate, 400 strong sulphuric acid, aud 
iform is exposed to the heat of a water-bath in a flask fitted with an 
ig's^Sohd^nser, so that the chloroform which distils over may ^ow back 
Mja^er end of the condenser is attached a rather large wide tT-tube 
l^lipps of metallic antimony, to retain the free chlorine. This tube 
wanned from time to time with the flame of a spirit-lamp, to 
atopp^ up by the formation of solid antimonious ritloride 
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q^ntity of chloroform-vapour, which cannot be removed by any dry absorbent 
^mmerling a. Lengyel, Ann, Ch. Phami. Su'ppl. vii. 104). " 

Liquid Phosgene , — The gas prepared by the method just described condenses to a 
liquid at 0°, or more quickly at the temperature of a mixture of ice and salt. Only a 
portion of it c^in however be thus condensed, but the remaining gas may be used for 
other purposes. 20 grms. chloroform decomposed as above gelded aoily 4 grms. of 
rectihod liquid phosgene, whereas the theoretical quantity would be 16 gnus. Moreover, 
the liquid phosgene thus obtained always contains chloroform. 

A purer and more abundant product may be obtained by evolving the gas by Wilm 
a. Wischin’s method above described. As, howev'er, the presence of an uncondensable 
gas offers a great obstacle to the liquefaction of the pbosgono, it is best to regelate 
the flow of the two gases, so that the chlorine may be in slight excess instead of the 
carbon monoxide, this excess of chlorine being removed as above by passing the gas 
over metiillic antimony. From the antimony tube it is passed through a wide U-tube 
cooled by a freezing mixture, and from this the liquefied phosgene is from time to time 
quickly poured into a small flask also surrounded by a freezing mixture. Using stoppered 
bottles of the capacity of 3 or 4 litres, instead of the 10-Iitre flasks employ^ by Wilm 
and Wischin, and with a consumption of 80 litres of cjirbon monoxide, the quantity of 
liquid phosgene obtained in the course of a sunny day was about 110 gnus.; on a 
cloudy day, 60 litres carbon monoxide yielded about 60 grms. of liquid phosgene. 

Phosgene obtained by the method just described is perfectly pure, whereas that 
prepared from chloroform cannot bo completely freed from the latter, even by repeated 
fractionation. 

Pure phosgene is a limpid very mobile liquid, whoso vapours exhibit in the greatest 
intensity the well-known suffocating odour of phosgene gas. In water it sinks in the 
form of an oil, and gradually decomposes, with evolution of carbon dioxide. It 
Jjoils constantly at 8-2® (coir.) under a pressure of 766 4 mm. Vapour-density 
; 8*605 (calc. = 3*420). Sp. gr. of the liquid = 1432 at 0°; 1*392 at 18'6°, 

with water at 4^^ (Fmmcrling a. Lengyel). 

Phosgene gas is gradually absorbed by zmc-methyl, forming a white crystalline 
maiss, which is decomposed by water, giving off carbon monoxide (and probably also 
N xnarsh gas), and a mixture of propylic and butylic alcohols, together with a small 
'‘ quantity of acetic acid (Buttlorow, jakresh, 18G3, p, 476). 

According to BerLholot {Zdtsekr. f. Chcin. j 2] v. 480), phosgene does not act upon 
ethylene, acetylene, or benzene in the manner described by Harnitzky ; the observations 
of Other chemists, liowevor, are in accorduiico with llariiitzky’s results. (See Bknzekk, 
•jx 262, and Benzoic Acid, p, 306.) With acetone it produces dichloracetone 
(Wroblevsky, ibid. iv. 5G5). 

CUorocarbonlc Btbers. Ethyl-chlorocarbonate acts violently on zinc- 
methyl, pro<liicing carbon dioxide, ethylene, marsh gas (perhaps also methyl-ethyl), and 
ainc chloride : 

2COCl(OC^H‘) + Zn(CH>)* = 200^ + 2C*H* + 2CH‘ + ZnCP. 

Methyl chlorocarbonato does not act on zinc-methyl under the ordinary 
atmospnoric pressure; and when the mixture is heated to nearly 100°, only partial 
decomposition takes place, resulting in the formation of methyl carbonate and 
hydrocarbons (ethylene and its horaologues), also carbon dioxide and methylchlorido, 
the latter being produced by a simido splitting up of the methyl chlorocarbonate in 
presence of the zinc chloride produced. Plumhotetramethyl and mercury-methyl are 
likewise only imperfoctly decomposed by methyl chlorocarbonate at 100°. 

Ethyl chlorocarbonate is converted by zinc and sulphuric acid into ethyl carbonate ; by 
sodium^amalgarniinto alcohol, sodium carlx)nato, and sodium chloride ; by alcohol alone at 
ordinary temperatures, into ethyl carbonate and hydrochloric acid (Buttlerow, Zeitachr 
Ch.Pharm, 1863, p. 484 ; Jahresh. 1863, p. 474). 

Ethyl chlorocarbonato gradually mixed with potassium phenate yields potassium 
chloride and ethyl-phenyl carbonate (Fatianoff, Zeitsehr, Ch. Phamu 1864, p."' 

77 ): 


CX) 






+ C«H*OK = KCl -I- CO 


iOC«H* 

lOCT'H** 


With sodium mofiostilphide it formB tho ethylic ether of dicarbothionic add* 
S(CO*H)’* (V. Meyer, IJeut. Chem. Ges. Bcr. 1869, p. 297): 

2COCl(OC>H») 4- Na»S = 2NaCl + S(COOC*H»)*. 

OAmaOMT OXTSmuPBZSa. cos.— This compound, diKorered by 
{Ann, Ch, Pharm, Supply v. 326), is produced : 1. By direct combinaUoii, when ' 
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monoxide mixed with exeees of sulphup-vapour is passed through a red-hot porcelain 
tube. A» tiiTis prepMod, however, it is always mixed with free carbon monoxKie.-— 
2. A purer product ia obtained by decomposing potassium sulphocyanate with 
moderately dilute acids. Potassium suIphoc>'anato is added to a cool^ mixture of 
d vol. strong sulphuric acid and 4 vol. water as long us the mass remains liquid, the 
a<Aion being nip^rated by cooling, or assisted by warming, as may bo necessary ; and 
the evolved gas — after passing Uirough three U-tiil>M, the first containing cotton-wool 
impregnated with moist mercuric oxide to remove tiiiccs of hydrocyanic and formic 
aurids, the second containing fine cuttings of non-vulcanised caoutchouc to absorb 
carlnin bisulphide, and the third containing calcium chloride to absorb water — is 
collocted over mercury. The formation of carbon oxysulphido from sulphocyauic 
acid is represented by the equation ; 

CSHN + H=0 =r mv f cso, 

which, how'ovor, holds gotxi only for a fraction of the mixture, a largo jiortion of the 
sulphocyanic acid being at the same time resolvc<l into hydrocyanic and persulpho- 
cyanic acids, especially when heat is applied (iv. 379) (Thun). 

8. IJy heating urea with carbon bifiulphi<le to 110^ in a soalod tube, ammonium 
sulphocyanate being formed at the sumo time: 

COU^N-' -t- - COS + CSN.NU*. 


On optMiing the tube, the carbon oxysulphido is given off, together with hydrogen 
sulphide, from which it may be freed by lead acetate (Liulenburg, Zeitschr. }\ CAcw. 

[2] V. 268). 

4. Together with dictbyl-urea, I)}' pas.sing dry hydrogen sulphide into ethyl cyoaato 
(Lmienhurg, ilnd. 345) : 

2coNcni‘‘ 4- ir^s cos + coii*(c«h»)2n». - - 

5. Thiacctic acid heated to 800° is docomposfxl, with evolution of a gasaottf’'" 
mixture, three-fourths of wliich consists r>f liydrogon sulphide, and one-fourtft of 
carbon oiysulphide, perhaps mixed with a little methyl and marsh gas (Ladenbufg^^ 

6. Together with eujpliurous oxide, hydrochloric acid, and free sulphur, by haftItfB®* 
e-jui valent quantities of chlorhydrosulphuric acitl and carbon bisulphide to 100® for 
several hours in a sealed tube: 


SOHdUO + = COS + llCl H- 802 + S. 

The sulphur is dcjxisiUjd in large yellow crystals ; the sulphurous oxide cx>ndense8 to 
a liquid ; and on opening ibo tube, this comjMHind is given off as gas, together with 
liydrochloric acid and carlwn oxysulphido, which may ho froo<l from the other two 
gases by collecting it over water (I)ewar a. Cranston, Cftein. Nev^s, xx. 174). 

7. IVtgelher with sulphurous t»xido and free sulphur, by gently heating carbon 
hisulpliidft with an equivalent quantity of sulphuric oxide (Armstrong, Zeituchr. 
Chem. [2] vi. 247). 

Carlxm oxysulphide is a gas of sp. gr. 2*1046 (calc. 2 (t883), and may easily be 
poured from one vessel to another, it lias an aromatic odour like that of CK>mo 
resins, slightly also that of hydrt>gon sulphide, and a fe(5V>ler acid reaction than 
carl)on <lioxide. At a low red heat it is partly resolved into carbon monoxide and 
sulphur-vapour ; by a fine platinum wire ignited by the electric current, it is slowly 
hut completely decomposed, yielding an equal volume of cjirhon monoxida* It bums 
in the air with a faint blue flame, producing carbon dioxide and sulphur dioxidoi 
with lA vol. oxygen, it forms an explosive mixture burning with a shining bluish- 
white flame. It is not acted upon by chlorine or fuming nitric acid at ordinary 
temperatures, and does not form an explosive mixture with nitrogen dioxide (Than). 

WaUr absorbs about its own volume of carbon oxysulphide, acquiring a sweetUh 
and a^rwards a pungent taste, and decomposing it after some time. It appUasU tO 
exist in some sulphur springs and in the sulphurous gases of volc-anos. PotaMh4ey 
absor^ Ute gas as completely as carbon dioxide, though less quickly ; the solution 
exhibits the reactions of metallic sulphides, and when treated with acids gives off 
H^S and CO* : 

COS + 4KHO » CO*K» + K*S + 2H*0. 


Baryta ai^ lime water act in a similar manner (Than). It is absorbed b^ alcoholio 
pc torii- aolutioii cooled to a very low temperature, the liquid ultimatelj^ sohdif^ng to 
n eryataljUne nuuui of the potMium ealt of ethyl-dioxysulphocarbonic add (▼. 49) : 
COS -I- C»H»OK » CSO*(Cm*)K (Spnder, ZeUeckr. / Ckem. [2] v. 302). 

W: ■ 
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Neutral or acid solutions of hcd, copper ^ cadmium, and e^veif tcdts arfe not palpitated 
by the gas ; but when mixed with excess of ammonia, they yl^d:with it chalaeteristio 
precipitates of metallic sulpliides. Mercury is not altered by the dl^ at ordinary 
temperatures, but at the boiling h^t it slowly becomes cov^r*^ with^a film of 
mercuric sulphide ; the moist gas produces this effect at ordinal^ temperatures. 
Sodium decomfX)ses it even in the cold, and at a low red heat burns in it with 
explosion, fonning a black substance. Finely divided copper, Mleier, and iron 
decompose it without separation of free sulphur. Mercuric etkide, heated to boiling 
in a stream of the gas, is violently decomposed, yielding metallic mercury and a 
yellowish liquid (probably ethyl thiopropionate) having an alliaceous odour (Than). 

Carbon oxysulphido unites quickly with dry am'monia gas, and is rapidly absorbed 
by strong aqueous ammonia, forming oxysulphocarbamate : COS + 2NII* = 
CH*NSO. NH’, which when dissolved in water and heated in a sealed tube, is 
converted into ammonium sulphocyanato : CH^NSO.NIP — H*0 « CHNS.NH*, 
and when gently heated with a lead-compound, is converted into urea, CH®NSO.Nll* 
— H®S *■ CH^N'‘*0. The reaction with ammonia affords a ready means of dis- 
tinguishing carbon oxysulphide from the bisulphide, which is but slowly acted upon 
by ammonia (Bortholot, Zeitschr. f. Clicm. [2] iv. 415). According to Hofmann {ildd. 
V. 346), the best reagent for separiiting the two compounds is triethylphosphw,e, whicli 
unites immediately with the bisulphide, but lias no action on the oxysulphide. 

CAJRBOMT saXiEirZBXI. CSe*. — Formed, but in very small quantity, when 
moist vapour of carbon tetrachloride is passed over phosphorus selenide. The 
hydrogoti solenido formed by the action of the water on the phosphorus selenide then 
reacts with tlie carbon chlorida as follows : 

CCB + 2U2Se = 41101 + CSe*. 

It has not been obtained pure, but appears to bo a liquid having an intensely piingonfc 
and toar-exciting odour, resembling also when diluted that of carbon bisulphide. 
With alcoholic potash it yields the ethylic other of solenioxanthic acid, C^II'^SeO^ 
(Bttthko, Zeitschr,/. Chem. (2] v. 722). 

OA&BOXr SVZiPKZBSS. I. Bisui.phidk. CS^ — This compound is now 
' prepared on a very largo scale and applied to a variety of purposes. The several 
forms of apparatus used for its manufacture are similar in principle to the laboratory 
apparatus already described (i. 776), differing only in the forms of the retort and 
condenser, and in the mode of introducing the sulphur. For descriptions and 
figures BOG Richardson and Watts’s Chanical Technology, pt. iii. pp. 124-130. 
According to Sidot {Compt. rend. Ixix. 1303), the largest pVfxluct is obhiined at a red 
heat (not above that temperature). Waguer has suggested the production of carbon 
bisulphide by distilling some of the metallic sulpliides with charcoal in closed 
vessels. 

To purify carbon bisulphide obtained as above from free sulphur, hydrogen sulphide, 
and small quantities of other sulphur-compounds which give it an intensely disgusting 
odour, it must be rectified .and trealod with ah.sorbents. Boni^ro uses for this purpose 
a series of water-bath stills, the first containing pf»tHsh-ley, and the others solutions 
of lead, copper, iron, &c., to retain the hydrogon-sulpliide, &c. (Wagner’s Jahresberiekt , 
i860, p. 76). Sidot {loc. cit.) fir.st di.stihs it alone, and then agitateS’it with mercury 
till the shining surface of the metal is no longer blackened by it. Cloez {Compl. 
rend. Ixix. 1356) leaves it in contact for 24 hours, and frequently agitates it, with 
^ p. c. of its weight of mercuric chloride, which removes a fetid sulphur-compound ; 

decants the clear liquid ; adds 0'02 of its weight of an inodorous fat ; and distils 
it in the water-1 lath at a low temporuturo. The bisulpliido purified by either of 
these processes liAs an ethereal odour quite different from that of the ordinary 
commercial product. 

Uses . — Carbon bisulphide is now used for a variety of industrial purposes, chiefly 
on. actoUnt of its solvent power, eg. for the vulcanisation of caoutchouc; as a 
solvent of Caoutchouc and gutta-percha; as a substitute for ether in dissolving 
quinine and other alkaloids ; for the extraction of fatty matter from vegetable ana 
animal tissues ; for ivcoVering the oils ret^iined by the press-cake of olives and other 
seeds; for extracting oils and aromatic principles from seeds, spices, &c., and even 
for extracting the scents of flowers ; for these latter purposes it must of course bo 
very pure ; also for dissolving bitumen and sulphiu* from certain rocks in which 
they exist in too small a proportion to be extracted economically by other processes. 

The poisonous properties of carbon bisulphide have been turned to account for the 
'destruction of insects. According to IXiy^re {Technologiste, Aug. 1867, p. 673), 
gtain may be readily freed from insects, if kept in closed receptacles, witli a small 
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addition of the biaulphi||i6r grams of the latter to 100 kilo, of the grain). Tho 
bisulpbidlli not only silts tho insects^ but also the larvm and ova. The odour may 
bo completely mnwed by merely exposing g^n for a short timo to the air. 

Lastiy, tlia bisolP^^de is used in eloctHipladiig, a few drops added to tlio liquid 
causing Uke iHlYur to deposit with increased brightness. 

For details respecting tho industrial applications of tho bisulphide, see Chemicat 
7hch»ol€$ryt pt, iii, pp. 134-141 ; also Hofmann's Exhibition Report ^ 1862, p. 93. 

Reaction*, — 1, Carbon bisulphide passed through a tube lioated to bright rcxiness is 
partly resolved into its elements, carbon being deposited on tho sides of the tube, and 
sulphur passing off with the undecomposed bisulplndo. If the t\ibe bo filled with 
lumps of chaj:;coal, the sepamted sulphur is reconverttxl into bisulphide (Bcrtholot, 
Zeitsichr. /. Chem, [2] v. 128 ; Stoiu, ibid, 612). 

2. When carbon bisulphide is exposed to sunshine for some months in sealeii tubes, 
a brown substance is deposited, which after a while greatly interferes with tho action 
of the light. If, however, a small quantity of water be inlruduced into the tubes, 
tiiis substance is no longer deposited, anvl the w’atcr takes up a siuall quantity of formic 
acid : 

CS" ^ 2U*0 « CAPO^ -4- H'S + S. 

On removing tho watery layer and the undi*oomposo<^l bisulphide, a bulky solid 
substance remains, consisting of carbon sesqui sulphide (O. Loow, ibid, iv. 
622). 

3. When a long thin plate of gold or platinum wound into a spiral with tin-foU is 
ininicrsed in carbon bisulphide, the latter is doctimpostHl, sulphur combining with 
tho tin, and Civrbon being deposited in small crystals (Liounet, Compt, rend, Ixiii. 
213). 

4. The action of carlion bisulphide on various nietivllic salts at a red heat has been*; 

etudied by W. Muller cxxvii. 404 ; Jakresh, 1866, p. 120). Potassium 

ehromatc ignited in a current of the vapour yields piitassium trisulxdiidc, eliromium 
sestjuisulphide, and giiseous products : 

2CrO‘K* + 6CS» « 2K*S> + Cf^S* + 4(^0 + CO^ + SO». 

Amnumium chromate yxoVla similar products. Potassium antimonate is converted into 
Bulphantinionite, according to the equation : 

43bO*K + 6CS* = 43bS’K + 3C02 -f 2CO + 2SO». 

Ammojiium antimonate yields an ammonium jxilysulpliide, together with aniimonioUfl 
sulphiilo. Potassium inanganate. at a strong reil heat is cMmvorbMl into potassium 
Irifeiilphidc and manganous sulphide, with evolution of carbon dioxide : 

MnO‘K=' -f 2(;S2 ^ K-S* + MnS + 2(’0'^. 

Barium mangannte yields similar ptfshicU. Anbydnujs sodium pyropJtospkafe yields 
srdium inetaphosphate aiul mou *suli>hide, t4*getln5r with carbon monoxide and free 
sulphur ; 

F-'O^Na* + CS= - 2PO»Na + Na^S + VO ^ S. 

Stxlium metaphosphaie is not alt< re<l under the same circumstances ; but potassittm 
mfiapht>sphaic is decomposiMl at a Iiigher Icinpcrature, with formation of a sulphide of 
phosphorus. 

6. Oxamidc heated to 180'’-200^ in sealed tubes with carbon bisulphide, forms 
ammonium sulphocyanate, carbon oxysulphide, and c.arbon monoxide : 

+ CH^ « C>SN.NH« + COS + CO. 

The tulles must be opened frr)m time to time to allow tho gjises to escape. With 
the re;ietion is more complex, a wmbustiblo gas not absorbo<l by cuprous 
chloride, perhaps methyl, being likewise ovolve<l, according to tho equation : 

2(COCH».H^N) + CS* = CaN.NH« + COS + CO + (CH*)* 

If alcohol is added, mercaptan and ethyl bisulphide are also found amongst the 
products (Lodenbuig, Zeitschr. f. Chem. [2] v. 478). 

6. For the ration with sulphuric chlorkydrate see p. 407. 

7. Carbon bisulphide readily dissolves tho chlorides, bromides, and iodides of phos- 
phoi^, antimony, arsenic, sidphur, and selenium, also hydrogen bisulphide, and mixes 

the Utrarhlorides <A tin and titanium. \ but the fluorides, chlorid^, bromides, 

A 1 oxides of most metals, and all oxygen salts, are insoluble in it. 

A solution of phosphorus in carlx)n bisulphide exerts a riMlucing action ; a solution of 
trromine or wdiw, an oxidising action (a*>re, Phil. May, [2J xxx. 414). 

8. Carbon bisulphide may be detected in wtd-ym ty passing the gas (c^miplctcly 
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freed from hydrogen sulphide) over red-hot copper-foil, if any bisulphide is present, 
the copper acquires an iridescent siwface, and its nitric acid solution dilut^ with 
water yields after some time a precipitAto With barium chloride Z^ttsckr. 

Chem, [2] vi. 253). = . t ^ ' ^7^, . 

Hydrate of -A hydrate 2GS*.H*0 in white 

crystolline scales when moist carbon bl^lphide is strongly cooled^by evapora- 

tion. It decomposes at about —3°, and is therefore as inflammable as the bisulphide 
itself (Berthelot, Ann, Ch, PJiys. [3] xlvi. 490; Duclaux, Bull, 8oe, CHfn, viii. 

268). -sf 

Cakbon Sesquisulphide. — This compound is formed by digesting 

recently precipitated hydrogen carbosesqui sulphide, H'^C^S* {infra\ with strong aqueous 
ammonia at a gentle heat, and treating the dark red filtered liquid with a current of 
chlorine. The sesquisulphide is then precipitated, and may be freed from adhering 
sulphur by moans of sodium sulphite, washed with warm water, then with alcohol, and 
dried. It is also formed when the bisulphide is enclosed, together with water, in 
sealed tubes and exposed for a long time to the sun’s rays (p. 409). It is an amor- 

S hous, brown, inodorous powder, insoluble in alcohol, other, and carbon bisulphide ; 

ecomposod into its elements by a heat a little above 200° ; not altered by ammonia, 
soluble without decomposition in boiling potash-ley. It is oxidised by weak nitric 
acid, yielding an acid, the barium salt of which is soluble in water, the lead and silver 
salts sparingly soluble. This acid has j:K)rhaps the composition (C®S*)"H*0* corre- 
sponding to oxalic acid (O. Loew, Zeitschr. f, Chem. [2] i. 722 ; ii. 173 ; iv, 
623). 

H ydro gen Carhosesquisiilphidey is produced by agitating carbon 

bisulphide with pasty sodium -amalgam. On throwing the resulting mass into water, 
filtering the blood-rod solution, passing hydrogen sulphide into it to decompose a 
mercurial compound, and pouring the liejuid into dilute hydrochloric acid, hydrogen 
sulphide is given off, and a rod fiocculont substance is precipitated, which when 
purified by washing with water, dissolution in carbon bisulphide, filtering, and evapor- 
ation, has the composition This substance molts at 100° and decomposes at 

a somewhat higher temperature ; it is slightly soluble in alcohol and other, more 
freely in carbon bisulpliido and in alkaline sulphides. 

Hydrogen ciirbososquisulpliide is an acid, and is analogous in composition to 
glyoxalic acid, ; it might tlioroforo bo called thioglyoxalic acid. 

Boiled with harytay it forms the salt BaC’-^S^, which, when treated with hydrochloric 
acid, reproduces the hydrogen compound. In the same reaction there are 
formed oxalate, sulphide, and carbomoiiosulphido of barium, as shown by the 
equation : 

2C=‘S’IH + 6BaO = C^O^Ba + 4BaS -t C^S^Ba + 2n20. 

The sodium salt is formed, together with sodium sulphide, by heating sodium in a 
sealed tube with carbon bisulpliido to 140°- 150°. The carbosesquisulphides of the 
heavy metals are dark-coloured precipitates. Tho copper salty which has a black- 
brown colour, is produced when finely divided copper is digested for several hours in 
sunshine with carbon bisulphide and water (Loew, loc. cit.). 

Hydrogen carbososquisulphido is likewise formed by prolonged digestion of phos- 
phorus pentasulphido with acetic acid at 150° in a flask. furnished with a condensing 
tube. The residue left after distillation is washed with water and weak soda-ley, 
and dissolved in a closed vessel in carbon bisulphide at 120°. Tho solution when 
evaporated leaves the compound C^S’H*. The portion insoluble in carbon bisulphide 
is a body which appears to have tho composition C^S ; it dissolves with rod colour in 
hot concentrated sulphuric acid and is attacked by nitric acid. Carbon sulphides con- 
taining lower proportions of sulphur are likewise formed by tho action of phosphorus 
pentasulphido on many organic bodies (Loew, Z^tschr, [2] iii. 20 ; Jahresb. 1867i 
p. 167). 

The action of sodium-amalgam on carbon bisulphide was first examined by Ldwig a. 
Hermann {Jahresb. 1860, p. 397), who obtained compounds of sodium with sulphur 
and carbon of uncertain composition; afterwards by Guignet {ibid. p. 122). Girard 
{Compt. rend, xliii. 396) found that nascent hydrogen evolved by sine and dilute 
sulphuric acid converted carbon bisulphide into a crystallised compound, CH*S, 
volatile at about 150°, and another substance not examined, hydrogen sulphide being 
at the same time evolved. 

CAXJiOirATBB. Ammonia Carbonates. — An elaborate examination of 
those salts has lately been made by Divers (fdhem. Soc. J. [2] viii. 171 [1870]). The 
main result of this examination is tho discovery of the normal carbonate, and a 
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of the oondomon* arrived at by DwrUle (b 190) respecting the composi- 

tion of tbe acid fwrboaates : 

Nonrua«MbSBito, CO«(Nbt*)>(H«0)» ^ - CO*(NH‘)« + H«0 

Acidailbonat»v(CO*KNH»XH>0) ? ' i ’ „ 

Hafr-a<^^or Sesqm-carbonate. (C0»)*(Nn>)'(H»0)‘ = + H*0. 

Theoarbodato of ammonia now found in commerce appears to bo a mixture or 
compound of iwid carbouate and carbamate, represent exi by the formula : 

CO^NII*)!! .2[CO'^(NH=)(NH«). 


The preparation, physical pixjjwrties, and chemical rend ions of these salta are ftilly 
discussed in tho memoir above rcferri'd to, which also contains a v<'i*y complete history 
of tho investigations relating to them. 

Tho acid carbonate (K'curs below the guano of tho Chinca Islands, as a saline deposit 
smelling of ammonia (Ph’psou, Chvm. Soc. J. [2] i. 74). 

Barium Carbonate . — Tho precipitated salt dissolves, under a pressure of 4 to 6 
ntinospheros, in 132'3 pis. of water saturated witli cjirbonic acid, and is afterward® 
retained in this solution under ordinary atmospheric pross\iro. Tho solution when 
left to evaporate deposits a heavy jirecipitato consisting of a mixture of amorphous 
and crysbillino barium carbonatu; at tho boiling heat tho whole of tho barium is 
precipitated as crj’stalline carbonate. The salt appears, therefore, to bo insoluble in 
wutor (R. Wagner, J. pr. Ckem. cii. 233; Jahresh. 18(i7, p. 135). 

Calcium Carbonate . — A hydrate conLiining CO^Ca.GiPO is formed on passing 
carlxm dioxide into lime-water or a solution of sugar-limo cooled to between 0° and 
+ 2'^, or V)y precipitating calcium chloride with sodium carbonate at ^ho same 
tcnuxiraturo. The precipitate, tl(H*culent at lirst, soon becomes cryBbilline, and after 
washing with ice- water and drying at 0^, contains 2t> p. c. Wiitcr, answering to tho 
formula above given. At 30*^ it is <]iucklY cniivertcsl into a Kcniifluid mixture of 
water and anhydrvjus carbonate ; at 20^ this change bikes place somewhat moro 
slowly ; and at lower tomperaluros the salt gnulually effloresces. Calcium carbonato 
precijiibiUxl at temperatures aliovo 30^ is always anliydrous ; between and 30® 
(«. 7 . at l0'^-20®) precipitates are formeil, containing (jnautities of water (10 to 27 P- c.) 
varying not only with the temperature, but with the time occupied in tho pre- 
cipitation (J, Pelouze, Bull. Soc. Chim. |2j iii. 183), Calcium carhonatocMoridc, 
CaCl*.2CaCO* + (511*0, was obtained us a sandy crystilline residue on dissolving in 
water some cry'stallisc<l calcium chloride which luul been prcparwl on tho largo scalo 
for bx^hnical purposes, 3'ho crystals are decornjxised by ]jro]onged contact with 
water, the chloride dissolving and the carbonate remaining in the form of skeletons, 
wiiich under tho inicroscojie appear like aggregates of amorplious spherical masscH. 
The same double salt is fonmvl when a solution of calcium chloride tuix«l with 
amnamia is loft exjKJseil to tho air, its formation b<‘ing ucceloralod by excess of 
carbonic acid in the air jvIxjvc the liquid. 

On the solution of calcium carbonate aral <l(»loinite in saturated m^ueous carbonic 
acid, see Cossa {Zcitachr. anal, Ckem, 18(5!!, 145 ; Zeitarhr. f. Ckem. [2j vi. SU). 

Cupric Car bon ate . — By dissolving the precipitated basic carbonate in saturated 
aqueous carls>nic acid under a pressure of 4 to 6 atmospheres, a greenish solution is 
formed containing 1 pt. of tho neutral salt CO*Cu in 4,000 pts., and do{>ositin^ an 
amorphous basic salt when heato<l U> boiling. The jx^rtion of the original precipitate 
not dissolved by the aqueous csrlamic acid is a greenish crystalline powaer having 
tha composition of malachite (Wagner, loc. cit.). 

Ferrous Carbonate occurs as an amorphous hydnito, CO*Fe,H®0, in the mines 
of Pontp^n (Dep. d’llle-et-Vilaine) ; white, earthy; but little alterable in the air, 
and scarcely decomposed by acids at ordinary temperatures (Massiou, Compt. rend. 
lix, 238). Ferrous carbonate (spathic iron) dissolves, under tho conditions abore 
specified for the barium salt, in water saturated with carbonic acid, forming a 
colourless solution which contains 1 pt. in 138 of tho normal carWnate, and when 
heated to boiling deposits a black amorphous precipitate (Wagner). 

Indium Carbonate is a white gelatinous precipitate, soluble in ammonium 
carboi^te, reprecipitated on boiling, insoluble in fix^ all^line carbonates. The 
precipitate formed in indium solutions by alkaline bicarbonates is also soluble ia 
excess of the reagent (Winkler, J. pr. Ckem. xciv. 1). 

Lanthanum carbonate, 2CO*La.5H^O, precipitated from the sulphate by. 
neutral or acid sodium carbonate, and dried at ordinary teinperaturos, forms micaceOttS' 
scales having a silky lustre (Hermann, ibid. Ixxxii. 38^). 
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lead OarbSnates.— The Balt lead) is nearly insoluble in saturated 

Hgueous carbonic acid even under prei^&ure r 1^® carbonate obtaine<| by precipitatioR 
mth sodium carbonate is perceptibly solu^C therein, 1,000 pte. of the solution 
containing 0*6 pts. of noraial lead carbonat^ |yj^[U|r). On the fo^ation of carbonate- 
chloride of lead, see p. 405. - : 

Magneeium Carbonates.-— to Merkel {Jahresh. 1867, p. 136), normal 
magnesium carbonate, CO*Mg, requires for solution at d'^under pressure of several 
atmospheres of carbonic acid gas, the following quantities of water: 

Atmospheres ... 1 2 3 4 5 6 

Parts of water . .761 744 134 1107 110 76 

At other temperatures the solubility is in proportion to the quantity of carbon 
dioxide absorbed by the water. 

On the reaction of a mixture of magnesium and calcium chlorides with 6t)diuni 
carbonate, the solubility of the carbonates of oalcluiu and magnesium in solutions of 
calcium and magnesium salts, and the action of dolomite or gypsum and magnesite 
in presence of water containing carbonic acid, see T. 8. Hunt {Sill. A?7i. J. [2] xlii. 49 ; 
Jahresh. 1866, 177). On the reaction of basic magnesium carbonate and gypsum 
with carbonic acid water, see also Gbssmann {SUL A/fi. J. [2] xlii, 217, 368). 

Manganous C arhonate. — According to E. Prior {Ztiischr. anal. Chem. 1869, 
428), the precipitate formed by ammonium carbonate in manganous sulphate has, 
after drying by pressure, tlie composition CO^Mn.Il'^0, and gives off half its 
water over oil of vitriol. The precipitate formwl by fixed alkaline carbonates in 
an atmosphere of hydrogen, and dried out of contact with the air, has also the 
composition CO^Mn ; if precipitated in contact with the air, it contains varying 
quantitiei^of manganoso-manganic oxide. 

Carbonates of Potassium aud SodUim. — 100 pts. water at 10® dissolve 
24’4 pts. of CO*KH and 8-3 pts of CO*'NaH (G. J. Mulder, Jahresh. 1866, p. 87). 

The double salt C0^KNa.61I‘^0, which Marignac obtained by cry.stallising a 
solution conbiiniiig equivalent quantities of the component salts, has boon obtained 
by Stolba {Bull. Soc, 6V«‘w. [2j iv. 192) in purifying tlio potash of beet-molasses. 
The salt is decomposed by recryshillisation, yielding crystjils contidning larger 
proportions of sodium carbonate aud water, and a motlier-liquor richer in potassium 
carbonate. Prom a solution containing exce.ss of potassium carbonate, however, tlie 
double salt may bo crystallised without alteration (see Audher Bull. Soc. Chini. [2j 
vii. 241 ; Jahresb. 1866, p. 166). 

Crystallised sodio-calcic carbonate^ (CO*)2CaNa'-'. {GagJjussiie), is formed on 
mixing an excess of a saturat-od solution of sexlium carbonate (sp. gr. 1‘185 to 1-200), 
with a solution of calcium chloride (sp. gr. 113 to 1*16) ; the best proportions are 
10 vol. of the former to 1 vol. of the latter. The liquid gelatinous mass at first 
produced, quickly changes to a sediment composed of well-defined crystals, which are 
monoclinic like those of tlie native mineral; when quickly formed, they exhibit the 
combination ooP . — P; when more slowly deposited (from somewhat weaker 
solutions), they are usually larger, aud exhibit only the two homipyramids -t-P aud 
— P (Fritzscho, J. 2^r. Chem. xciii. 339 ; Jtthresh. 1864, p. 190). 

JRubidium ^ e, CO’Rb* (v. 131). 

Silver Carbonate, CO*Ag-, separates in crystals from a solution of I grm. silver 
nitnite in 16 gi-ms. water mixed with 1166 grm. sodium hydrate in 20 pts, water, 
and then with ammonia added by drops ; the liquid first deposits crystallised silver 
oxide, and afterwards crystals of the carbonate (II. Vogel, J. pr, Chem. Ixxxvii. 288 ; 
JahresK 1862, p. 228). 

Thallium Carbonate, CO’TR- See Tu-VI-lium-salts (v. 753). 

Thor in um Carbonate, (CO*)=Th (v. 787). 

Zino Carl) o7\ ate. — By dissolving the precipitated basic salt in saturated aqueous 
carbonic acid prepared under a pressure of 4 to 6 atmospheres, a solution ia 
formed containing 1 pt. of the neutral carbonate CO*/n in 189 pts. ; it becomes 
turbid under ordinary pressure, and deposits amorphous basic salt both by spontaneous 
evaporation and at the boiling heat (Wagner). 

Carbonlo Stlieni* Ethgl carbonate, CO*(C^H*)*, is formed, together with 
carbon monoxide and alcohol, by the action of sodium ethylate or potassium ethylate on 
ethyl oxalate. In its formation from the latter by the action of sodium or potassium, 
it is probable that ethylate of sodium or potassium is first formed, and then reacts as 
above (Cranston a. Dittmar, Chem. Soc. J. [2] vii, 441). See Oxalic Ethxbs in this 
volume. 
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Kthvl carbonate, saturated with boated to resolved 

into ethjrl bromide, carbon dioxide, and -patedT (l® Oal, Compt rend, tlx, Witll 

todium It yields Bodium^ethylcarbonaU^ i^yl oxuJe, and carbon monoxide t 

3C0»(€*H*)^ + Na»‘;W ^*C»H*Na ^ a(€*H<^)*0 + CO. , \ 

The same products are obtained when orayl carlxiiiato is heated with sodium "ethyUte 
in a sealed tube (Geuther, CAem. [2j iv. 658). 

Eihyl-phenyl carhonafe, pcodnml bj" the action of pomssiuiu 

phenate on ethyl chhmx'arbonalo (p. 406), and sj'piirutod fmin tlio warmed mixture 
by water, is a transparent, eolourless, stnuigly ret'niclin^ liquid, liaving an aromatio 
odour, resembling also that of phenol, a sp. gr. of 1117 at 0", and boiling (thoil^ll! 
not constantly) at 234'^. Jly boiling wills Ijarybi-water, it is ri'solvo<l into ethyl 
alcohol, phenol, and oarhoii dioxide, witlnnit formation of salicylic acid (Fatianoff^ 
ZeUschr. Ch. Phttrm. 1864. p. 77). v 

Ethyl orthocarbo7iatr, CO‘(C*lI^)* or C(OC*Ji')h discovered by Bassett, il 
described in vol. iv, p. 238. 

CA&BOW APHTHA3«ZC ACZD. Syn. with NArnniYL-CAunoNic; Acid (tjf.u.), 

CA&BOinrSMrZC ACXB. -An acid nearly related to usnic acid, 

(C*"K*"0’), existing in f'swcrt harhata^ Ht>fFm., a lichen which grows on cinchona 
hark. It is extracted by treating the lichen with milk of linto and with alcohol, 
precipitating tlio resulting solution of the calcium salt with hydrocliloric acid, and 
recry.sUillisirjg from ether. It forms sulphur-yellow prisms, insoluble in water, 
slightly soluble in alcohol, dissolving in 334 pis. ether at 20'^. From solution in 
alkalis or lime-water, it is procipitutiKl hy carbonic nci<l ; not coloured Ity chloride of 
lime. Melts at 1 95 4® (u.snic acid at 201 '8®). When boiled with alcohol treated 
with baryta-water in sunshine, it is resolved into carbon dioxiilo and an acid 
prcc'ipiutcsl by hydraohloric acid and crystallising in prisms ; porhaiis evornic acid 
(O. IIcssc, Ann. Ch. Pharm. cxxxvii. 241). 

CAMOinrX,-X>X8irX.PBOBZi;TKYX.. CO(SC2JT»)*.-A compound isomeric 
with xanthic ether, pnxluoed hy the action of strong sulphuric acid on ethyl sulpho- 
cyanato (Schmitt a. Glutz, Zeitsekr, f, Clwm. [2j iv. 723), Son Bulphocauuonio 
Kthkhs. 

CAXtBOPTBOX^AlMEZBll. Syn. with IlrPYUOMrcAMiDK. See Pyhomucic Acid, 
Ami DKS OF (iv. 765). 

CAABOXYX, COOir ; also called Oxaiyl. — A radicle supposed to enter into tho 
composition of organic acids fp. 38). 

®AXBOXTXiXC ACZX>. — An acid formed by oxidation of tho hydro- 

carboxylic achls (iii. 189; iv. 296). 

CAXaTXiAlltXiriSS. Sec Cyaxiuks, Alcoholic. 

CARVCXlBrXTlS. A copper ore approaching nearly in composition to Cu’S.OuS, 
occurring, tf^ether with rod copper ore, malachite, and tilo ore, on tho island of 
Carmen, in tho Gulf of California. It is nuissive, impf-rfwtiy cleavaVdo, of dark 
Btcel-bluo colour ; hartlness 3-5, and sp. gr. 5 29 (Halm, Jahresh. 1865, p. 808). 

OAXMCXXfX-&S!D. Sec tho next article. 

CAXncziiXC ACXB (i, 804). C. Schaller {Bull. Soc. Chim, [2] ii. 41 4) prepare# 
this acid by precipitating the afiucous extract of c<M'hineal with neutral load acetate 
slightly acidulated with acetic acid ; decomposing tho washed precipitate with 
sulphuric acid ; again precipitating the flltmto with letul acetate, and decomposing the 
precipitate with sulphuric acid, avoiding an excess; then precipitiiting a third time, 
and decomposing this precipitate with hydrogen sulphide. The filWred solution i« 
evaporated to dryness ; tho residue dissolvetl in absolute alcohol ; tho crystallino 
nodules of carminic acid obtained on leaving this solution to evaporate are freed from 
* k ^ substance by washing ^th cold water, which dissolves only the carminic acid ; 
ana the residue left on evaporating the aqueous solution is rocrystallise^l from absolute 
alcohol or from ether. Schaller assigns to carminic acid the formula C»H'"0“, differing 
•4 j Schiitxenbe^er, C*H»»0» (i. 804). It is bibasic, forming 

aoid and neutral salts. Tho neutral sodium salt is obtained by mixing the solutions 
Df the acid and of catistic soda in absolute alcohol, ns a precipitate which crystallises 
irom water in nodular groups. 

Accowling to Hliuiiwetz and Grahowski (Ann. Ch. Pharm. cxli, 129), on the other 
“And, the composition of carminic acid is represented hy the formula C*’H**0’*. WitJi 
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whd» imMt alcohol out of conte^ 

120^>7l80° the domposi^it^ 


is dajEk*violfit precipitate, which 


i solutioil of this salt is precipitated bj the jdbQMfS^ strontium, and 
L ; the dried at ISO^ 


^<}aiti^ie liid ,i# a glp^de, and is resolved. |^ )>oUihg with dilute acids into 

-earmiiiis^red^a&dsii’^r; ' ' 

’ r Tj u; , c‘»Hi*o*'» + 21120 « C‘*H**(r + c«h»®o* 

acid. red. 

Tabm^zl these products of decomposition, the dark violet precipitate formed by lead 
acetate in a filtered decoction of cochineal, after being carefully washed, is decomposed 
with dilute sulphuric acid, and the dark red filtrate, completely freed from lead by. 
hydrogen sulphide, is boiled for several hours in a flask having an upright condenser 
with sulphuric acid (10 c.c. of the concentmted acid to 1 pound of cochineal). The 
liquid is then mixed with levigated barium carbonate till both the precipitate and the 
liquid assume a violet colour ; the liquid is filtered as quickly as possible ; and the 
filtrate is precipitated with neutral load acetate. The precipitate (A) contains the 
carmine-r^ ; the liquid (B), which is mostly reddish, contains the sugar. The solution 
freed from lead by hydrogen sulphide and cautiously evaporated — best under the air- 
pump — leaves a honey-yellow syrup, from which alcohol throws down a sugar-barium 
compound, (C“H®0®)2]Ba, in white flocks which become gummy in drying. The sugar 
separated therefrom has the composition at 50°, and at 100°. It is 


a honey-yellow, amorphous, hygroscopic mass, having a faint odour of caramel and a 
bitterish taste ; easily reduces cupric oxide in .alkaline solution ; exhibits Pettenkofer’s 
reaction with bile, even in very small quantity; is nearly insoluble in alcohol, 
unfermentablo and opticiilly inactive. 

To separate the carmine -rod, the precipitate (A) stirred up with water is treated 
with dilute hydrochloric acid, till, on adding the acid by drops, the colour of the 
liquid, which has become scarlet, suffers no further alteration. The filtrate freed from 


lead by hydrogen sulphide is then evaporated at a gentle heat; the residue is dissolved 
in cold water; and the solution is perfectly dried over sulphuric acid under the air- 
pump. Pure carmine-red, ia thus obtained as a dark purple-red shining 

mass with green reflex, triturable to a very slightly hygroscopic powder, soluble with 
fine red colour in water and in alcohol, insoluble in ether. When burnt, it leaves a 


trace of ash, consisting of lime, iron, and phosphoric acid. On mixing the alcoholic 
solution of carmine-red with nn alcoholic solution of potash, a potassium salt 
is precipibitod, with red colour changing to dark violet. The aqueous 
solution of this salt gives, with barium chloride, calcium chloride, and zinc sulphate, 
dark violet precipitates containing respectively C'*H’®0’Ba, C*’H*®02Ca, and 
C"H’®0’'Zn. Another zinc compound, (C”H“0^)2Zn, is deposited on leaving a 
solution of carmine-red (or carminic acid) in contact with dilute sulphuric Eicid and 
excess of zinc, as a pulverulent mass exhibiting a green translucence, A solution of 
carmine-red boile<l with zinc and sulphuric acid, or warmed with sodium-amalgam 
out of contact with air, becomes almost colourless, yielding easily decomposible 
products. 


Cooolnln, is formed, together with oxalic, succinic, and probably acetic 

acid, by fusing carmine-red with 3 pts. of potassium hydrate liquefied with a little 
water (or crude carminic acid with 4 or 5 pts. potash) till a samplb of the fused mass 
dissolves in water with gold-brown colour. By decomposing the aqueous solution of 
the product with dilute sulphuric acid, filtering to separate a resinous substance, 
agitating the filtRite with ether, and evaporating the ethereal solution, a crystalline 
residue is obtained from which water extracts the above-mentioned acids, leaving the 
coccinin (which is formed only in small quantity) undissolved. The coccinin, when 
freed by pressure from a brown extractive matter and recrystallised from hot dilute 
alcohol, forma yellow micaceous laminm having a greenish tinge in the mass, but! 
appearing under ""the microscope as straw-yellow rectangular tablets, apparently^ 
belonging to the rhombic system, and exhibiting the colour-phenomena of polarising 
crystals. 

It is insoluble in water, easily soluble in alcohol, sparingly in ether, very soluble 
in dilute alkalis. The alkaline solution is yellow at first, but on exposure to the air 
becomes green, then violet, and at last purple-red ; the solution in ammoniacal water 
soon turns violet when agitated with air; the alcoholic solution is coloured red by. 
ferric chloride. The solution in strong sulphuric acid, which is yellow in the 
beoomes indigo-blue when warmed or on addition of a few grains of manganese dioside* . 



CABNAtliPI-mT. 


With sodiwn* 
and then dariL 



V a daHt blue amoxphdiur 


fame time deposited. ooceifi 

on passing ammonia gas ibi!; i^ed substance ; the 

lead acetate a yellowish quickly chan^ 

Orabowski). , ‘ 

OAJtSTAVBA. WAX. See Canauba Wax (p. 391). 

OAUTA&Xim, XCl.lSIgCl*. is found in tlie lYxsk^ialt ^ ii 

Haman in Persia (Gabel, J. pr. Chem. xcvii. 6 ; Jakresh. 1865* p. 912). 

CA&TKABCXXr. According to Malin (Amu Ch. PAnr 7a. cxxxvi. 115)*thljtMloiir« 
i ng matter, fused with potash till hydrogen is rapidly given off and the aqueous scdution 
of the mass is no longer precipitated by acids, yields paraoxybenzoic acid, to|i6thor 
with oxalic acid : 

Ci*H‘«0- + O = 2CG1W + 2H-0. 

CortUaniin. I’am-oxy- 

bcnzoio 
acid. 



CASItVZOXinr* A substance which separates from the concentrated aqueous 
extract of cauliflower and other species of Brassiea, in mieroscox>ic loaf-like crystals, 
which on addition of alcohol to the solution, change into grannies grouped in hexagonal 
masses (H, lieinsch, N. Jahrb. Pharm, xxvi, 196; xxvii. 197 ; Jakrew. 1866, p. 706 ; 
1867, 767). 

CAJRlTOXi. — Carvol from oil of caraway does not unito with potash, but 

is converted by it into the isomeric com|X)und carvaerol. When vapour of ciurvol is 
passed over heated zinc-dust (metallic zinc, oxide and hydrate), two hydrocarborfs aro 
obtained, viz. boiling, after distillation over srxlium, at 173°, aadl C*®!!**, 

boiling at 176°-178°. The hydrocarbon is oxidised by chromic acid to tero- 

phthalic acid, whereas can’^one fnmi oil of caraway (i. 809) yields by tlio same treatment 
oxalic acid and a resin. This liydrocarlmn gives also with fuming sulphuric nci<l a 
sulpho-acid identical with that obtained from cymeno (Arndt, Zeit6chT. f,Chetn, [2] iv. 
730). 


CABCAJmZiZirB. A base obtained from cnRcarilla bark (from Croton 
tUuieria)^ and allied in its properties to ricinino (Tuson, Chem. ^c. J. [2J ii, 

CJkBMXK, Sco Pbotridks. 


CABBfTVZUM POMUrBKUM:. The kcrnelH of this tree, called Acqfou 
nuU, yield 41*8 p. c. of a sweet pale yellow oil, of sp. gr. 0*916. The pericarp yields 
35 p. c. of a white viscid vesicating oil, of sp. gr. 1*014; this oil becomes dark- 
coloured on exposure to the air ; reildons litmus ; dyes linen permanently yellow- 
red ; and dissolves in alcohol and other, leaving a white flocculont substance (J. Lepine, 
J. Pharm. [3] xl. 16). 

CASTAJTSA. See Chhstnut. 


OABTM l t X tiyM. A mineral from Guanasovi in Mexico, massivo, variegated on 
the surface, distinctly laminar, and having a sp. gr. of 6*186 to 6*241. Gives by 
analysis : 


S Cu Ag Pb Zn Fe 

25*65 41*14 4*64 10*04 12*09 6*49 « 100*06, 



a *• A mineral from the Langbans iron mines, in Wermlaodl, 

B^en, whew it occurs imbedded in grey chlorite. It has the crystalline form of 
corojento, and appearsto be a product of the alteration of that mineral. Ash-grey, 
tmoslocent at the thin edges, gjnsdnally turning red on exposure to the air. Hardness 
« 2*5 ; 


BIO" Al*0** OsO MgO 

40*06 28*96 7*43 8*20 


K*0 N»*0 Loesby lc;nltton 

6*90 6*26 3*22 to 1*0: 


+ 6(2tt*0*.88i(X)(IgBl»tr5ih,.r«AfwJ.l«67, 


* With a smsll quanta of fbrrle oadde. 
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OA.TBCBnr (Zweng^ Ann. Ch. ;xxxvii. 320; Neubauer, i6id. xcvi, 

337 ; Kraut a. van Delden, ibid, cxxviii. 285 ; a. Malin, ibid, cxxxiv. 118 1 

Scbiitzenberger a. Raak, JBzdl. Soc. Chim. [2] iv. 6). — r^is substance gives by analjVig,- 
in the air-dried state, about 62 p. c. carbon and 6 p. c. hydrogen ; dried at 100°, about 
61*4 p. c. carbon and 6*0 hydrogen. These numbers agree approximately with the 
following formulae, by which catechin dried at 100° has been represented by different 
chemists : 

Slwenger Neubauer Hlaslwctz SchUtzenberger a. Rack 

a. Malin , ^ — .. 

020JJ180« 

Kraut a. van Deldon also represents catechin dried at 100° by the formula 
and the air-dried substance by . 2H20. 

Catechin melted with potassium hydrate is resolved into protocatechuic acid and 
phloroglucin (Hlasiwctz a. Malin) : 

-f* 02 = C’H«0* -h 2C«HW 

Catechin. Protocate- Phloroglucin. 

clinic acid. 

Kino, which contains catechin, yields by similar treatment 12 p. c. phloroglucin, and 
is, according to Hlasiwctz, the best material for the preparation of that compound. 

Catechin boiled with dilute sulphuric acid out of contact with the air, or with 
alcohol contiiining hydrochloric acidf is converted into a brown amorphous powder 
called ca tech uroti n, insoluble in water and in alcohol. This substance appears 
to be formed from catechin by dehydration and [according to the formula of catechin 
given by Hlasiwctz] its formation may be represented by the equation : 

- 2n20 = 

Catechin. Catechurotin, 

Catechuretin treated with bromine-water is converted into reddish insoluble broma^ 
catechuretiu (Kraut a, van Doldon). These chemists give for catechuretin the 
formula (= — H*0), and for bromocatechurotin, C'2H*Br^OV 

According to Sacc {Compt. rend. liii. 1102), an aqueous solution of catechu heated 
to 100° for an hour with sulphuric acid deposits a brown powder insoluble in water, 
alcohol, ether, and acids (doubtless catechuretin), and the filtered liquid neutralised 
with calcium carbonate yields, on addition of alcohol, a precipitate consisting of 
the tartrates of calcium and sodium, and a filtrate which on evaporation leaves a 
residue of glucose. 

Catechin heated to 190° with benzoyl chloride yields two brown products, one 
soluble in alcohol, and having the composition of monobenzoyl-catechin, the other 
insoluble, derived in like manner from catechuretin. Catechin heated to 100° with 
water and phosphorous iodide^ PI*, forms a solution which gradually dej^sits a 
yellow elastic substance insoluble in water, alcohol, other, and glacial acetic acid, 
and agreeing approximately with the formula [or C^^H’^O^]. When a 

solution of catechin in acetic anhydride is mixed with pulverised barium peroxide^ 
and then with water, a white substence is precipitated, which when freed from baryta 
by repeated solution in glacial acetic acid and precipitation with water, has the 
composition [or A brown substance of the ^ame or nearly the 

same composition (called japonic acid) is obtained by oxidising catechin with 
potassium bichromate (Schutzonbergor a. Rack). 

CJLXBCBtr, ACZBS Ol* (J. Loowe, J. pr. Chem. cv. 32, 75 ; Zeitsehr. f. 
Chem. [2] V. 638). — 1. Oatechuic acit>, To prepare this acid, pulveris^ 
catechu is boiled with water ; the solution is left to stand for some days ; the 
crystals which separate are dissolved in water containing acetic acid ; the solution is 
precipitated with lead acetate ; and the filtered liquid, after being f«ed from lead by 
hydrogen sulphide, is left to crystallise in a dark place, Catechuic acid is thus 
ODtained in concentric groups of white microscopic needles, having the composition 
2C'*H**0*.H*0, which give off their water of crystallisation at 100°— 160°, and 
decompose at a higher temperature. 

The solution of catechuic acid in alkalis is colourless at first, but soon turns 
yellow. On addition of acetic acid the colour becomes lighter, and the sointion then 
gives a precipitate with gelatin. Ferric chloride colours the solution of catechuic 
acid chrome-green, and afterwards forma a brown precipitate. With sodium acetate 
and ferric chloride an indigo-blue colour is product. Mercuric chloride produces n 
white turbidity, soluble in hydrochloric acid ; cupric acetate throws down brown 
fio<^. No precipitate is formed by zinc acetate, potassium ferro- or ferri-cyanide, 
gelatin, alkaloids, or tartar-emetic. Silver nitrate is decomposed, with separation of 
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metallic silver. Potassium dichromsts forms a rod-brom^, pr^ipitate. ^lutions of ' 
catecUuic acid turn brown on esipOBurd to the air, and are then precipitated by 
¥ l^elatin. When boiled wiik acids, it deposits a brown -^wder consisting of 
catechuretin, which, according to Loewe, has the composition C**H*®0*®. The liquid 
filtered from this precipitate contains catechutannic acid, but no sugar. 

2. Catbchdtannic Acid. C**H*^0*. — The aqueous extract of wtechu^is 
evaporated ; the residue exhausted with alcohol ; ana the filtered alcoholic solution 
is freed from lime with sulphuric acid, then treateti with lead carbonate, finally 
purified with hydn.>gen sulphide, evaporated to a syrup, mixisl with water, and 
evttpt>rated to dryness. The residue is then dissolved in alcohol ; the solution mixewi 
with etlier, which produces a precipit.ate ; the filU^riMl ethereal solution evaporattni ; 
the residue moistened with water ; and the resulting mjuoous solution fllteriMl ftom 
cateehuic acid, which crystallisos out, and from catechiii by repeated agitation with 
ether, which dissolves the latter. On finally evaporating tfie solution thus purifiwl, 
catechutannic acid is obtained as a gummy, easily friable mass, vrrv soluble in water, 
insoluble in ether, sparingly soluble in a mixture of other and alcohol. Its aqueous 
solution gives an immediate procipitiito with gelatin, tiirtar emetic, alkaloids, ferric 
chloride either alone or mixtHl with sotiium acetate, also with ciquMC aceUite and sine 
acetattA ; it n duces silver nitrate, and forms with potassium dichromato a brown-rod 
preoipitiite. with mercurous nitrate a white, with platliilc chloride a yellow, and with, 
auric chloride a brown precipitate, after a while also metallic gold. Hydrochloric 
ncid added to the solutioii throws down yellow flocks ; sulphuric acid rosinisds 
pulverulent cntccliutannic acid, but after the latter has absorbed water, forms a 
yellow powder. Tlie solution of ciitoehuftinuic acid is coloured l>rown by caustic 
alkalis, becomes lighter on addition of acetic acid, and then yields with lead acetate a 
precipiUdo which quickly turns brown. The acid dissolves in ammonia, and the 
solution dries up over sulphuric acid to a varnish, which dissolves in water, is 
precipitated by acetic tveid, but is not altered by gelatin, Catechutannic acid when 
iicaU'd gives off waiter, and tlien a yellow liquid whieli soliditUiS to small prisms 
(pyrocatechin ?). On boiling tlio acid with water containing 2 ]>. c. sulnhuric acid, a 
brown resinous body separates, which when washed with water anti dissolytMl in 
alcohol le;vvcs on evaponition a gummy mass liaving the comiiosition C**H’*0*. 
Catechutannic acid is ulisorbod by animal membmnos.* 

U. The precipitiite formed by ether in the alcoholic solution of catechutannic ncid 
contiins two coni|xmnds, C'MI'‘’'0*' and C'^ll’^O*, agreeing in their properties with 
the japonic and rubinic acids described by SvanVierg (iii. 442 ; v, 182). 

'J'he portion of the tujuoous extract of catechu which is insoluble in alcohol dissolves 
partially in alcohol containing sulphuric acid ; and on removing the sulphuric acid 
fn,)m Ijio solution by lead carbonaU?, the lead by hydrogen sulphide, and evaporating 
the filtr.ite to dryness, a residue is obtained only a part of wliich dissolves on boiling 
with water, the remainder being however soluble in alcohol. The residue left on 
ovap'jmting the alcoholic solution thus obUiincd has the composition Tl*0, 

and is designated by Loewe as mimotan n ihyd roroti n. The aqueous solution 
when boiled also deposits brown flocks, which are likewise soluble in alcohol, and the 
resulting alcoholic solution leaves on evaporation a substance called mimotanni- 
rotin, having the composition O*. 

Finally, loewe confirms the observation of Hunge, that on agitating an aqueous 
solution of catwhuic acid with ether, and evaporating the ether, a base is obtained in 
combination with tannic acid. 

OA.TBCamtBTXS'. See Catbchiic, p. 416. 

CATSMXZO ACXX>. This, according to Dragendorff at 

Kubly Soc. Chim, [2] vii. 356), is the active principle of senna-loaves, in which 

it exists partly in combination with lime and magnesia. To prepare it, the aqueous 
extract of the loaves, evaporated to a syrup, is mixed with an equal volume of alcohol, 
and the liquid, filtered from the mucus and salts thereby separated, is mixed with' 
absolute alcohol as long as a precipitate is formed. The aqueous solution of this 
prwipitate, purified by a second precipitation with alcohol, and freed from all^minous 
substances by a few <^>p8 of hyaroeMoric acid, yields, on further addition of hydro* 
chloric acid, a precipitate of cathartic acid, which may be purified by precipitatiou 
with ether from the alcoholic solution. 

Cathartic add thus obtained is an amorphous substance, brown while ]|iolst» black 
after drying, soluble in alkalis, and jmecipitable therefrom by acids. It is a glucosids, 
and is resolved, by boiling wHb acitU in alcoholic solution, into sugar and g ydloir><r 
po^^r, insoluble in water and in ether, called cathartogafttw aeid* 
Xh^endom a. Kubly represent the decomposition by the jfbUowing equa^OBi - 
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CELHILOSE, 


OiMQin{fiOns + loH'O = 0*”H"*N*0“S + SC'H'K)* 

Cathartic add. Oathartogenlc Sugar. 

acid* 

It muat be observed, however, that neither cathartic nor cathartogenic acid has yet 
been obtained sufficiently pure to enable their composition to be determined by analysis : 
hence the preceding equation is to a great extent conjectural. 

The alcoholic liquids obtained in the preparation of cathartic acid contain a reddish- 
brown substance soluble in etherr and resembling chrysophanic acid; and in the 
portion insoluble in ether (together with Ludwig’s sonnepicrin, q.v.) a crystallisablo 
saccharine substance, called cathartomanni to. This substance is 

unformentable, optically dextrogyrate, and does not reduce an alkaline cupric solution, 
even after several days’ contact with dilute sulphuric acid. I 

CATBAHTOGSlOrZC AGIO . ) 

( See the preceding article. 

CATBARTOMAXnrZTfi. ^ ^ 

CAVZARB. See Eoa. 

CB2>RBZb&. The bark of Cedrela febrifuffa^ used in Java as a febrifuge, contaillt 
— besides starch, wax, oxalic acid, citric acid, and a non-crystallisable bitter principl^*^* 
— a body, resembling phlobaphene, tnd an iron-greening tannin, calledf V 

cedrela-tannic acid, which app©;irs, from the analysis of its load-salt, to have the / 
composition analogous to that of cinchona-tannic acid (W. Lindau, Jahre^,4 

1861, p. 768). 

CSliZiirZiOSB. nC®H‘®0*. — This compound, or a modification of it, exists, ? 
according to Do Luca {Compt. rend. lii. 102 ; Ivii. 43), in the skin of the silkwotttt 
and of serpents, and according to Bt^charap {ifjtd. Ixv. 42) in the vibrating corpuscles #; 
of the silWorm. These animal substances, boiled with strong potash-ley, yield a 
non-azotised body insoluble therein, but dissolving in cold strong sulphuric acid, and 
forming a jelly which by prolonged boiling with water is converted into fermentable 
sugar. 

Gelluloso is formed from drupose (a substance obtained by the action of boiling 
hydrochloric acid on glycodruposo, which constitutes the stony concretions occurring 
in pears) by boiling with dilute nitric acid: 

G12H2®0® -t- 0* + H*0 » C«H‘®0® + C“II'=^0® 

Drupose. Cellulose. Glucose. 

Also, though in smaller quantity, by similar treatment of glycodrupose itself 
(J. Erdmann, Ann. Ch. Pharm, cxxxviii. 1). Sec Gi.ycod hit pose. 

Pure cellulose is easily prepared from the pith of various plants (e.g. Phytolacca 
didica and ArcUia papyrifera) bv macerating it for eight to fourteen days in a mixture 
of 1 vol. hydr(x*hloric acid and 9 vol. water, washing the undissolved matter with 
water, and then with aqueous ammonia (Payen, Ann. Ch. Phjjs. [4] vii. 882; 
Zcitschr.f. Chem. [2] ii. 3 Jl). See further Payen {Contpt. rind. Ixiv. 1167 ; Jahr&d)/t 
1867, p. 952). v 

According to E. Mulder {Scheik. Onderz. III. deel, tweedo stiik, Onderz. 

Jahresb. 1863, p. 665), the solution of cellulose in cuprammonia (i! 820) gives wi^ 
load acetate a precipitate contfiining cellulose and lead oxide in varying proportions ; 
by digestion with finely divide{l lead oxide, the same solution yields the compound 
C*H' 0®.Pb0. Witli potash, soda, baryta, and lime, blue gelatinous precipitates are 
obtained. Mulder represents the compound of cellulose and cuprammonia by the 
formula (G®H'®0*)*Cu(NlP)*0, and supposes the blue. precipitates just mentioned to 
have the composition (C®H‘®0*)’*CuK-0, (C®E‘®0^)‘^CuBa0, &c. Zinc added to a 
solution of cellulose in cuprammonia precipitates the copper and forms a colourlose 
liquid similar in its chemical properties to the original solution, and quite inactive, to 
polarised light. 

Mulder has also observed that when pure (Swedish) filter-paper is heated with 
water to 200®, a small quantity of glucose is pt^uced. 

Acetyl-odlvdose . — Cellulose (cotton or Swedish filter-paper) heated to 180® in sealed 
tubes with six to eight times its weight of acetic anhydride, dissolves to a thick 
syrup, which when ]^ured into water deposits white flocks of tria cetocellulose, 
C«H’(C*H*0)*0\ This compound is insoluble in water, alcohol, and ether, soluble in 
strong acetic acid, and easily saponifi^ by alkalis, with reproduction of cellulose. No 
more highly acetylated compound is formed, however long the heat may be continued, 
or however great an excess of acetic anhydride may be employed. Hence ceUnlose, 



OERBERESr— CERIUM. 


419 


appears to be a triatomic alcohoL*^ Cotton boated to only 150° with 2 mol. 
teetijp anhyoride swells up without dissolving, and yields a mixture of mono- and 
ii -acetyl-cellulose, which have not yet been separated (Schiitzenbergor a. Naudiii, 
OovtjtL rend, Ixviii. 814 ; Zeitschr. / Chem. [2] v. 264). 

Fuumikosb. — T his name is applied by Blondeau (Ann. Ck, Phys. [3] xviii. 462 ; 
Jahreab. 1863, p. 567) an isomeric modification of colUiloso, which, according to 
his observations, is produced by boiling gun-cotton with uininoiiium sulphide ; also by 
the action of concentrated acids, or even of heat alono, tm cellulose, and forms the 
cliief constituent of parohinent- paper (i. 819). It is not, altered by contact with 
wTiter, acids, or alkalis ; in fuming nitric acid it d»ies not dissolve like ordinary paper, 
but is converted into a nitro-coTnp>und. Wlien heated for some time to 100^^, it 
becomes so brittle that it may bo pidverised ; at 1 40*^ it is immetlintely resolved into 
water and a porous, very easily combuslildo charcoal, A piece of calico placed 
between hot bricks is convert Oil, without alteration of external aj^pearsince, into a very 
friable substance, which burns like tinder: Fulmiiuiso tlcconipoHefl at tlie satno 
^'jtemxH'Kituro as gun-cotton ; it dissolves in a mixture <»f alcohol and ether, also in 
acetic acid, and is converted by acetic acid inU) a gelatinous mass. 

CH&BBAXir* A glucoside existing in solntion in the poisonous oil of Ccrhrra 
Vbdollam^ an East In<lian plant, and separating in the crystalline form from tho 
alcoholic solution of the oil (Oudemans, J. ]>r. Chem, xcix. 407). 

QSRZtnMC. Atomic uyeiyhi 92. — Wohler (A7tn. Ch. Pharm. cxliv. 251) prepares 
metallic cerium ns follows : Tho liydrochh)ric acid S'diition of crude brown cerium 
Qxido (ohtivinod by igniting tho mixed oxalatos of cerium, lanthanum, and didymium) 
,3908 mixed with about an equal weight of pobissium chloride and sal-ammoniac, 
evaporated to drynoss, heated as long as snl-ammnniac continued to ho given off, and 
fused. Tlio fused mass (which was perfi'ctly soluble in water) was pulverised, mixed 
while still warm with small pieces of sodium, thrown into a rod-hot earthonwaro 
crucible, and after tho reaction had commenced, heated till tho sodium fliuno 
di.'^ippoarod, hut no longer, Tho cooled mass contained numerous small metallic 
globules, which were picked out, or separated by lixiviation with cold w’ater. Larger 
and more numerous glolailes wero obtained by placing tho so<lium in a Kingle lump on 
the boU^tm of tlio ignited cruci I de, covered with potahKiuni carbonate, and simking tho 
pulverisetl saline mass uf)on it. Tl\o met4il thus pnipared, which apjiears to consist 
mainly of cerium [tloulitless conbiining small quantities of laiithamim and didymium, 
and perhaps also i^otassium and sodium] is intermediate in colour Ix lwec n iron and 
lead, and lias a bright lustre on polished surfaces, hut acquires a blue tarnish on 
exposure to tho air. It is malUuible, may bo llattonod and melted almost like lead, 
and has a sp, gr. of 5 5 at 12^. Heated to redness before the blowpipe, tho fused 
metal burns with a glimmering light U> a lirown oxide, ami at a stronger lj(at burns 
explosively with very brilliant sparks; tho pulverised unfused metal takes firo even 
IkjIow 100'^, With water it produces a slight disengage ment of hytlrogon at tho 
boiling heat ; hydrochloric mud (lismdvcs it with violent aet.ion ; strong nitric acid 
converts it inU> brown cerium oxide; dilute nitric mod dissolves it readily. 

^10 saline mass which served as matrix U) tho metallic cerium was accompanied by 
■hining scales of an oxychloride, CeCr^.2CeO or Co^iT^O'^ 

Preparation of pure Cerium salts. — Bunsen’s method (i. 832) has been modified as 
follows by Czudnowicz (J.pr. Chem. Ixxx. 16): Tho mixture of ceroBo-ceric, magncsic, 
Innthanic, and did^nnic nitmtes is cautiously heat^od to 230'^-300'’, with ei^riti iimil 
agitation, tho salts then fusing in their water of crystallisation, and afterwards giving 
ojflf nitrous vapours. As so<jn as brown oxide of cerium begins tf> sopamto at tho 
bottom of the capsule, the mass is left to ctxd, and treated first with a largo quantity 
of boiling water, then with water containing nitric oxide, whereby basic ceroso-coric 
nitrate is separated, which is to be purified by decantation. Tho docanted liquids are 
evaporated to crystallisation, and the cry.stal8 are treated as above. In this manner 
the whole of the cerium present is obtained in the form of liasic ceroso-ceric nitrate, 
which when ignited yields pure ceroso-coric oxide. See also Holtzmann (Zeitschr, 
Ch. Pharm, p. 668 ; Jahreab. 1862, p. 130). Popp (Ann. Ch. Pharm. cxxxi, 

361) mixes the solution of crude cerium oxide with sodium acetate, and passes chlorine 
gas into it, or treats it with sodium hypochlorite, whereby a precipitate of a hydrated 
pei^ide (CeO*, according to Popp) is obtained free from lanthanu^m and didymiiun. 
This is but a slight modificatjon of the original mode of separation given by' 

* The oomposiUou of the nitrjrlated derivatives of eriluloss (PrnoxYijms, tv. 777) would seem to 
fonnula of osll o loae is C'*B**0** ; if so, the c<mipot^ shove dMNnibsd tnmit he 

mu2 
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Moaander (i. 831). Patlison a. Clark (Chem. News, xvi. 259) dissolve the crude oxide 
of cerium in aqueous chromic acid, evaporate to dryness, and heat the residue to 110®. 
On subsequently treating it with water, the didymium and lanthanum dissolve, 
while a pure cerium oxide remains in the form of a yellowish-white powder, which 
can be rendered soluble only by fusion with potassium bisulphate. 

Cerium Carbide, — Produced by heating cerous formate or oxalate in a closed 
crucible completely filled with it, or bettor in a glass tube through which a stream of 
hydrogen is passed. A black-grey powder then remains, which while hot burns like 
tinder on exposure to the air, but remains unaltered if kept from contact with the 
air. Hydrochloric acid extracts from it a certain quantity of cerous oxide, leaving the 
carbide in the form of a dense black powder insoluble in concentrated acids even when 
heated, and agreeing approximately in composition with the formula CoC* (Delafou- 
taine, Jahresh. 1865, p. 177). 

Cerous Chloride. CeCP. — By digesting coroso-ceric oxide with hydrochloric acid 
and hydroferrocyanic acid, colourless crystals of hydrated cerous chloride are obtained 
having the composition 2CeCP.9H“0 (Lange, J. pr. Chenn. Ixxxii. 129). The 
platinochloride (i. 833) is crysttilline and contains 2CeCP.PtCP.8H-0. The auro~ 
chloride 3CoCl“,2AuCl*' . 20H“O is obtained — by leaving a mixture of the concentrated 
solutions of cerous chloride and auric chloride for several days over calcium chloride, 
and recrystallising several times — in yellow, transparent, apparently mont>clinic 
crystals, which deliquesce rapidly in the air, but effloresce over caustic potash, melt in 
their water of crystallisation at a tem^rature considerably below 100'^, and are soluble 
in absolute alcohol (Holzmann, Zdtschr. Ch. J*}uirm. 1862, p. 668). 

A chloro-iodide of cerium and zinc is obtained, as a viscid syrup, or sometimes in 
crystals, by leaving a mixture of cerous chloride and zinc iodide to stand over quick- 
lime and calcium chloride. The crystals are very soluble in water and in alcohol, and 
are decomposed by heat (Holzmann, Jahresh. 1861, p. 189). 

Cerous Iodide. Cel'^. — Dry ceroso-ceric oxide dissolves easily in aqueous hydriodic 
acid, with elimination of iodine ; and if the free iodine be roconvorted into hydriodic 
acid by a current of hydrogen sulphide, and the solution evaporated in an atmosphere 
of that gas, a colourless liquid is obtained, which when left over sulphuric acid deposits 
the iodide in transparent colourless crystals, which deliquesce in the air to a brown 
liquid (Lange, J. pr. Chem. Ixxxii. 129). 

Oxides. -Ceroso-ceric oxide, Ce*0*, is obtained in crystals belonging to the regular 
system, mostly cubo-octohedrons, by heating cerous chloride with borax for 48 hours 
in a porcelain furnace, and treating tile fused mass with hydrochloric acid. A heavy 
powder is then left* consisting of transparent colourless crystals of sp. gr. 6'94 at 15°, 
insoluble in hydrochloric acid, sparingly soluble in sulphuric acid. In one experiment 
brick-red crystals were obtained having a sp. gr. of 7’99 at 14 5° (Nordonskiold, Pogg. 
Ann. cxiv. 612). 

According to Hermann (J. pr, Chem. xcii. 113; Jahresh. 1864, p. 193), the oxide 
prfMiuced by calcining cerous oxalate with free access of air, or by igniting cenjso-ceric 
sulphate with 2 pts. sodium carbonate and lixiviating the residue, consists of ceric 
oxide Co’O’* ; but this view of its composition is contrary to the results obtaimid by 
Ibimmolsborg, Marignac, Holzmann, and others (i. 834). Hermann further states that 
an oxide Co*0" or 2Co*0*.CoO* is formed by Iho calcination of cerous nitrjvte, or by 
heating Iho supposed sosquioxide in oxygon gas. According to Stapf {J. pr. Chem. 
Ixxix. 257), the residue obtained by calcining cerous nitrate in an open vessel consists 
of the dioxide CeO^, or perliaps of Ce*0^. According to Popp {Ann. Ch. Pharm. cxxxi. 
36), the yellow precipitate formed on treating a solution of crude cerium oxide nnxed 
with sodium acetate, with chlorine or hypochlorous acid (p. 419), is a hydrate of the 
dioxide; this statement however does not appear to be founded on any quantitative 
determination ; moreover, the anhydrous oxide which Popp obtained by calcining the 
yellow hydrate in the air had a brown colour, indicating the presence of didymium. 

Oxygen-salts. — On the sulphates and double nitrates of cerium, see Zschiesche 
{J. pr, Chem. evii. 65 ; Zdtschr.j. Chem. [2] vi. 41), 

suicide, CeSi. — UUik {Zeitschr. f. Chem. [2] ii. 60 ; Jahresh. 1865, p. 186), by 
subjecting a mixture of potassium fluoride and cerium fluoride fusetl in a porcelain 
crucible to the current of a battery of eight Bunsen’s elements, obtained at the 
negative pole a brown mass mixed with globules of potassium. This mass triturated 
with water loft a powder containing 23-19 p. c. silicon and 76-21 cerium, agreeing 
with the fomula above given. The silicon was derived from the sides of the crucible^, 
tirbich were strongly attacked. 
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CX&OTXC ACZH. C*’H**0*. — This acid is produced, t^ether with several of its 
lower homologues, by oxidising paraffin (molting at 66®) with potassium dichromnte 
and sulphuric acid ^luiding a small quantity of manganese dioxide, which greatly 
facilitates the oxidation), or with nitric acid of sp. gr. 1’3 diluted with Ij vol. water. 
The cerotic acid, purified by reputed crystallisation from alcohol and ether, melted 
at 78®, and .was identical in all its choracters with that obtained from Chinese wax 
(i. 837) (Gill a. Meusel, Chem. Soc. J. [2] vi. 466). According to B^rard {Z^$chr. 
/. Chtm. [2] vi. 465), cerotic acid exists in the free state in carnauba wax (p. 391), and 
may be extracted Uierefrom by alcohol. 

CSTAVB or CSTYla SnTOBXBB, C'"!!’*, is one of the constituents of 
American j^otroleum. When separated by fractional distillation it is a colourless 
liquid boiling at about 280®, and having a vapour-density of 8 078 (calc. 7*96) 
(Pelouze a. Cahours, Compt. rend. Ivii. 62). 

ClSTBlfB or CBTYXiSlTZS. C**II**, — Bromine added by drops to cct one tinder 
water unites readily with it, forming cetene broin i d e, a yellowish 

liquid which sinks in water and is decomposed by distil latiiui even in a vacuum. By 
alcoholic p>t4V8h it is converted into monobromocotene, C"'ll'**Br, a yellowish 
liquid which floats on water, Cetene also unites with chlorine, hut it is difficult 
to obtain definite compounds. Cetene diacetate^ appears to bo fornietl 

as a semifluid mass by heating the dil>romi<le to 1.30®-! 40® with silver aceUito and 
glacial acetic acid (Chydenius, Ann. Ch. Pharm. cxliii. 267). 

Cetene Oxychloride or Chlorohydrate^ C‘®U**OCl =» C’®II*^Cl(OII), the 
chlorhydrin of the unknown cetylic glycol, is obtained by agitating a well-cooled 
solution of hypochlorous acid (of at most 1 p. c., and still mixed with the mercuric 
oxychloride formed in its prepviration) with cetene gradually added, till the acid is 
all decomposexl. The resulting cetylic chlorhydrin is extracted by other from the 
mercuric <ixido with which it is mixed, and the colourless oil which remains on dis- 
tilling off the ether, is freo<l from admixed mercuric chloride byagihition with solution 
of Sill-ammoniac, Jind from unaltered cetono by prolonged heating to 250® in a stream 
of ciirbon dioxide. Pure cc tone oxychloride distils at about 300® almost without 
decomposition ; it becomes viscid, but not solid at — 15®, and is resolved by potash into 
]K)t,isHium chloride and cetene oxide, C*®I1”0, which crystallises in slender micro- 
sc')j)ic, needles, melts at 30®, boils at 300®, and is insoluble in water (Carius, Ann, Ch. 
Pfuirrn. c.xxvi. 195). 

eXSTnrS. C'®n*® (also called Cetylene). — This hydrocarbon, homologous with 
ethino or acetylene, is produced by distilling monobromocetene, C'®H**Br, with sodium 
elhyiateor calcium liydrate ; also, together with oxalic acid, by heating an ethereal 
s(dution of cetene bromide with silver oxalate : 

C’®ll”Br* -f C^Ag^O® = -f CnV,0' + 2AgBr. 

It is a cxdourless liquid, lighter than water ; boils without decomposition at 280®-285®; 
solidifies in a mixture of solid carbon dioxide and other ; becomes liquid again at 
■—25® ; dissolves easily in alcohol and ether. It unites with 2 at, bromine, forming a 
heavy yellow liquid which is easily decomposed by alcoholic pot'ish, yielding potassium 
bromide and a dark-coloured liquid containing bromine. This lattor, when quite freed 
from bromine, is a colourless hydrocarbon insisting for the most part of c^^tene boiling 
at 275® (Chydenius, loc. cit.). 

CSTnrXiXC AI^COKOB, is formed, together with octane, when sebio 

acid is heate<l with caustic baiy-t-i. The cctvl alcohol thus obtained melts at 49®, and 
fwilidifies again at the same temperature (Schorlemmer, Ptoc. Hoy. Soc. xix. 22), 

CBTYXXC ABBSHYIOB. Syn. with Pai.mitic Aldehyde. 

CH BX i XB OlfXO A.CXXI* (i. 847). — The pro<luct« of decompositioo of 

this acid by heat and by bromine have been studied by J. Wilde (Ann. Ch. Pharm. 
cxxvii. 164 ; Jakreeh. 1863, p. 388), At 150® it gives off water, in addition to that 
which is expelled at 100® ; at 220® it softens, turns black, gives off carbon dioxide, 
and yields a crystalline sublimate melting at 65®. The acjuoous solution of the residue 
leaves on evaporation a crystalline acid, to which Wilde assigns the formula 
its silver salt giving by analysis nunlbers approximating to the formuhi. 
C’*H'*Ag*0*‘ ; but it is very improbable that an acid containing only 7 at. carbon 
and 4 at. hydrogen should be transformed by heat into another containing 15 at. C 
and 14 at. H. On treating an aqueous ^Ip of chelidonic acid with excess of hr&mine^ 
and distilling the product with water, a neavy oiljpasses over, and a watery residue is 
left, toother with an oil heavier than water, l^is latter solidiftea on cooling to a 
crystalline mass, having the composition and propertiesof petita-bromiicetot)e« CH%r*0, 
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The watery liquid above this oil contains oxalic acid ; and the oily distillate consiats 
of bromoform. If this last compound be regarded as a secondary product, the action of 
bromine on chelidonic acid may be represented by the equation 

+ 6Br* + 3H20 = C^HBr'^O + 2Cm^O* + 6HBr. 

Monoargcniic chelido7iate, . H^O, obtained by recrystellising the diargentic 

salt (i. 849) from very dilute nitric acid, forms white needles which give oiF their water 
at 140”-150° (Wildo). 

CKSlVfZCAla A.CTZOW. Kcsearches on the laws of connection 1/^tween the 
conditions of a chemic<il change and its amount have been made by Harcourt a. 
E.sson {Froc. Hoy. Soc. xiv. 470 ; xv. 262 ; Chem. 8oc. J. [2] v. 460), One of the 
reactions studied was that between hydrogen dioxide and hydriodw acid (or between a 
mixture of sodium or barium dioxide, hydrochloric acid, and potassium iodide). The 
progress of tlie reaction was observed by determining the intervals of time which 
elapsed between the successive appearances of the yellow coloration (or blue if starch 
was added) after the iodine, separated according to the equation 

+ 2III = 2H»0 + r, 

had been recombined (reconverted into hydriodic acid) by addition of a small quantity 
of sodium hyposulphite. The solution of this salt was added by drops, and always 
in equal measures ; and the amount of hyposulphite in such a measure, and the 
quantity of peroxide used, wore accurately estimated. In this manner data were 
obtaine<l for determining the quantity of hydrogen dioxide present in the mixture at 
the time f of a particular coloration, and the quantity still present at the time 
of . the next coloration, whence the quantity y — y^ of dioxide decomposed in the 
interval t — was determined. The observed results are given in the following 
table : 


Amount of dioxide 

Tima from the 
beginning 

Chemical change In 
each intervoi 

Intervals 

20-96 

000 



19-96 

4-67 

1 

4-67 

18-95 

9-37 

1 

4-80 

17-96 

14-6 

1 

6-13 

16-96 

19-87 

1 

6-37 

16-95 

26-67 

1 

5-70 

14-95 

31 68 

1 

6 11 

13-96 

38-20 

1 

6-62 

12 96 

45 23 

1 

7-03 

11 96 

62-82 

1 

7-&9 

10 95 

61 12 

1 

8-30 

9 96 

• 70-16 

1 

9-03 

8-96 

80-08 

1 

9-93 

7-95 

91-27 

1 

11-19 

6 96 

103-88 

1 

12-61 

6-95 

118-60 

1 

14-62 

4-95 

135 86 

1 

17-36 

3-96 

16700 

1 

21-16 

2-96 

181-63 

1 

27-53 

1-96 

223-46 

1 

38 92 

j 0-96 

291-13 

1 

66 73 


The general conclusion dedvicible from these experiments is that the amount of 
change at any moment varies directly with the quantity of dioxide present in the 
solution ; in accordance with this law, the quantities of dioxide at the end of a series 
of times taken in arithmetical progression are themselves in geometrical prt^ession, 
and tlie curve which represents the relation between these times and qiuintities is a 
logarithmic curve. 

Those results ore corroborated by experiments on the reaction between porman^ 
ganates and oxalic acid in presence of sulphuric acid, the ultimate result of which is 
represented by the equation ; 

K“Mn*0» + 3H»SO* + 6H*C=0' = K*SO« + 2MnSO* + 10CO» + 8H*0. 

The observations were made by varying successively the quantities of sulphurtt 
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acid, permanganate, and oxalic acid, while the quantities of the other subshincoa 
present remained constant. 

The influence of the relative quantities of the reacting substances on the final 
result of a chemical action has been studied by Chizyflski (^Ann. Ch. Pharm, SuppL 
iv. 226 ; Phil. Mctg. [4] xxxii. 388 ; Jahre&h. 1866, 12) in the case of the action of 
phosphoric acid on mixed solutifms of lime and magnesia. S<jlution8 of cnleium 
chloride and magnesium chloride were mixed with quantities of phosphoric acid 
sufficient only for partial precipiUition, and with ammonia, and the proportion of the ^ 
bases in the precipitjito was determined. The coTnp<^sition of this precipitate, which-* 
invariably contiiinod both lime and magnesia, was found to be nearly indepondont of 
the quantity of water used for dilution, and of the quantity of ammonia present, but 
to vary with the ratio between the calcium and magnesium salts, and with tlio 
proportion of both to the phosphoric acid. The results are given in the following 
table; 1 cub. cent, of the calcium chloride s«>lutioii contained 28‘»i milligr. lime; 

1 c-c. of the magnesium chloride solution contained 21 milligr, mjvgnosia ; 1 c.c, of 
the phosphoric acid solution contained 72 3 milligr. phosphoric anhydride. Tho 
absolute quantity of phosphoric acid was in all tho exporirnents b c.c. 


Experimental liquid 

In c.c. 

Contents of precipitate 
in 

To I mol. P*0* tlio 
precipitate^ contuiiKHl 
molK. of 

a) 

(®) 

CaCl’’ 

MgCl* 

CaO 

MgO 

'^CuO 

MgO ' 

10 

10 

0 2139 

0-1376 

1-50 

1-35 



1.5 

10 

0 3182 

0-1008 

2-23 

1-00 



20 

10 

0-3798 

0-0758 

2-66 

0-74 



25 

10 

0 4073 

00698 

2-88 

0-68 



30 

10 

0 4037 

0 0515 

2 83 

0 50 



100 

10 

0 5159 

0 0505 

3 60 

0-50 



15 

10 

0-3182 

0-1008 

2-23 

1-00 



15 

15 

0 2727 

0-1073 

1-91 

1-05 



15 

20 

0-26 12 

0-1244 

1-85 

1-22 



15 

25 

0-2449 

01-170 

1-71 

1-38 



15 

30 

0-1525 

0-1542 

1-07 

1-51 



15 

100 

0-0289 

0-2062 

0-20 

2 02 



10 

10 

0-2139 

01 376 

1 50 

1 35 

I 

o-m 

0-928 

15 

15 

0 2727 

0 1073 

1-91 

1-05 

b-rnaf 

0-738 

15-6 

15-6 

0-3184 

0-0860 

2 25 

0-85 

1 

6-rtW 

0*618 

19*5 

19'5 

0-3120 

0-0800 

2-40 

0 78 

1 

OS73 

0-573 

25 

25 

0 3641 

00978 

2-55 

0 96 

1 

0-613 

50 

50 

0-4045 

0 1156 

2 83 

Ml 



100 

100 

0-4302 

0-1100 

3 02 

1-08 


1 


Tho.se numbers load to the following conclusions ; When the two chlorides are 
mixed in equivalent proportions, the lime passes into tho precipitate in greater 
cquivjilent pnjportlon than tho magnesia, and this proportion increases as the totiil 
quantity of the chlorides used is greater. Wlien the quantity of calcium chloride is 
increaa^, that of tho magnesium chloride remaining consUint, tho quantity gf lime in 
the precipitate increases, while that of tho mjignesia diminishes ; tho contrary takes 
place when the quantity of calcium chloride remains c/>n8t;int, and that of the 
magfiesiura chloride increases ; those variations in the composition of tho precipitate 
are not sudden, but steady and gradual. With a largo excess of calcium chloride 
the ccirapcjsition of tho precipitate approximates to the formula 4R0.1**0*; with 
excess of magnesium chloride to the formula 2R0 . P*0*, probably because the salt 
r'aU*-0* is produced in the former case, and (NH^)MgPO^ in tho latter. It appears 
from this that the affinity of lime for phosphoric acid is greater than that of 
magnesia. On the other hand, from 2*6 to 3 mol. magnesium chloride, (MgOl*), 
exert towards 1 mol. phosphoric acid the same action as 1*5 mot calcium chl^de, 
(CaCR), inasmuch as with these proportions in the solution, the two bases combine 
with the phosphoric acid in nearly equivalent proportions. The chemical action of » 
body is therefore a function of its chemical affinity and of its mass 
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increasing as the product of these magnitudes increases, though not in exact 
proportion thereto. Moreover, when the quantities of two bodies increase in equal 
proportion compared with a third for which they both have affinity, the chemical 
action of the body with the ^eater affinity increases more quickly, and that of the 
body with the smaller affinity decreases more quickly than might be expected 
according to their relative masses. The action of calcium chloride on phosphoric 
acid is always greater, and that of magnesium chloride is always less than they 
should be according to Berthollet’s law of the action of masses (i. 860). To estimate 
♦ the amount of chemical action according to quantity, it is necessary to multiply the 
chemical mass (the number of equivalents) with a coefficient of affinUv, which varies 
with the mass, and, according to the preceding experiments, is, for calcium chloride, 

greaUp than unity of ar<.l^,and for magnesium chloride less than unity (^^). 

Generalising this result, Chi^ytiski modifies Berthollet’s law of the action of masses 
as follows : Chemical actions (W, W') are proportional to the products of the 

chemical masses (M, M') and their coejffcients of affinity, or: 

W : W' = : M>. 

X 

He calculated the coefficients of affinity for calcium chloride and magnesium chloride, 
taking account of the disturbing influence arising from the presence of sal-ammoniac 
and ammonia in the solutions, on the assumption that, with the smallest possible and 
equal chemical masses, their actions are proportional to these masses, and therefore 
equal ; and finds that with equal increase of the chemical musses, the coefficient 
enters as a factor in the one cuse directly, in the other inversely, as appears from the 
values in the last column of tho table, which agree nearly with tl»e actual results of 
experiment. Kqual masses of calcium chloride and magnesium chloride appear 
therefore to possess coefficients of affinity equal in magnitude, but opposite in 
direction. Chiiyflski regards it as probable that the same law with regard to equal 
chemical masses of unequal chemical energy is universally applicable. 

Tliat reciprocal decomposition does not always tjiko place between mixed salts os 
required by Borthollet’s law, is shown by tho following experiment of Bettendorlf 
{Zeitschr. f. Chem. [2] ii. 641 ; Jahresb. 1866, 10). A solution of ferric acetate when 
examino<l by the spectroscope absorbs part of the spectrrim (in the red and green, 
and especially in the violet), but docs not exhibit any bauds. If, however, a tube 
filled with vapour of nitrogen totroxide be interposed between this solution and tho 
source of light, hands make their appearance in numbers increasing with the 
strength of the solution. A very dilute solution of ferric chloride, either alone or 
mixed with ferric acetate, makes no alteration in tho absorpt ion spectrum of tho 
latter, or in that of nitrogen totroxide; tho same is the case with potassium acetate. 
Now a solution of ferric acetate (containing from 0 0044 to 0*0350 grm. of tho 
neutral salt in 26 c.c.), after addition of an equivalent quantity of potassium chloride, 
affects the spectrum of nitrogen tetroxide in exactly the same manner as an equally 
diluted solution of pure ferric acetate ; and, muroover, a solution of ferric chloride 
mixed with an equivalent quantity of potassium acetate affects tho said spectrum in 
exactly tho same manner as an equally diluted solution of the qptiro quiintity of 
ferric acetate corresponding to tho ferric chloride ; hence it must be inferred that 
potiissium elilorido and ferric acetate do not decompose one another, and that tho 
reaction between potassium acetate and ferric chloride gives rise, not to four salts, 
but only to two — namely, potassium chloride and ferric acetate. For tliis reaction, 
therefore, Berthollot’s law does not hold good. 

Experiments on tho degree of neutralisation of acids by different bases, and the 
modifications produced tluTein by tho presence of neutral salts, have been made by 
Ijdwonthal a. Lenssen {J. pr. Chemi, Ixxxv. 241, 401 ; Jahresb, 1863, 120). 

Injluence of Pressure on Chemical Action. 

When a body is decomposed by heat in a confine<l space, and one or more of the 
separated elements (ultimate or proximate) is guseims, tlio decomposition goes on 
until the liberated gas or vapour has attained a cert^iin tension greater or less accord- 
ing to the temperature. So long as this temperaturo remains constant no further 
decomposition takes place, neither do any portions of the separated elements 
recombine ; but if the temperature be rais^, decomposition recommences and goes 
on till tho liberated ga.s or vapour has attained a certain higher tension, also definite 
for tliat particular temperature ; if on tho other hand the temperature be lowered^ 
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roeomposl^Dn takes place, until the tension of the remaining gas is reduced to that 
which corresponds to the lower temperature. These phenomena, which are closely 
analogous to those exhibited in the vaporisation of liquids (iii. 81), have been especi- 
ally studied by Deville {Compt.rend, xlv. 867 ; Ivi. 196, 322 ; lx. 317, 884; Jahresb. 
1867, 68; 1863, 27; 1865, 69, 63; I/f’^ons sur la Hissooiationy Paris, 1864) and 
Debmy {Compt. rend, Ixiv. 603; Ixvi. 194 ; Jahresb, 1867, 86; 1868, 76). Pevillo 
designates decomposition under these conditions by the term ‘ Dissociation ’ ; but the 
utility of this new word is by no moans obvious. 

1. When calcium carbmiate is heated in an iron tube from which the air has been 
exhausted by means of a mercury-pump, no decomposition tjvkes place Jit 300®, and 
a scarcely perceptible decomposition at 440° ; but at B00° (in vapour of cadmium) it 
Vecomes very perceptible, and goes on till the tension of the evolved carbon dioxide 
becomes equivalent to 85 millimetres of mercury ; there it stops so long as the 
temperature remains constant; but on raising the temperature to 10-10® (in vapour 
of zinc) more carbon dioxide is evolved until a tension equivalent to about 620 mm, 
is altiiined. If the tension bo reduced l»y working the pnmp, it is soon restored 
to its former value by a fresh evolution of carbon di<ixide. If, on the other hand, 
the apparatus bo allowed to cool, the carbon dioxide is gradually reabsorbed by the 
quicklime, and a vacuum is re-established in the apparatus, 

2. Similar phenomena are exhibited in the florescence of hydrated salts. When 
such a salt is enclosed in a sealed and exhausted glass tube, also containing a small 
mercurial pressure-gauge, and heated to a constant temperature in a wnter-bath, the 
tension of the vapour emitted by it in the closed space is found to inereaso with 
the temperature, and to bo constant for each particular tomperaturo. As the tem- 
perature falls the tension diminishes, in consequence of the reabsorption of a portion 
of the aquocHis vapour. 

The etfloresconce or hydratation of a salt exposed to the open air is determined by 
similar conditions. For as the pressure of the air has no pcreeptiblo influence on the 
tension of vap)urs which form in it, a salt will effloresce when the tension of its 
vapour is greater than that of the aqueous vapour in the atmosphere at the existing 
temperature ; on the other hand, an effloro8co<i salt will take up water from the air, if 
the tension of the vapour in the atmosphere is greater t))nn that of the V’aponr which 
the efflore.sccd salt emits at the same temperature. 

In the decomposition of calcium carbonate by heat, the maximum tension of the 
cvoIvckI gas corresponding to each particular temiieraturo is quite independent of tlio 
proportion of the compound already decomposed ; and the sumo is the case in some 
iiKstaiices of the efflorosoenco of salts, but not in all. Tako for example the common 
dit 'Klic phosphate Na'^IIPO^ + 12H‘’0. The tension of the vapour emitted by this salt 
i a at first independent of its state of offlorcsconco. Thus a salt contiiifiing all it« 
water (62 8 p. c.) and an effloresced salt cc^ntaitiing only 63 to 64 p. c., emit vapours of 
exactly the Bam© tension at any given temperature ; l>ut when the quantity of water is 
reduced t» 50 p. c., corresponding to the hydrate Na^HP’O* -f 7H'0 (which is obtained 
by crystfillising the salt below 31®;, the tension of its vnjx>ur is much loss. On com- 
paring the tensions of the vapour emitted by a salt containing 49*6 p. c. water 
with that emitted by the salt containing 121DO, the following differences have been 
ohstrve<l : 

Na’HPO* with Ka'IIPO* with 

7 to 1 2 aq. rather lean than 

7 aq. 


Temperature 

12*3® 




mm. 

7*4 


mm. 
4 8 

16*3 




. 9 9 


6 9 

20 7 




14*1 


9*4 

24 9 




, 18 2 


12*9 

31*5 




30*2 


. 21 3 

36*4 (melting point) 


, 

. 39*6 


. 30*5 

40*0 

. 



. 50 0 


. 41*2 


Hence it appears that, in it« first phase of decomposition, ordinary sodium phosphata 
^haves like a compound of water with the hepta-hydrated salt. This compound 
oecomposes just like calcium carbonate, emitting aqueous vapour whoso tension is 
constant for a given temperature, whatever may be the proportion of water and hepta- 
hydrated phosphate existing in the effloresced sitlt; but when this first phase is ter- 
njinated, and the quantity of water in the residue is reduced to 7 molecules, this 
hepta-hydrated salt likewise gives off aqueous vapour, but of lower tension for a given 
temperature. The difference between the decomposition of hydratetl salts by beat, 
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and that of calcium carbonate, consists therefore in this, that there are no compounds 
intermediate between calcium oxide and calcium carbonate, as there are between an 
anhydrous salt and its highest hydrate. A careful study of the vapour-tensions of 
hydrated salts would aff jrd the means of determining the several hydrates which the 
same salt is capable of forming (Debray). 

3, Similar phenomena are exhibited by certain compounds of ammonia with 

mHallio chlorides. The compound AgC1.3NH*, formed by exposing well-dried silver 
chloride to ammonia gas at 0°, possesses sufficient tension at ordinary temperatures 
to render it possible to remove half the ammonia by exhaustion with the air-pump, so 
as to convert the compound into 2AgGl. 3NH*. The tension of the latter at 68^ is 
760 mm. ; that of the compound AgCl.SNH* at 20^ is 800 mm. ; at those temperatures 
therefore the compounds in question cannot bo formed under the ordinary atmospheric 
pressure. Both of them when heated in a Faraday’s tube yield liquid ammonia ; if 
the cooled arm of the tube has a temperature of about 13'5°, the compound 
AgCl. 3N1I® must be heated to 56^, the compound 2AgC1.3NK® to 103°, at which it 
melts. Iodide and cyanide of tjike up but small quantities of ammonia, forming 

compounds which behave in a similar manner to tlie arnmoniacal compounds of silver 
chloride (Isambert, Compt. rend. Ixvi, 1239; Jahresh. 1868, 182). 

Calcium chloride form.s with ammonia the compounds Oat r-.2NTT-’ ; CaCF.4NII^ ; 
CaCl^.SNII*. The two latter at given tomperatviros give oflf ammonia of constant 
tension, this tension increasing, as in the preening case, as the temperature rises. Wlieti 
half the ammonia has been expelled from the ccan pound CaCl". 8NH^, the tension 
suddenly falls to that which corresponds to the compound CaOF.4NH'*. Tlie com- 
pound CaCl*.2NH^ is decomposed with difficulty, and only at high temperatures. 
Similar relations are exhibited by the compoiincls CaP.6NlI'*; Zut’l^. 6NU-* ; and 
MgCP.GNH®, the two latter being converted by heat into ZtiCl'^. 4Nli^ and 
MgCl*.4NlI'' respectively; also by the mercurous compound llg'CF . 2NI1'* 
(Isambert), 

4. Wo liavo next to consider decompositions in which the decomposed body, as well 
as one at least of its constituents, is gaseous. In those cases it is not possible to 
obtain an exact measuroment of the maximum tension corrc.sponding to tlie tempora- 
ture ; nevertheless the decomposition is found to bike place acconling to the same 
general law, ceasing as soon as the liberated gases Inivo attained a certain tension, 
which is greater as the temporaturo is higher. 

It has long been known that chemical combination between any two bodies capable 
of uniting directly takes place only at and above a certain temperature, and that the 
combination is broken up at a higher temperature ; but it is only in later years that 
we have become acquainted with the fjict that bodies likowaler begin to decompose at 
temporatures considerably below that which they pr(Miuce in the act of combining, 
and therefore that their combination at that temporaturo is never complete. 
Grove showed some years ago that water is resolved into its elements in contact 
with intensely ignited platinum. Thi.s reaction has been more closely studied by 
Dovillo, who fincls that when vapour of water is pa.s.soil through a heated platinum 
tube, decomposition commences at 960°— 1000° (about the melting point of silver), but 
proceeds only to a limited extent; on raising the temperature to 1200°, further decom- 
position takes place, hut again only to a limited amount, ceasing in fact as soon as the 
liberated oxygon and hydrogen have attaino<l a certain higher 'tension. The quantity 
of these gases actually collected in this experiment is how^evor very small, the greater 
portion of them recombining as they pass through the cooh'r part of the apparatus, till 
the tension of the romaindor is roduceii to that which corresponds to the lower 
temporsiture. In Grove’s experiment, the heate<l platinum first becomes surroundeti 
with an atmosphere of aqueous vapour, part of which is then resolved into oxygen and 
hydrogen ; but these gases as they rise to the surface are cooled by the water, and 
therefore recombine as above. The recombination of the mixed gases is not however 
quite complete, because they are siirroundod by a considerable excess of aqueous vapour, 
which interferes with their combustion. (See next page.) 

The recombination of the gases may be prevent^ to a greater extent by means 
of an apparatus consisting of a wide tube of glazed earthenware, through the 
axis of which passes a narrower tube of porous earthenware, tlie two being tightly 
fitted by perfomted corks provided with gas-delivery tubes, and the whole strongly 
heated by a furnace, Vap6ur of water is passed through the inner tube, carbon 
dioxide through the annular spjico between the two, and the gases, after passing 
through the heated tubes, are received over caustic potiish-solution. The vapour of 
water is then decomposed by the heat as before ; but the hydrq^en, according to the 
laws of difiusion, passes through the porous earthenware into the surrounding atmo- 
sphere of carbon dioxide, being thus separated from the oxygen, which remains in the 
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inner tube, and becomes mixed with carbon dioxide passing through the porous septum 
irj the opposite direction to the hydrogen. As these gases pass tlirough the alkaline 
water, tfio carbon dioxide is absorbed, and a mixture of hydrogen and oxygen collects 
in the receiver. A gramme of water passed in the state of vapour through such an 
Mj>piratus yields about a cubic centimetre of detonating gas (Doville), 

A small quantity of water is likewise decomposed when a stream of carbon dioxide 
saturated with aqueous Vapour is passed through an intensely heated porcelain tube 
fillcnl with fragments of porcelain. The gaseous mixture, collected over potash, oxliibited 
ill two experiments the following composition : 


Oxygen 

. 


, 


461 

46 8 

Hydrogen . 

, 




35*4 

31 9 

Carbon nujnoxido 


, 



12*0 

10 7 

Nitrogen 

• 

• 

• 

• 

6 5 

10*6 


100 0 1000 


Tlic carbon monoxide arises from the reducing action of tho hydrogen on the carbon 
dioxide; tho nitrogen is an accidental admixture. The quantity of detonating gas 
ohmined in this experiment is only about a fourth of that in tho preceding, beeimso 
tiu' .separated oxygon and hydrogen remain in contact during the cooling of tho 
niixture; their complete recombination is however prevented by diftiusion through a 
large qnantlt y of neutral gas, just as tho detonation of a mixture of the same or other 
comfuiht ib!e gases by the electric spark is prevented by the presence of a largo excess 
of citlicr of thorn, or of any indifferent gas. In like manner, in Grove’s original 
exp« riinont of tho decomposition of water by incaTi<lescorit platinum, tho complete 
re.-oinbination of the gases is prevented by their diffusion through a considerable 
quMJitity of aqueous vapour. 

’Phe decomposition of water at comparatively low temperatures may also bo effected 
by passing its vapour over melterl silver, hydrogen being then set free, and tlie oxygon 
bring ah.sorbed by the silver, which then ac<]uires the property of spittirrg. In this 
exprritneiit, first made by Regnault, the water is not decomposed by tho superior 
atliiiity of tlie silver for oxygen, for silver doc.s not oxidise at tliat temperature; hut 
tin* deroriiposition of the water, as in the former cases, is a direet effect »)f heat, and 
llir o.xygeii liiereby lil>eratod does not combine with tho silver, but is simply absorbed 
by it, Tliat such is the case, Devillo has shown by sulistituting litharge tor tlio silver, 
Wbrll vapour of water is p.assod over litharge contained in a platinum boat, placed 
M itliin a yxircelain tube and head'd to 1200^-1300'^, the litharge remaining in the boat 
allrr tiio experiment is found to have ah.sorbed oxygen, which lias subsequently escap^ 
trim it by .spitting, and part of the litharge carrieil over in fine particles by the 
v ipour lia-s been reduced to nietjillic leml, forming a black ring at that part of tho 
tubn wlnax) tlic heat, though puther high, was not great enough to melt the litharge. 
'1 in se results show that part of tlie aqueous vapour had been resolved into oxygon 
nnd hydrogen. 

b. Cardan dioxide passed through a porcelain tube fillivi witli fnigments of porcelain, 
ari<i hiated in a furnace to 1200^-1300*^, is partly resolved into carbon monoxide and 

o < xygen. In one experiment tho gaseous mixture received over jKjtash was found 
to roiisist of 30 p. c. oxygen, 62*3 carbon monoxide, and 7 7 nitrogen. 

<». Wlic;n carlhm monoxide is pas 80 <l through an intensely heatc<i porcelain tube in 
tile axis of which is fixed a narrow tube of silvered brass, and a stream of water 
'•••obyl to 10'^ is passed tlirough tho metal tube during the whole of the experiment, 
tho surface of this tube becomes coated at its lower p.art with a black layer of carbon. 

I iio particles of the carbon monoxide in contact with tho lower part of the porcelain 
ifivtine str<>ngly heated, and consequently expand and rise, striking against tho lower 
Miriaee of the metal tube ; at the siimo time they are do<N>mpf)8(xl, and their cJirbon is 
d- posital on the cold surface of the metal; if the tube were not kept cool, the carbon 
tIju.M yot free would recombine with tho oxygon. 

7. Snlpfturoue oxide may be decomposed in a precisely similar manjner, tho 
imtal tube, however, having a thicker coating of silver than in the preceding case. 

I be sulphurous oxide is resolved into oxygen and sulphur, tho latter uniting 
the silver (sulphurous oxide itself does not attack silver even at 300°J, 
^ bile the oxygen combines with another portion of sulphurous oxide, converting it 
into sulphuric oxide or anhydride, which is deposited in white fiocks on the cooled 
surfiice. 

3. When dry hydrochloric acid gat is passed through the same apparatus, the 
fiorface of the metal tube having been previously sli^tly amalgamated, o^mpoeition 
takes place to a small extent at about 1800®, a small quantity of hydrogen gas being 
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given off, and small quantities of mercurous chloride and silver chloride being formed 
on the surface of the metal tube. 

Carbon dioxide, sulphur dioxide, and hydrochloric acid gases are decomposed by a 
stream of induction-sparks nearly in the same way as by heat in the apparatus just 
described. In fact the decomposing action of the electric spark appears to be due 
merely to the great heat which it evolves. The particles in the immed.iate neighbour- 
hood of the spark, and these alone, become intensely heated and are decompf)sed, the 
separated elements being immediately diffused through a large mass of the undecom- 
posed gas and thereby cooled — ns by the cold metal tube in the experiments above 
described — below the temperature at which they can recombine. 

On the decomposition of hydriodic acid by heat, see Iodinb ; on that of cyanuric 
acid, see Cyanic Acid. 

The influence of pressure on chemicsil decomposition is seen in other reactions 
besides those which are brought about by heat. Babinet in 1828 {Ann. Ch. Phys. [2] 
xxxvii. 183) found that zinc and dilute sulphuric acid cease to give off hydrogen when 
the pressure of this gas amounts to thirteen atmospheres at 10°, or to thirty-three 
atmospheres at 26°. Faraday had previously obsorv’^ed that under those circumstances 
the evolution of gas is not arrested, but only rebirded {New Quarterly Journal of 
Science^ iii. 474) ; and the same result appears to follow from the experiments of 
L. Gmolin. 

Lot.har Meyer {Poyg. Ann. civ. 189 ; PhU. Mag. [4] xvi. 160) found, by experiments 
in which, as in those of Gmolin, zinc and sulphuric acid were enclosed together in 
sealed glass tubes, that, with acid of the most various strengths, even in presence of 
large quantities of metallic sulphates, and likewise when citric and acetic acids wore 
used, the pressure of the eliminated hydrogen very greatly exceeded the limits assigned 
by Babinet (amounting to sixty-six atmospheres at 0°). Nevertheless, the chemical 
action under these circumstances appeared to reach a limit, inasmuch as the liquid, 
aftor remaining in the tube for several months, even in contact with excess of zinc, 
still oxliibitod a very strong acid reaction. According to Favre {Comft. rend, li, 827). 
the decomposition of dilute sulphuric acid by zinc still goes on under a pressure of 
eighty' six atmospheres, but at a slower rate. 

Similar observations have been made by Caillctet {Comyt. rend. Ixviii. 396 ; 
Zeifschr. f. Clam. [2] v. 190) on the action of hydrochloric acid upon zinc. A 
plate of zinc which, when acted upon by hydrochloric acid in the open air, exhibited 
after a cerbiin time a loss of weight denoted by 10, suffered, under precisely similar 
ci ivumstances, excepting that the materials were exposed to a pressure of 60 atmo- 
spheres, a loss of only 4 7, and under 120 atmospheres only 01. In like manner the 
quantities of wtlcium carbonate dissolved by nitric acid in the same time under a 
pressure of 160 atmospheres, and in the open air, were found to be as 1 to 1109. A 
similar robirdation of chemical action under pressure takes place in many other 
instjinces. The electrolysis of water is retarded under pressure. The action of 
sodium-amalgam on water in sealed glass tubes is entirely or almost entirely arrested 
.as soon as the evolved hydrogen has atUiined a certain tension. Chemical action thus 
retarded by pressure may be accelerated again by rise of temperature. The quantities 
of gas evolved by the action of dilute sulphuric acid on a plate of zinc in a sealed 
tube at 0° and at 50° were to one another as 1 to 2 8. Under dimini8he<l pressure 
the preceding reactions go on with increased rapidity, the quantity of metal dissolvul 
in an acid in a given time being greater in a vacuum than under ordinary pressure. 
With aluminium in hydrochloric acid the ratio is 1 : 1'68; with zinc in sulphuric 
acid 1 : 1‘.63 ; with calcium carbonate in nitric acid, 1 : 2’51. 

From the preceding results Caillctet concludes that, under a certain pressure, sub- 
stances which ordinarily react on one another become actually indifferent. Berthelot, 
on the other hand {Zeitschr. f. Chem. [2] v. 191), maintains that the action of acids 
upon metals under the cireumsbinces above tlescvibed is not completely arrested, but 
only retarded, the retardation arising partly from the formation of a film of saturated 
solution at the surface of the metal, partly from the adhesion of hydrogen to its 
surface. Under increased pressu^ the gas-bubbles become smaller and move less 
freely, and consequently the agitation of the liquid, which under ordinary atmospheric 
pressure is caused by these gas-bubbles and facilitates the transport of fresh acid to 
the surface of the metal, is ^^eatly impeded : hence the retardation. To these obser- 
vations Cailletet replies {ibid. 368) that he has kept zinc and sulphuric acid for 
twelve days in sealed tubes, which were continually agitated by a mechanical arrange- 
mont, and that on opening the tubes the acid was found to 1^ still unsaturated, and 
capable a^in of acting on the zinc under ordinary pressure. 

In all the reactions above noticed, the elimination of a gas is an essential condition 
of the change, and this being prevented, the action is retaixled. On the other hand. 
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there are numerous xoactions whicKaTO greatly promoted by increased pressure -ibeso, 

# namely, which depend on the solution of gases in liquids, or on the prolonged contact 
of substances which under ordinary pressure would bo volatilised by heat. lieketufE 
has shown {Compt, rend, xlviii. 442 ; Zeihchr,f. Chem. 1S65, 376 ; Jafirmb, ISot), 66 ; 
iSfio, 13) that solutions of silver nitrate and sulphate, and an animoniacal solut ion of 
silver chloride, are re^luced by hydrogen in sealeil tubes, though under the ordinary 
jitin -spheric pressure, little or no reduction tjvkcs place; dilute solutions of silver 
tculph.ite aro reduc^ under lower pressures than concentrated solutions. A solution 
(,f iJilciiuTi acetate is decomposed by carbon dioxide under a pressure of twenty-seven 
t(t twenty-eight atmospheres, calcium carbonate being precipitiited in microscopic 
f.pherical groups of pointed crystals; under fourteen atmospheres no precipitation 
takes place. Carbon dioxide docs not decomjjoso a neutral S(>lution of calcium of 
' chl'^rido under a piressure of forty-live atmospheres, or of barium chloride at forty, or 
uf barium acetate at thirty atmospiheres. 

Tlu>orieH of Chomiciil Action and Chemical Affinity, and of the Constitution of 
tln-mical (^>mpounds, have been prop<)so<l by: 

t zirmanski, Th-eorie der cheiiiischen Verhmdurtqcn auf die rotir<ndc iWwvtjang der 
A(»iae basirt. Kmkau, 1863 and 186/). Jahresh, 1863. 8 ; 1868, 6. 

M.vumon6, Ann. Ch. Phys. [4] iii. 319 ; Jhdf. Soc, Chun. [2] ii. 129 ; Jahreab. 1864, 
8 ; turllnir, Co77ij}t. rend. btii. 697 ; Jahreah. 1866, 9. 

Tiaundler, Pogg. Ann. cxxxi. 65 ; 7,titschr.f. Chem. [2] iii. 673 ; Jahresh. 1867, 26. 

illnrichs, Atommechanik„ oder die Chtniie cine niechatiiscfie. Ihwegung dtr Vaimtojae. 
L>wa, 18(57- Also A Pr^grarfwie of Atonicchanics, Iowa, 1867*. Jahresh. 1867, 20. 
Further Contributions to JMolecidar tScic7ice, or Atomichanics. Iowa, 1868. Jahred). 
18(i8, 6. 

llnxlic, ‘ The Calculus of Chemical Operations : being a motluxl for the investigatiem, 
by means of Symbols, of the Laws of the Distribution of Weight in Chemical Change.' 
I'art I., ‘On the Construction of Chemical Symbols,’ Tran.^. Part IJ. for 1866. 
Chem. Soc. J. [2] vi. 367; alstr. Proc. Itoy. Soc. xv. 136; Chevu AWc«, xv. 296. 
Tor discussionson the same by various chemists, sec J.ahoratory, pp. 220, 230, 233. 266, 
3(13 ; Chem, Acics, xvi. 39 ; Phil, Mug, [4] xxxiv. 129 ; Sill. Am, J, xliv. 270 ; Kdinb. 
Phd. Trans, xiv. 212. 

CRSXfZiVZXZTlS. A ferniginous cupric arsenato from Cb^rnwall, occurring in 
quarlz-rwk, as a dark green compact ma.^^.s, of sp, gr. 3 93 (nearly), and hai^lnoHs Pd. 
Cives by analysis 32 20 p. c. Ah^O\ 2*30 P'*0\ 31-70 CuO, 2.'j 10 LVO^ 0 34 CaO, and 
8 GG water 100‘30) (Pisani, Bull, Soc. Chim. [2] vi. 30). 

CBSXroFODZTNriS. C*H”NO^. — A base existing in white goosofoot i^Chmopndiiun 
alburn)^ and produced in small quantity in the putrefaction of yeast, and of vegetable 
juices. It is prepared by heating the recciiLlv expresse<l juice of the young plant, U) 
free it from albumin, then evaporating to a thin syrup, treating the extract with hot 
alcohol, and again evaporating the alcoholic solution. The chen<»p(fdinc, which gra<iu- 
ully separates in grains, is pressed, waslietl with ether, and then dissolved in aic/)hol 
of 80 p. c., fn>Tn which it separHto.s in the pure sbite on cooling. It is a white, granular, 
tasteless, and incxlorous powder, appearing under the microswjpe as a nisiseof spherules 
rniwlc up of couTOotric needles, and when moistened with amyl alcohol or linsowl-oil 
varnish, exhibiting a dark cross in polarised light. It dissolves in 3 4 pts. of hot 

niid about 11 pts. of cold water; in 77 pts. of Isuling and 200 pts. of cold alcolud. 
At 200^ it begins to sublime in snow-white crystals, and at 226® sublimes completely, 
I'vcomes liquitj, and begins to boil, giving off an extremely pungent repulsive odour. 
Melting s<slium hydrate converts it, with evolution of ammonia, int<i a peculiar acid. 
<^>n adding Ijromine to the alcoholic solution, a rod powder separates aft(!r a while, and 
the re<l solution deposits large cubic crystals of chcnopcdinc hydrobromidc. The 
hydrochloride likewise cry-stallises in cubes, and forms a yellow precipitate with platinic 
chloride. The sulphate and nitrate crystallise in rhombic neoilles (H. Keinsc-h, 
A. Jahrh. Pharm. xx. 268 ; xxi. 132 ; xxvii. 193 ; Jahresh. 1863, p, 613 ; 1867, p. 631 ; 
also Wittstein's VierUljahrsschrifty xvii. 87; Zeitechr.f Chem. [2] iv. 670). 

CRZASTOUTB occurs near Lancaster in Massachuastts, in large elongated 
ncxlulcs an inch thick, and exhibiting a well-marked crucial structure in the interior. 
«p. gr. 2 923. Composition 41-96 SiO^ 48 60 9 30 Fe’O*, 0*41 CaO(* 100'26) 

(iWrsen, Jahresb. 1860, p. 926). 

CnuCIUDflJUrXTB. This mineral occurs, with ambl^^nite, at hLebron in Mains 
(D.d.), forming small hair-brown crystals essentially similar in form to those found 
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at Tavistock in Devonshire (i. 869), but distinguished by the occurrence of the face oP, 
and prismuticallv olongaU*d in the direction of tlie brachydiagonal. Combination 
oP.P.2too . oojPoo (G. J. Brush, SiU. Am. J. [2] xxxvi. 257. J. P. Cooke, tiirf. 
258). 

CBXBSil.PB'rXiXnr. A yellow crystalline substance obtained from Tyrola (or 
ChijfiajihyUa) umhellata (iv. 760). 

CBXXrOZiZMrE. CTf^N. — This base, like aniline (iv. 429, 475), unites with metallic 
salts, forming conipoundH represented by the general formula C^H^N .MX, where M 
denotes a metal (univalent), and X an acid radicle. These compounds are mostly 
crysUillisiiltln, slightly soluble in cold water, decomp<^scd by the prolonged action of 
boiling water, arui turn slightly yellow when exposed to sunlight. zinc-comyound 

(C"K^N)'^. ZuCP ciyshilliscs from a hot solution in small prisms, apparently mono- 
clinic. The mifcury 'Compound (C‘'Ii’N)''*lIg(NO^)® is a white precipitate nearly 
insoluble in pure waU;r, but crystalli sable from very dilute nitric acid. By decomposing 
the correspoiuling acetate with various salts of the alkali-mehils, the more easily 
dccomposilile compounds of chinolino with other mercury salts maybe prepared, A 
compound of chinolino with wcrcnr/c r'yrtw/V/c, (C''IPN)“ . HgC’y^, crystiil I isos from water 
in long shining x)risms. Chinolino unites in like manrjor with stannic clilorido, 
l)i8muth chloricie, antimonious chlori<le, and arsenious chloride ; but the resulting 
compounds aro less shiblo than the corresponding salts of aniline. Acids decompose 
the compounds of chinolino with motallic salts (except the mercury-eompound), 
giving rise to cry.Mtallisublo double salts, of which the foHowdng are oxamjtk'S : 

Antimony salt .... SbCP.C«U«NCl 

/ine salt ZnCB . 2C“TPNC1 

vStauuic salt .SnCI 2C‘»Jf^VOl 

AWftuxwxXv ..... 

(H. Sehiff, Ann Ch. Pharin. cxxxi. 112; Jahresh. 1862, p. VlOy 

Trihromochinol ine, i.s produced by the notion of bromine-vapour on 

chinolino, and cr^'staUises from alcohol in colourless silky needles, which melt at 
173^-175°, and volat ilise without residue at a higher temporaturo. Insoluldo in water, 
sparingly soluble in cold, easily in hot alcohol, easily also in strong hydrochloric or 
sulphuric acid, uiul precipihite<l therefrom by water. AVhen fused with x^tash it 
exhibits the same colours as chinolino. A compound intermediato between tri- and 
totra-bromocbinoline is formed by the action of bromine ou chinolino-sulxduiric acid 
(lAlbuvin, Z itsvhr. f, Chtm, [2] v. 690). 

Chinoline-Kulphu ric acid, C®1PN formed by heating chinolino for 
several days with bimiiig .suljdmric acid, separate's from hot water in largo anhydrous 
crystals, easily soluble in alcohol, insoluble in ether. The harium salt {C^Il“NS(.)'*)*Ba 
is sparingly soluble in water and separates on evax>oration in warty crusts. The silver 
salt crystallises in sparingly soluble needles. The acid fuswl with potash gives off 
vapour.s of chinolino and leaves a black amorxihous mass (Lubavin). 

C£mroXiXN’E-BE'U'& or CYBlTZirB. Tbo blue dye known in commerce by 
these names, which was di.'^covcrod l»y 0. Gr. Williams (i. 873), and is prepared on the 
largo saile by Miiller in Basel, has been investigated chemically by Naaler a. Merz 
{J. pr. Oicm. c. 129, Jahresh. 1867, p. 512). It is an amyl-chi nolino derivative 
having the composition whereas the similarly named comxK)und from the 

works of Mcnier in Paris, examined by Hofmann, is an amyl-lopidino derivative, 
. (iii. 673). 

C hinoline-iqdocyaniffe, or more shortly lodocyanine, forms, 

accordingly as it is recrystal Used by sx’o^taneous evaporation or by cooling of very 
concentrated alcoholic solutions, cantharides-green prisms and scales, or crystalline 
grains of a brass-yoUow' to bronze-yellow colour, differing from one another by their 
amount of water. It is very slightly soluble in cold water and in ether ; very soluble, 
with deep dark blue colour, in hot alcohol ; ami melts at 100°, with loss of water, to a 
bronze-coloured liquid which solidifies to a crystalline mass on cooling. Its formation 
by the action of potash on amylchinoline iodide (i. 873) is represented by the 
equation : 

2C»H’(C^H‘')NI + KHO = KI -f + C»H«IN* 

• Amylchinoline Chinoline*iodo- 

iodide. cyanine. 

The colourless solvition of chinoline-iodocyanine in hy^h»chloric acid deposits on 
•vaporation colourless scales of the hydrochloride which in the 
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exsiccator gradually crumble to a yellow powder ; at 100® this salt gradually gircs off 
half its hydrochloric acid, leaviug tho bronze-coloured salt C^*H.’^IN*.HC1, sparingly 
soluble in water, easily in alcohol. 

Chinoline^cyanine, or more shortly Cyanine, C^II**N’0 or C*"H**(OH)N*, is 
obtiiinod, together with resinous substances, by treating tho iodine-compound with 
recently precipitated silver oxide, or with potash in alcoholic solution, as a viscid, 
uucrystalli sable mass. 

nine, C**II”CIN*, is obtaiuotl by mixing the solution of cyanine in 
hydrochloric acid with ammonia, or by decomposing an acetic acid solution of sulphato- 
cyanine with barium chloride, and saturating the filtrate with ammonia; or 

by digesting an alooliolic solution of ivulocyanino with silver chloride. It forms brown 
fl'wks easily soluble in Imt water and in alcohol, ami separates from the former in a 
coherent cake of long blue prisms, from tho latter by spontaneous evaporation, in 
cantliarides-green shining neeilles, or in dark green prisms and tables. lathe air-driwl 
state it contiiins 41PO (14'2 p. c.). It dissolves withotit colour in acids, forming salts 
re.seinhling those of iodo-cyanine. 

Nitratocyanine, C‘"H’^NO^)N^ is obtained by preeij.itat ing an alcoholic 
flolution of ioilwyanino contiviiiing a little nitric acid, witli silver nitrate, snper- 
sjiturating the filtrate (freed from silver by cautions addition of hytlrochloric acid) 
with excess of ammonia, and distilling off tho alcohol. Tho residual resinous muss, 
which s(jlidifics in the crystalline form, is purified by rocrystallisatioii from very 
weak spirit. ISitratocyanine crystallises with 1 mol. ‘(3 70 p. c.) water in bronze- 
coloured highly lustrous rhombic neotlles and prisms, Kj>aringlv soluble in ether and 
in cold water, more easily and with splendid blue e(»h)nr in hot wat-er and alc»>hol. 
Tho solution of nitratocyunino in hydrochloric acid deposits by evaporation over 
quicklime, long transparent prisma of the compound C*"1I*‘*N''0=* . ‘illtd. which wlnai 
licatod above 6.')°, gives f)ff TlCl, and is C4)nverlcd into tho hhio salt ( JlCl. 
^Ulratocyamno heatod with UTumonium sul^Uiido yiehls, together wdth otJier products, 
a s\\g\\V\y baste compouad, dtssvdvlug witb red colour \u etWr, and separatvug 
therefrom in shining yollowisb-red monoclinic crysUvls, whose aualvsis lotuls U) ihe 
formula . 

Sulphat(7cijanine, C^«IP'»(.SO«)"Nb 4IPO, is formed, with evolution of iwiino 
and sulphur<^>U8 oxide, on heating iodocyanino with excess of strong sulphuric acid : 

2C="IPTN» + 2H\SO< = C‘“JP‘>(80*)N< + 2 UK) + + 80-'. 

On diluting the acid solution with water and adding nintnonia, Die sul]>]iatocyanino is 
prc^cipitiited in bulky ro<l-l,)r(jwn fioeks, and separates from a hot a(jneous solution, 
like chlorocyanino, in a mass of long blue needles, resemiiling a blood-clot. 

Cyanine-platinochloriile, C^’'}P"N-CIMT(’P or (r-'Ml^ClNK Hf ’1 . PtCP, is 
fonnwl as a yellow hydnited prccipitiite on ad«ling platiuic chloride to the hydro- 
chloric acid solution of a cyanine salt. 


I»Kl.>oyanine and its analogues may be regarded as diamines (sulphabjcyanine as a 
tetramine), represented by the following formula; ; 

(C^IP.OTIb^V 
(C*HKC»ir)»M ' 


(C»HK C7IP/- 

(C*U"y 

lodocyanine. 


N« 


(C*JI 
[C>U‘'»(NO 

Kltratocyuilno. 


q 


N* 


(C^HKC'-IP)*- 
rC«H‘« 




Lc*ip®‘' ^ 

Bulpbatocyanine. 


'•]) 


N* 


Th^ diamines form mono-acid and bi-acid salU, the latter being colourless, and 
^nrer^ at a moderate heat into the mono-acid salts, which are cydourod like tho 
themselves. Even silk decomposes the colourless solutions of the bi-acid salts, 
^ttmg wid free and acquiring a deep blue dye. Chinoline-blue, which appears of an 
©qua y beautiful lilac tint by lamplight, is unable to withstand tho action of sunlight, 

» ®,*5!T^***^ ** *OMOXiOO U MM OF* Bases obtained, together with chinoline, 
^ <iisiiilmg cinchonine or quinine with potassium hydrate. Chinoline and lepidina 
y Hj partly separated by f^tional distillation, and afterward more completoljr 
oy crystollisation of their platinum salts (i. 869); but for sepamtiW 

M of higher boiling point, the latter method is alone available. The higher 
*'*'“'*® d>»tiUate (boiling above 270®), freed from pyrrol and other 
by hei^ng its hydrochloric solution with a little nitric acid, and filtered 
•«P*uate a resinous mass, gives with platinic chloride yellow precipitates, the find 
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of which contain the bases of liighest molecular weight. The names and formula of 
the known bases of the scries are given in the following table : 

Chinoline, C-H^N. Pentahiroline, C'>H»N. 

Lopidino, Isolino, C^*H”N. 

Dispoline, C“H>‘N. Ettidino, 

TcLrahiroline, Validiue, 

Dlspolino is contained in the fraction boiling between 282° and 304°, and forma a 
beautiful orange-coloured platinum salt. By the action of sodium on these bases a 
subHOinco is ohbiinod which dyes silk a splendid orango-red (C. Gr. Williams, 
Laboratory, i. 100). 

CKXiORAClSTlSSril. Syn. with chlorethylidene. See Etuylidbnb. 

CKXtORiVXi. C*HCI*0 = CCP.OOH. — Produced by heating trichloracetal with 
sulphuric acid to 150° (Patorno, Zdtschr. f Cfumi. [2] iv. 733). 

Ghloral is converted by strong sulphuric acid into insoluble chloral, or motachloral, 
C^IPCPO®, which is afterwards resolved into chloralide and chloroform, or the products 
of decomposition of the latter, hydrochloric acid and carbon dichloride (Stadeler, 
Alin, Ch. rharm, cvi. 253); 

2C«IPGV'0» = 2C"IPCl'*0» + 2UC1 + C^Cl*. 

Metuchlorul. Chloralide. 

Chloral or metachloral distilled with strong nitric acid, or a mixture of nitric and 
sulphuric acid, yields chloropicrin, CCl*NO‘^ (Kokuli^, ihuL 144), 

Chloral mixed with an alcoholic siJution of sodium ethylate, is converted into 
chloroform and ethyl formate. The reaction however takes place wholly between 
chloroform and alcohol ; thus ; 

c^ucpo + enpo « CHci» + cu(c»n»)o» 

Chloral. Alcohol. Chloro- Ethyl formuto. 
form. 

The same reaction is prinluced by alcoholic potash, but not by alcohol alone, although 
great lioat is produced ou mixing the two liquids. Besides the chief products above 
xuontioned, tliero are also formeyl sodium formate, ethyl oxide, and a small quantity 
of a liquid having a higher boifing point, probably Kay’s tribasic formic ether 
(Kokulo, Ann, Ch. rharm. cxix. 187). 

When chloral is mixed with phosphorus pcntachloride, added by small portions, 
the mixture being gently wanned each time, ultimately boiled for some hours, and 
then mixed with water, an oil so]»aratua out, which when distilled yields ponta- 
chlorodimethyl or pentachlorotliaiio, C-IICP or CCP.CHCP : 

CHCPO + POP = POOP -I- C-'IICP. 

The same componiid appears to have been obtiiincd, though not pure, by Regnault, by 
the action of chlorine in sunshine on ethyl chloi*i<lo and ethvlono chloride fi 633 5731 
(Paterno, Zeitschr. f. Chem. [2] v. 245). ' ' ^ 

Chloral hydrate introduced under the skin is converted, on coming in contact with 
the alkali in the blood, into chloroform and formic acid : 

0*11 CPO. 11*0 « CHOP + CII*0*. 


The physiological actum of chloroform thus generated within the circulation is 
ditteront from that which it exerts when inhuloil, producing deep sleep, but not 
insensibility to pam. The diloroform and formic acid are ultimately converted into 
chloride and formuto of sodium (Liobroich ; Personno, Compt. rend, Nov 8 1869 ) 
rhe preparation of chlor^ hyilrate has lately been the subject of (insidomble 
attontioii, but all the methods given are merely modifications of that already 
descriM (i. 881 ). Muller a. Paul puss a current of dry and pure chlorine into pure 
absolute alcohol for about 70 hours, till the contonte of the flask are converted into a 
white n.M8 {^Ihut Chem. Gc. Jh-rlin. No. 16 , 1859 ). See also Thomson 

96; I’eraonno, Compt. rend. Dec. 27, 
1869). Accorfing te Thomsen, chloral hydrate boib at 116= under a pressure of 
756 mm., and solid.fiM at 40-2» According to Muller a. Paul, it is readily lubUmable, 
and may be thus obtained as a snow-white crystalline powder 

On chloral hy^te and alcoholate, see also B. H. Paul (Ph^rm. J. Trane. fSl i. 621 • 

, 8oc,J. [2j IX. 134). *■ ** ' 

ia converted by aodium-amalgaia 
into propylene glycol : C»H*0*CI H* = HCl + C*H»0* (Lonwnco, Comvt md 
^ 1048 ; Buff, Chim, [2] x 123). It unitoadirectly^^metStel 

When cheated with it, forming the componnd N(CH*)*.C*HXOH)*Cl, whnS 
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ciTstallises in slender needles soluble in \fator. The solution mixed with auric 
chloride forms orange-yellow needles of the gold-salt N(CH*)*.C^irXOH)*Ci. AuCl* 
(V, Moyer, Zeitschr, f. Cfum. [2].v, 439). 

Dichlorhydr iviy C’H*(OH)Cr’*, heated with potassium cyanide and alcohol to 
100° in a closed vessel for 24 hours, is converted into d icy an hydrin, which when 
boiled with potash yields oxypyro tartaric acid, C^II^O* ; 

C^H^OCF + 2KCN = 2KC1 + C*U«0(CN)« 

and 

C>H«0(CN)a + 2KHO + 211-0 = 2NK* + C^U«K»0> 


(Maxwell Simpson, Proc. Roy. Soc. xiii. 44). 

Dichlorhydrin dissolved in ether free from alciihol. but not dohj’drutcd, is converted 
by sodium-amalgam into isopropyl alcohol (Butt* loc. cit.)'. 

CH‘Cl CH» 

CHOU + 2H^ « 2IIC1 + i^iion 

ilPCl ilP. 


Tricklorhy drill or Glyceryl Trichloride, C^IPCB, is formed, together with 
other prcKlucts, by the action of phosphorus pontachlorido on fu-roloin. A convoniont 
mode of preparing it is to heat acrolein hydrochloride, C®llH).HCl, with 1 mol. 
phosphorus pontachlorido as long as hydrochloric aei<l is given off, and submit tho 
waslied product to fractional distillation (Gimlher, Juhresb. 18C4, p. 333). It is also 
formed by tho action of chlorine, or of a mixture of poUissium chlorate and hypo- 
elilorous acid, on isopropyl iodide (Linnomann, Jahresb. 1805, p. 489). A solution of 
trlchhjrhydriu in 7 or 8 vol. alcohol, saturated with ammonia and heated to 130°- 
110° for three or four days, is converted into chlorodiallylamine (Engler, 
p. 95): 

2C*n«Cl* -t 5Nn» » 4N1PC1 -h (C>IHCl)»Nn. 


Respecting tho chlorh^airins corresponding to propyl phycite, see tlnit compound. 

Epichlor hydrin. C*K*0C1. — Two rational formulae have been assigned to this 
cumwuud, viz., 

H^cci n»cci 




or H 

ipd" 


and (C*n<y 


sou 

I Cl 


or no 
II 

II coil. 


Tho first of these supposes that tho oxygon is directly connoct4id with two of tho 
carlwn-atoms ; whereas tho second supposes it to bo joined to only one at/>m of 
c.'vrbon and to one atom of hydrogen — in other words, to be j>rosont as hydroxyl 
^ii. 896). That the former of these represents correctly tho stnjcture of epichlor- 
nydrin is shown by the resiction of that compound with phospliorus trichloride and 
bromine. It appears indeed, from tho experiments of Wichellmus {Ann. Ch. Pharm, 
St/ppl. vi. 277), that when organic bodies (Kjntaining hydrf^xyl are thus treated, the 
nltiiTjato products are a chlorinated organic compound, phosphorus oxychlorobromido, 
and hydrogen bromide, whcreiis bo<lie8 in which tho oxygen is entirely combined with 
tho Cfirbon-atoms, like tho ketones and oxides, yield as final pr<x]ucts an organic 
bromide and phosphorus oxychloride. Now when cpichlorhyurin is mixed with 
1 mol. PCI* and 1 raol. bromine, (Br*), is jwl<led by small p<^>rtions to tho cooled 
mixture, a product is formed wliich by repoatetl rectification may Ijo sopamtod into 
phosphorus oxychloride Injiling at 110°, and dibromochlorhydrin, C*ll^Ilr-‘Cl (i. 894)^ 
boiling between 195° and 200°; 


K*CC 1 

1 

H*CC 1 

I 

HC^ + PCI* + Br* 

== POCl* + H CBr 


I 


H*CBr 

Bpfchlorhydria. 

Dibromochler- 

bydricu 


If the epichlorhydrin molecule contained hydroxyl, tho latter would be replhcad 
an atom of chlorine (Darmstadter, Ann. Ch. Pharm. clii. 319), ^ 

Epichlorhydrin heated to 100° with acid sodium sulphite unitoa with it din^J^' 

6 up, jr -p \ 
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arming the beautifully cryetalliscd sodium salt of chlormet^l-isethionie 
,r chlorhy droxy propyl-eulphoDic acid, C H Cl(OH)SO H (Darmstadter, 

Zeitschr. f, C'fietti. [2 j iv. 34*2) : 


H'^CCl 

I 

H C. 

i..p° 


HSO^ONa 


H“CC1 

H(ioH 


H^CCl 

I 

or H CSO^ONa 


H^CSO^ONa H^COH. 
a concentrated solution of 2 mol. neutral potaasium 


l^]j)iclilorhy(irin heated with 
st/lphite ilia retort with upright condenser, yields the dipotassic salt of disulpho- 
jrlyt'opic acid, + 21FO, together with free potash, the reaction probably 

taking place in two stages, as follows : 


and 


II^CCI 

Eiiicblorhydrln. 

IPCSOH)!^ 

I 

U COK 


KSO^OK 

KSO^OK 


+ llOII 


KCl 


H^CSO^OK 

H ioK 

I 

H'^CSO*OK 

'fripotassic 

disuiiiUoglyccrute. 

IPCSO^OK 


Kon + H con 
I 


JPC.SO-OK II*Cf30K)K 

Trlfmtfisrttc Dipotassic 

Dimiliiluiglyccnito. Dlsulplioglycorate. 

(Piitzschko, Zvitiftehr. f. Chera. [2] v. 612.) 

Kpichlorliy<lrin iiiiiti'S directly with hypocMorous acid, when added to a cooled 
solution of that acid coiitainlug from 6 to 8 p. c. ClOH, and protected from light, 
forming tlio d i ch lor hy il r i n (C-'H corresponding to the tetratomic 
alcohol, Tiropyl phyeite, (C‘4£*)*''(01l)^ (v. 894); 

onVoci + uoci = cWi^ 

(CariuH, Ann. Ch. Phnrm. cxxxiv. 71). 

I'lpiclilorhydrin iiuitcH directly with acid chlorides and anhydrides, forming 
chlorhydrins containing the corresponding acid radicles, the proportions in wiiicli 
the combination takes place varying according to the tomperaturo and circumstances 
of the reaction. Tlius with acetyl chloride at ordinary temperaturts, after long. 

standing, or more quickly at lOO*^, it forms acetodichlor hydrin, = 

Cv‘‘lI*OCl + C'‘*H*OCl. In like manner is formed ftM/yroJicA/orAvrfrm, C*II*(OC^H'0)Cl*. 
‘With hcmoyl chloride at 180'^ it forms bonzodichlorhydrin, C*H*(OC’H^O)Cl*. 

Kpichlor hydrin and acetic chloride heated for thirty hours to 100® in sealed tubes 

form (besides aeetodichlorhydrin), diglycerin-acetotrichlorhydrin, 

(C’H");' ( ocm^o { Cl» 

and triglyccrin-acetotctracklorhydrin, (C’H^y" 4 O'* , produced respectively by 

(CTpy'lcp 

the union of 2 or 3 mol. epichlorhydrin with 1 mol, acetyl chloride. Epichlorhydin 
heated for four hours to 180® with acetic anhydride yields diacetochlorhydrin , 

- C'U'OCl + (C‘H*0)>0; aud when heated with acetic 

anhydride for 20 hours to 200° it forms (besides the last-mentioned compound) a body 
having the composition [ oi “ C*H*OCl + 2(C*H*0)*0 (Truchot, B\dl. 8oc. 

Chim, [2] V. 447 ; vi. 481). 

CllKXiOliZms. The following methods of preparation on the lai^ge scale have been 
prq^^ed as capable, under particular circumstances, of advantageously replacing the 
O^ltory mothotl of decomposing hydrochloric acid with manganese *diojcid6 : 

]L.,Bmks and Macquoen {I\^cknoloyis(e, 1862, p. 627) heat a mixture of 2 moL 
mAlpesium chloride and 1 mol. manganese dioxide, whereby 2 mols. magnesia and 
ll^piol. manganous chloride are formed and 1 mol. chlorine is given off : 
r " , 2MgCl» + MnO* =« 2MgO + MnCl* + CIK 

method is described by Clemm (Jonmal of Gas-lighting^ 1863, p. 385). 
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2. Schlosing (RSp. Chim. pure^ iv. 378) proposes to heat a mixture of hydrochloric 
and nitric acids, suitably concentraUHi, with manganese dioxide, whereby chlorine, 
manganous nitrate, and water are pn)ducoil. The manganous nitrate heatoil to between 
150^ and 195'^ yields manganese dioxide and nitrt)gen tetroxido ; the latter under the 
influence of water and oxygen reproduces nitric acid, which, together with the manganese 
dioxide, may be used for the deeomiKjsition of a fresh quantity of liydrochloric acid. 

In one experiment, using 4 equiviilents of nitric acid containing tjO i'i p. c. and 

3 eq. of hydrochloric acid coutxduiug 39-5 p. c. lll’l, these ueiJs being dilutetl with | 
of their volume of water and lieatoii to 122^, 8clilosing obtiiined 91 p. c. of the 
chlorine contained in the hydrochloric acid, recovering at tile same time 93‘3 p. c. of 
the manganese and 91 p. c. of the nitric acid. This method seems therefore to 
promise well for application on the manufacturing .scale. 

3. Laurens Chim. (tpp. iv. 110) mixes cupric chloride, CuCl*, with half its 

w^oight of sand, dries the mixture, and heats it to 2d0^-300” in an earthen retort. 
The residue, consisting of cuprous chloride, Cu‘('l-, is reconverted into cupric chloride 
by expt)suro to the air in c.ont:ict with hydrochloric acid. 

4. Mallet {Hull. Soc. Chon. [2) vii. 322) directs a current of air over cuprous 
chloride heated to 100^, whereby an «>xychloride ChrCl'T) i.s formed, which is decom- 
posed by hydrochloric acid into cuprous chlori<lo, water, and free chlorine : 

Cu’CPO + 21IC1 = CirCl- -f H‘Tj + Cl“, 

In a subsequent paper {Compt. rani. Ixvi. 349) Mallet states that bi twccn 1IH)° and 
200'^, and oven at higher tempcratiu’os, cuprou.s chloriile is almiKst instantly cou- 
verlctl into oxychloride in a stream of moist air, and that the latttT, if hyilrochloric 
acid ho slowly di*opped upmi it at t he same time, may bo converted into cupric chloride, 
which gives off chlorine when further healed. 

6. II. Deacon finds that when a mixture of liydrochloric and oxygc'U gas is pass(‘d 
over cupric sulnhate or other copper salt heated to 700^-730° I'., the liydrochloric acid 
is completely deconiposod, its hydrogen comhiniug with the (>xyg<!n, and the chlorino 
being sot free. The best 'vay of conducting the proccs.s is to pa.s.s the mixed gases 
over pieces of brick soaked in solution of cujiric suljdiato and dried, Ia‘at|-s!ilts, 
except, tho sulphate, act ill the same maimer, hut require a higher temperature; also 
mangaueso salts, but Ic.ss completely. The action of all the.se salt.s ajipear.s to ho 
caUilytic September 3i>, I870j. This proccs.s is iniw carriisl out on tho 

manufacturing sciilo. Tor other pu’oeosses, see Kichanhsou a. ^Valt.s's Chc/nicnl 'J'iX'h^ 
nohxjy, pt. iii. p. 380. 

In the oixli nary method of preparing chlorine by oxid).sing hydrochloric acid with 
inangamso dioxiilo, the w'uste still-liquors, consi.sting of solution of manganous 
c hloride and ferric chloride, have always been an ineumbranc<‘ to tlie innnufai l urer, 
and have hitherto been but little utilised. Metiiods f)f roi-mivert ing the^ manganese 
coiiLainud in those liquids into dioxide liave however been [)roposed, and to a 
Certain extent carried out. DuTilop ami Jlalmain nciitrali.se the Inpiiil with crude 
uinmoniuni carbonate (from aminoniacal gas-liquor), which throws down ferric oxide, 
and then precipitate the decanted solution comjiletely with a fresh proportion of 
ninmuniuni carbonate, which throws down manganous carlM>nate. Tho latter dried 
and calcined in a mulflo is convorte*! int/j a mixture of dioxide and an inUjrmodiato 
oxide. Calcium carboimto may also be us(}<l inst-ead of ammonium carboimte. — • 

D. W, Uofrnann {Diiujl. pot. J. clxxxi. 364) recommends the following jirocess. Tho 
impure manganous solution neutralised with chalk or lime is proci]>it;itcd with calcium 
sulphide (for which purjxjso tho yellow liquid obtained by lixiviating soda-waste atl-or 
exjHjsuro to the air may be used) ; and tho precipitate of manganous sulphide and 
sulphur sepsirated after 24 hours is dried at a gentle heat. It then exmtains about 
37 p. c, sulphur, and forms a gtKxi material for burning in pyrites burners. Jlofmaiin 
obtained from it 41 p. c. sulphur in the form of sulphurous oxitle, arnl a residue con- 
sisting of 73*4 p. c. manganous sulphate, 8 8 p. c. manganese dioxide, and 13'8 p. c. 
manganous oxide. The latter gently heated with Sfxlium nitrate (2 moJ. iS’jiNO*^to 
1 mol, MnO or MnSO') yields, with evolution of nitrous va|x>uni, a mixture of sodium . 
sulphate and the higher oxides of mangiinese. The wa-ihed and dried prfiduct yields 
on tho average a quantity of available oxygon equivalent to 33 p. c. MnO*. Anp itbn 
that may bo present in tho crude manganese csjlution may bo separated beforo''3i^ 
precipitation, by £^dition of a small quantity of soda residue. 

W. AVoldon {Laboratory^ i. 443) precipitaUss the crude man^nesc solutioQ; 
gonemting vessel with slaked lime, and passes a stream of air into tho liquid 
to bring the manganese to a higher state of oxidation. The resulting ' 

calcium chloride is decanted after subsidence. The oxide of man^nese thiw 
»s ^id to correspond to 63 p. c. dioxide. For a full description of this 
which it now largely employed, see Chemical Rews, Sept. 23, 1870. 

V jr 2 
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Kulilmann (Compt. rend, xlvii. 40.^) utilises the manganese residues for the prepara- 
tif>ri of barium rliloride, by heating thotti, after ovapomtioa to dryness, with a mixture 
of Jiative Ijarium sulphate and eluircoal ; 

MnCl* + 80‘Ba + BaCl* + MuS + 4CO. 

7'!io barium rliloride in extracted by lixiviation. 

tin Ko li<jUors, which contain free chlorine, as well as manganous, manganic, 
;i!id ferric clilorides, are utilised by J^. Kopp at Ifieuzo for the recovery of sulphur 
frwm sod a-waste. Tlie sulj)hur which is conUiined in them as sulphide and hypajsul- 
of (ulcitirn, &c., is separateal by tlie action of the manganese liquor, jmrtlv in 
ihii free staUu partly as hydrogoa sulphide: 10,000 litres of manganese liquor yield 
oti file average 36 kilos, of pure sulphur. An additional quantity is recov(;rcd 
by bureiiig the hy<lrogea sul|)hido with a limited supply of air Ch. Phtjs. [Ij 

A ii. o, 63 ; //«//. t>oc. Chim. [2j iv. 33.5, 410; Jakresh. 1865, p. 770). 

Phi/slcol Pruperrus uf Chlorine . — I'nmi the experiinonts of hk Ludwig (Ztn/schr. f\ 
('h,-,n. [2] V. 172) it appears that chhirino does inA Cfmforni to (Jay-Lussac and 
Mariet.le’.s laws till raised to temperatures considerably above its point of coiidensatieu. 
Its .spceillc gravitic.s at ditfurent temperatures wcre fuuiid bj be as fellows : 

Hp. Hr- Ten.p. .Sp. ,?r. 

-0^ . . . 2'tS07 l.>0^ , . . 2- 1600 

ho . . . 2i7H:{ 200 . . . 2 1.>02 

100 . . . 2 1685 

The density calculated from the atomic weight determined by Sta.s (35-457) is 
2-15012. ' 

(dihn-ine gas li(|ii«dicH utuh-r a ]>ros.surc of six atniosjdieres at 0°, ami under eight 
and a half atmospln res at 12-5'’ (Nimiiann). Liquid chlorine lioils under the onlinary 
utmospherie pressure at -33-6^ (Kegnanlt, Jahnsh. 1863, p. 70). According to 
lioir ai. Urion {llnll. Sac. (.'hint. 2'! juin 1 850), chlorine docs not liquefy umler ordi miry 
jU’cssuro at — .11^; butii.Lthe liunpcraturo ol — 50°, oblaiueil by blowing air over liquid 
sulphurous oxide, the liquefaction takes place. 

C II L O R I D K. S. 

Hydrogen Chloride. Hydroehlorio ilcid. Among various methods suggested 
for the preparation of this aicid on the nianufucturing scale, may be mentioned (lie 
decomposition of calcium cliloride by acpieous va[)oiir at a higli temjierature. The 
calcium chlorule obtained by treating the still-liquors of the chlorine manufact.uro 
-with calcium oarboiuite (p. 435) nuiy be utilised for this purpose (iViouze^ J. Chim. 
'mrd. [4 j vi. 107 1 Compt. rend. lit. 1267). At prisent, however, l»y far the greater 
part of the hydrochloric aicid used iu the arts is obtained as a secondary priKluct in 
the decomposition of conimon salt by sulphuric acid for the pnsluction of sixtiurn 
sulphate in the soda nuinufacture. the vajamr of hydrochloric acid thereby evolved 
being comlenscil by passing through biwcrs Hlled with fragments of coke or sUme, 
ilown which a eoiitimious stream of water is made to flow (v. 610). For details, see 
Lichartlson and Watts’s Lhimical Ticknvlogy^ vol. i. pt. iii. pp. 204-215 and pt v 

pp. 235-244. . r i - • 

Hydrochloric acid free from arsenic may be readily ubtaino<l by distilling the crude 
coininerciul aciil with liimiug solution of stannous chloride, filtering after twenty-four 
hours from the precipitated metallic arsenic (p. 217), and distilling from a retort, the 
receiver being changed after the first tenth has passed over (Dettendorff, Ziitschr. f. 
Chem. [2] v. 493). P. W. Hofmann {Udd. 253) prepares pure hydrochloric acid by 
tilling a Kittle having a twice periorated stopju-r, to onc-thinl of its volume, with the 
crude acid, and adding sulphuric acid of sp. gr. 1*848 through a stopporod funnel. 
Hytlrochloric acid gas is then immediately evolved, and may bo collected, after 
washing, in distilled water. 

Gaseous hydn>gen ohlorido is somewhat quickly decomposed by a glowing spiral of 
iron wire, or by the electric arc between iron points, white fumes of fernms chloride 
being formed and the volume of the gas rctiuccd to one-half ; the decomposition is, 
however, not quite complete, even after the experiment has l>een continued for several 
hours. The induction-spark produces a scarcely perceptible diminution of volume 
even when continued for a long time (Huff a. Hofmann, them. Soc. Qa. J. xii. 273). 

When air mixed with vaj^ur of hydrochloric acid is passed into a worm solution of 
^tassium mrmanganate niixed with sulphuric acid, or through a mixture of manga- 
||e8%>dioxiae and sulplmric acid, the hydrochloric acid ia oxidised to himochlorous 
%cid, HCIO (Odling, Pharm. J. Trans. [2] i. 469). 

3Hydr0C%lorie acicl giis is absorbed by solid nitrogen tetrvxide (iv. 76 ), forming a 
liquid which by repeated fractional distillation, maybe separated into two liquid 
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compounds, one boiling at — 5®, the othcsr at + 6. The former is Gay-Lussno’s chloro- 
nitric acid, NOCl* (iv. 116); the latter has the composition NO*Cl (li. Muller, Ann* 
Ch. Pharm* cxxii, 1). 

Aqueous hydrochloric acid heated to 200® for sixteen hours with amorphous phos^ 
jkorus gives off gas and yields a solution of phosphorous arid; apparent Iv thus : 
^llCl + F* = Pll* + PCI* ; and PCl> + 311*0 « 311CI + PU"U‘ (Oppouheim, 
pulL Soc. Chim. [2] i. 163). 

Anhydrous liquid hydrochloric acid is much less energetic in its chemical reactions 
than the aqueous acid : it does not atljiek magnesium, zine, iron, lime, metallic 
sul}'hides, or certiin Ciirbonates. Potassium, siHliuin, tin, and lead are attacked, hut 
wit!iuut evolution of gJis ; aluminium dissolves in it quickly, with efferveseeiiee (Gore, 
Phil. Mag. [1] xxix. 641). 

Metallic etilorldeu are decom|io8o<l by aqueous vnj>f>ur at. l»igh temperatures, 
yielding metallic oxide.s and liydroehlorie acid. With 1 he chlt>rides of the lu'avy 
metals, especially those whieli are volatile, this dtHvmqinsitiou takes j>Iai'e easily, also 
with the chlorides of aluminium an<l noigiiesium. The el»lorlch\s of calcium and 
strontium are decomposed more slowly, whereas those of Imrium, poiossium. and 
Sodium arc not doeomptised by aqueous vaj^)ur alone, but oidy in presence of silica; 
lithium chloride, on the other hand, is decoinjsjscd by u<}ueou.s vapour alone 
(Kulinlieim, Jahresh, 1861, p. 141)). 

The rciictions of mettdlic chlorides with aannonia uro discribcd in the Dictionary 
under the chlorides of the respective metals ; see also Deberain {Vonvjd. rend . \\\. 
7^14 ; lii-p. Chim. jpurf^ 1861, j>. 216). On the itetion of nitric acid on metallic 
cliloriiles, see H. Wurta {Sill. Am. J. [2] xxv. 371 ; Jahresh, 1868, p. 601) ; of phos- 
plmrus pentachloridc (iv. 512). 


TuANSFORMATION of Clir.ORINATED INTO IoT>ATF.n OuOANlC CtJMroUKOS. 




Ad. Lieben has made impf>rtjint experiments on this kind of transformation. Ethyl 
chloride, mixed in a scaled tube with three or four limes its weight of strong hydricKiic 
acid, sp. gr. 1'9, and hwit^sj for five hours to 130-’, is almost wliolly converitiil into 
ethyl iodide, according to the exjuation: 

CTI»C1 + HI = CMDI + TTr:i. 


In like manner ethylated ethyl chloride (butyl chloritle) and amyl chloride are con- 
verted by strong liydriodic acid into the corresjMuuling itKlides, without foriimtion of 

secondary products. EthylchlorinatM ethjd oxide O is converted, by 

an excess of strong hydriodic acid, chiefly into otli^l iodide and elhylat<Kl (tlliyl imlide 
(butyl iotlide) ; but tnero are also some sc.con<hiry pr«Klucts ff>rmed, viz. butyl ehloridc, 
nlcohf)!, and a substance having a carljonacoous asjKrt, the (juantity of liiesti stK-ondary 
]>r<xiucts increasing as the hydriodic acid is less concenlriit.o<l and present in smaller 
quantity. To determine whether the action »>f hydritxlic acid is a simple double 
dccompt>sition or a caso of the action of masses, the converse rcacthm was triwl by 
heating ethyl iodide with a considemble excess of hydrochloric acid in a scale<l tube 
to 130®. A small quantity of ethyl-chloride was thereby obtaiiud, tom^ther with 
hydriodic acid and free iodine, showing that the inverse of the flrst-doHcribed reaction 
d«>os really take place; but the quantity of c^tliyl chloride which it yiidds is very 
small, even when the action is continued for flfty hours. The msult of the two 
supplementary experiments, namely, the docompjjsition of ethyl chloride liy hydr<»gen 
ifslide, and of ethyl iodide by hydn^gon chloride, may bu n presenttjd, though some- 
what crudely, in the following manner: 

(Affinity of H for I) + (Affinity of CTI® for Cl) 

< (Affinity of H for Cl) + (Affinity of C^IP for I). 


The decomposition of ethyl chloride and its homoh^ms by the action of hydriodic 
acid, is analogous to the aocomr>o«ition of silver ioflide by the same rcfigent. As an 
example of the action of hydriodic acid on oiganic chlorides of other series, chiorofarm 
CHCl* was introduced, together with eleven times its weight of liydrio<lic ticid Of sp 
gr, 1*9, into a sealed tube, and heated for seven hours to 126®. The priiidj)al mnilti 
of this reaction were hydrochloric acid, free iodine, and methvhjne i<jdido, CH*1* 
Now, rememl>erinp the fact, demonstrates! by KekuUj, that iodides submitted to th 
action of hydriodic acid undergo an inverse sul>stitution, the reaction just ciUMSOfite 
may be explained by supposing that the chloroform is in the fli^t instance 
into iodoform, which is then converted into methylene iodide by the 
hydriodic acid. Urns : 
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CHCl* + SHI - CHP + 3IIC1 


CUP + HI = CHH* + P. 

In other rnffOM, the action repmsented by Llio second equation goes so far as to remove 
all the if^line from tin; iodaleil ])ro<liict f*>rmed in tho first instance, and convert it 
into tho corresponding hydride. Huch, indeed, is tlie case with compounds belonging 
to the aromatic, series. Jh rl helot Snr. Chim. [2] ix. 30) has shown that Juliti’s 

chloride of carbon, or perchloriiiated benzene, is converted into benzene, 

when heatcfl t/> 280‘^ with a large cxce.ss of hydrifxlic acid ; and Lichen finds that 
monochlorolienzeno, ho:ite<l to 23o°, for fifteen hours, with from three to five 

times its weight of hydriodic acid, likewise yields benzene. 

Tho action of hydri<slic acid on organic chlorine-compounds appears, then, to 
exhibit two cases ; 1. Tho chloride is easily converted intxr tho corres])Otuling icnlido 

by tiuuldo decomposition, whereas the transformation of tbe iodide into the cxirre- 
ponding hydride is ditHcult, and takes place only at high tenipfratnres. In this case, 
if the experiment is well condneted, an iodide is obtained without a trace of hydride. 
.Such iH fbo (uuso in the action of hydriodie acid on tho chlorides of tho sorbs 
(;ujpjn+i(q — 2. The ehlorido is attaeked by hydriodic aeitl with ditiienlty, and only at 
a liigh temperature, whereas the eonversion of the iodide into hydride takes placo 
easily, and at a comparatively low temperature. In .such cases, as with the chloridt s 
of the aromatic scries, tho priKluct of the reaetion is a hydridi^ without any trace of 
iodide, in some cases, as that of chloroform, intm’meiliatt? products olftained, 
only part of the iodine being removed by tho inverse reaction [Gk^nttile di S<ienze di 
Palermo^ v, 130). 

CHliORmS, OXVGESr-ACZSS or. Tlmso acids, with the exception r)f 
perchloric acid, are reduced by nitrons aci<l ; chloric acid in tlie lirst iiistam’e to 
chlorous acid; clilorous and hyi><KdilorouH acids immediately to hydrocliloric acid: 
irCKP -e HNO^ = ll.\{)3 + Ht’lO- 
HCIO^ + 21IN()2 = + HLl 

H('l() -f UNO- ILNO* + IK'l. 

Perchloric acid Is not altered by heating witli nitrous acid, even in concentrated solu- 
tion (Toussairit, Ann, Vh. Pkann. cxxxvii. 111), 

Bypochlorous Oxide, Acid, ami Salts. Hypochlorous oxiilo gas is alisorhod 
by mlphnrii' e.Wdc, forming a dark red thickisli liquid, which on cotiling solidities to a 
mass of slemh'r needles consi.sting of (,’F0.4S0‘. This compound melts at about 
is insUintly res<dv(Hl by water into hyptichloriais and sulphuric acids, acts ujx)n ioilino, 
with evolution of ciilorine and formation of ioilic acid, anft as a powerful oxidising 
agent on sugar, alcohol, and other organic. lai<lics. Wlieti quickly heate<l, it detonates. 
Hypochlorous oxide is likewise absorbed by licjuid oxide; but as soon ns 

tlie containing vessel is removtxi from the frn'zing mixture, a rapid evolution of 
chlorine bikes place, and a red viscid liquid is left, containing hyp<jchlorous and 
sulphuric oxides in a proportion not yet determined (Schhizenborgor, Compt, rend, lii. 
13.5). 

Carius (Ann. Ck. Pharm. exxvi. 129) prepares a 2 to 3 p. c. solution of hypochlo- 
rous acid containing mercuric oxychloride and excess of mercuric oxide, by agitating 
mercuric oxide, previously heated to 300'^ and suixpendeil in A small quantity of water, 
with chlorine gas as free as possible from air (lo grms. HgO to 1 litre of chlorine) in 
a dark placo, in bottles provided with glass stoppers and not holding more than a 
litre ; with larger quantities, tho prep:iration fails in consequence of the formation of 
mercuric chlomto. The aqueous acid thus obtained is mixed with a small quantity of 
precipitated mercuric oxide previously boated to 300®. Such a solution is better 
adapted for certain experiments on organic btKlies than pure hypochlorous acid, which 
oa8’'y gives otf chlorine oven in very dilute solution. 

Hypochlorous acid unites directly with many un3aturate<l organic compounds, 

with ethylene, forming ethylene oxj-chloride or glycolic chlorhydrin, ; with 

awiy/rwc in like manner, forming ; with glyceric epicMorhydrin^ C*HK)C1, 

forming the dichlorhydrin of propyl-phycite, (CHI‘)*’ I , &C, (Carius). With 

turpentine ot7f it also forms a dichlorhydrin, , which dissolves in the 

aqxieous liquitl and may be extracted therefrom by ether ; and likewise a viscid liquid 
apjmrently containing di- and tri-chlorinated turpentine oil. With camphor it forms 
monochh>nK‘aTuphor, C“*Il’*ClO (Wheeler, Z€it.<<'hr, /. Chem, [2] iv. 170). 
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Calcium Hypoeklorite. — ^The constitution of bleaching powtler has lately been 
examined by J. Kolb (Ann, Ch, Phys. [4] xii. 266 ; Jahresb, 1867» p. 192), who finds 
that the most concentrated preparation producible l)y saturating dry calcium hydrate 
with chlorine contains 38-5 p. c. blmching clilorine, 45 8 lime, and 24 7 water, corre- 
sponding with the formula 3CaHW + 4C1 or Call 'O* + 2(CaO .11*0 . CP) or 
Ca*H‘‘0*.CP. In this prtxluct, the water and the whole of the linio are essential 
constituents, which cannot l>e removed without complete deoom]>ositiou of the compound. 
Cximmorcial bleaching powder always contains a slight excess of water, us well as free 
lime, which g^ves it greater stability, an effect likewise prtHiuccKl by other iuactivo 
Buhstanccs, such as carbonate and sulphate of calcium. Dry chloride of lime is 
dfcom posed by water, with separation of calcium-hydrate and formation of a solution 
containing chloride and hypochlorite of calcium : 

Ca>H«0''GP = CallW + CaCP + Ca(ClO)* + 211=0. 

Hydrate. CUlorWo. Hyix)- 
cblorito. 

This agrees with the result formerly obtained by Presenius (iii. 237). Ilonco it appears 
tluit the solution of bleaching powder differs materially in constitution from the tiry 
pnxluct, which does nut appear to contain a roatly-formed hypoehUirite ; in fact the 
dry compound and the solution differ materially in their mude.s of d4'eomposition under 
the inrtuence of free chlorine and of hoiit. (a) Dry Ideaehing powder is not altered 
at orlinary temperatures by an excess of chlorine ; but the solution when thus treated 
becomes strongly acid ; and on afterwartls cxjx'lling the excess of chlorine from the 
solution by a current of carbon dioxide, the (pnuitity of bleaching chlorine 
(1 hat is in the form of hypochlorous ivcid) in the l!<piid is found to have doubled; 
t hus ; 

CaCP + Ca(ClO)» + CP 2ID0 - 2CaCP -f 4HC10. 

This reaction may servo for the preparation of hypochlorous acid. 

(fi) Under the influence of heat (at 80°-90° if it is poor, at. 40‘^-35° if it is rich) 
dry chloride of lime is converted into chlonito, becoming pasly in consequence of the 
Si-paration of water : . 

3Ca*H*0«CP « 6CaCP + Ca(C10»)* SCalPO* + 6H=0. 

The dissolved chloride is much loss alterable. an<l it is only at the boiling heat and 
wlien concentrated that it is converted into chlorate, with evolution of oxygen and 
chionne. In direct sunshine, the dry chloride is doe^)TnfK)sed in tlio same manner as 
when heated, though less quickly; the dissolved chloride is partly converted into 
chlorite. 

Dry chloride of lime is completely decompostxl by dry carbon dioxide, with evolution 
of chlorine, whereas from the aqueous solution, even the grcat<*st excess of carbon 
dioxide precipitates only luilf the calcium as carbonate, and with separation c)f hypo- 
chlorous acio, which docs not act upon the residual calcium chloride. The same 
b(‘haviour is exhibite<l by solid chloride of lime in moist air, whence it appears that in 
the use of bleaching powder for disinfecting the air, the active agent is not free chlorine, 
but hypochlorous acid. 

According to .Scheurer-Kestner {Bull. Soc. Chim. [2] ix. 159), a slight elevation of 
temperature (to about 65^) consequent on the absorption of the chlorine is not disad- 
vantageous in the prcxluction of bleaching powder ; but an excess of chlorine actually 
diminishes the proportion of that element in the prcxluct available for bleaching, 
apparently in consequence of the formation of chlorite. When a rather thick layer of 
slaked lime is saturated with chlorine, the superficial portion is always inferior in 
bleaching power to the lower portions. 

Solutions of bleaching powder or of pure calcium hy]:x>chlorito exposed to sunlight 
give off ordinary oxygen, yielding at the same time chlorite as well as chlorate of 
calcium. 

For the analysis of bleaching powder Kolb (loc. cit.) estimates the bleaching chlorine 
volumetrically by Guy-Lussac's method with arsenious acid ^i. 904), and the entire 
amount of chlorine present as chloride and hypochlorite, in another p#jrtion, by 
precipitation with silver nitrate, after previous warming with ammonia to convert 
the hypochlorite into chloride : 

ZCaiCnoy + 4NH* - aCaCl* + OUK) 4 

In perfectly normal chloride of lime, Ca»H*0*Cl*, the two processes give ths sams 
iwult; but if part of the chlorine is in the form of chlorate, the second method vriU 
give an excess of chlorine. To determine the amount of chlorate present, a third 
portion is heated with ammonia, then strongly acidulated with sulphuric acid,mataUie 
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sine is introduced, and the mixture is left for some hours, to convert the chlorate into 
chloride by the action of the nascent hydrogen. If after this treatment the amount of 
dilorine determined by precipitation with silver nitrate is greater than that given by 
the second method, the difference is to be estimated as chlorate. 

Magnesium Hypochlorite . — According to Bolloy a. Jokisch {Bull. Soc. Chim. 
[2] vii. 624), a solution of cliloride of magnesia, obtiiinod by precipitating a solution of 
chloride of Hmo with mjignesiura sulphate, or by passing chlorine into water in which 
magnesia is suspended, excirts a quicker and at tlio same time a milder bleaching 
actum than the solution of chloride of lime. Bollcy attributes tliis difference, partly 
U} the more ready docompf)sibility of magnesium hypochlorite, partly to the fact that 
magnesia docs not possess caustic properties. 

Silver Hypochlorite. ClOAg. — When chlorine in excess is passed into water in 
which oxide or carbonate of silver is suspended, the silver is converted into chhiridc, 
and an aqueous solution of hypochlorous aciil is formed without a trace of chlorate or 
chlorite. But if the silver oxide is in excess, and the liquid is repeatedly shaken 
during and after the passage of the chlorine, silver chloride and hypochlorous acid are 
fomicd indeed in the first instance iis before, but the latter gradually reacts writh the 
excess of silver oxide, forming silver hypcK-hlorito, so that ultimately the liquid loses 
the smell of liypochlorons acid. The very soluble silver hypochlorite remains unde- 
composed, and the solution retains its transparency :is long as the agitation with 
excess of silver oxide is kept lip ; but when left at rest, the hypochlorite is quickly 
resolved into chloride and chlorate. These reactions may bo represented by the 
following equations : 

3Ag20 + 12Cl-f 3IPO - GAgCl 6TIC10 

6IIC10 -f 3Ag^O = eAgC’lO + 311-0 

fiAgClO = 4Ag(Jl + 2AgC'10>. 


Cbloroua Oxide, C1®0*, and Acid, HC10% — Schiel {Ann. Ch. Pharm. cix. 317) 
prepares chlorous oxide by means of a mixture of 3 pts. nitric acid of sp. gr. 1-3, 
2 pU. potassium cblorato, O’fi to 0-8 pt. caiic-sugar (instead of the tartaric acid 
recommctidod by Millon), and 3 to 4 pts. water: it is not ncces.sary to pulverise tlio 
chlorate or the sugar. The mixture is poured into a flask standing in a water-bath, 
in such qiuintity that the nock of the vessel above tlie bath may be half filled with tlio 
liquid when expanded by the heat. The mixture may l)C hctitod to 60° or even to 
100° without danger of explosion, provided that the gas evolved from two separate 
flasks is not directed into the same absorjit ion-vessel. 

Brandau {Ann. Ch. Pharm. cli. 340) prepares chlorous oxide by reduction of 
chloric acid with sulphobenzolic acid, a method first practised by Cariiis {Zeitsekr. 
J. Chem. [2] iv. 17). 10 pts. of pure iK^nieno are dissolved in 100 pts. of hydrogen 

sulphate diluted with 100 pts. water, ami when the mixture has cooled 12 pts, of 

E ulverisod potassium chlorate are addtKl. The mixture is heated to 30° in a flask 
aving a delivery tube fitted to its neck by grinding, and blown out hero and there 
into small bulbs ; and Uio gas, after passing through water contained in these bulbs, is 
conducted into a glass tube standing in a mixture of ice and /rnlt. The condensed 
liquid deposits crystals of a hytlrato of chlorous acid, and the supernatant liquid 
decanted immediately into a small cwIchI gbass cylinder, forms nearly anhydrous 
chlorous oxide. The gaseous chlorous oxide prcpartxl by the older methods is too 
much contaminated with free chlorine to admit of condensation by a mixture of ice 


and salt (i. 909). 

Liquid chlorous oxide thus obtained is very mobile, has a deep re<l-brown colour, 
and when recently oondonsod, a sp. gr. of 1*330 to 1*387 at 0°, referred to water at 4°. 
A drop of the recently conden.sed liquid evaporates on a watch gl .ass without residua 
even at temperatures below 0°. It boils a little alx)ve 0°, but the boiling pjint of 
the last portions rises to 8° ; the liquid also acquires a higher boiling point by keeping. 
A drop of this less volatile liquid leaves on evaporation a residue of chloric aciA 
Hence it appears probable that the condensed chlorous oxide contains a certain quantity 


of the compound Cl*0* or chloroso-chloric anhytlride | O. 


Liquid chlorous oxide 


explodes somewhat readily at a few degrees above 0°. The sp. gr. of gaseou.s chlorcus 
oxide prepared from the recently condensed liquid was found to be 4*022 at 13°, and 
4 070 at 9°, the formula CIW requiring 4*123 (Brandau). 


When the gas is passed into water at 0°, the chlorous oxide • separates in resinous 
drops or granules, which if agitate<l with the w.iter nfler the passage of the gas has 
ceased, are couvertoil into a yellow lamino-cry&taUine hydrate of somewliat variable 
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constitution : it iMy be heated to 10® without fusion^ but rolatilisos slowly witJiout 
residue even considerably below that temperature (Brandau). 

A(^rding to Schiel, water dissolves about 10 times its weight of chlorous oxide, 
forming a deep golden -yellow liquid, which may bo kept for some time without 
alteration, and possesses fourteen times the bleaching power of clilorino-wator. 
According to Brandau, 100 grms. of water dissolve : 


At 8'6® and 752 9 mm. pressure, 4’7655 grm. chlorous oxide. 
„ 14® „ 756-3 „ 6 0117 „ 

» 21® „ 764 „ 6-4447 

„ 23® „ 760 „ 6*6508 


Wlien the aqueous solution is heated to 60®, chloric and hydrochloric acids are 
alnmdantly formt^, the latter acting furtlier on the chlorous acid, with evolution of 
chlorine : hence it is not possible to obtain pure chloric oxide gas by heating the 
aqueous solution or by dccomvKising the solution of a chlorite. On mixing aipioous 
chlorous acid with j^tassium io<li«lo and hydrochloric acid, iodine is separated 
according to the equation ; 


CI*0* + 8111 = 21101 + 311^0 -f 4P, 

IMost metals are without action on gaseous clilorous oxide ; but 'mercury absorbs it 
at <)rciinary tern persitu res. IVTost of the non-niotallic eleitn*n(s decompose it willi 
detonation. It is decomposed very quickly by ilircct sunshine, more slowly by diffused 
daylight ; the presence of a trace of moistiii-o* facilitates tlie <lecoinposition (Sidiiel), 
Gaseous chlorous oxide is absorbed by dry (jfyreriiK After a certain time an 
explosion takes place, which, however, is not strong enough to break the vessel ; 
afterwards the absorption becomes rapid, but not tumultuous. With cihylic and 
amylk alcohols, chlorous oxide produces etbylic ncetato and amylic valerate; ihus : 

4CTPO + C1*0» « 2(C'^UW.CW) + 31PO + 2HC1. 

Uren dissolvos in aqueous chlorous acid, evolving carbon dioxide, ami probably 
nitnigen monoxide. If the proportion of chlorous acid present is sncli tJiat the 
liquid remains sensibly greenish after Manning, (ho solution evaporated at 100® 
leaves a cr}*6tallino comi>ound conbiining C1I'’N*010. The reaction is pn)bably as 
follows : 


4CH*N*0 + Cl-O’ =3 2CIPN’»OlO -f 200^ + N=0. 

M ith uric acid, chlorous acid forms cbloraluric acid (i. 885), b)g( ther with other 
pnxiucts (Schiel, Ann. Ch. Pharm. cxii. 73). 

Cblorates. For the quantitative estimation of chloric and of chlorous acid, 
Toussaint recommends a method founded on the ro4icti»>n of ihose acids with nitrous 
acid alr^dy doscribe<l (p. 438). The mpieous solution of the salt to bn examined is 
mixed with a slight excess of load nitrite acidulattxl with nit ric acid, and the chlorine is 
then precipitated as silver chloride. Or it may be mixed with a titrated solution of 
lea<l nitrite, and the completion of the reaction irnlicalod ly mldition of a quantity 
of silver nitrate more than sufficient for the complete' precipitation of the chlorine. 
The ^ Sf)lution of load nitrite is y)rcparcKl by treating the basic nitrite 
n#(NO’)^. 3PbO . 11*0 suspended in M'atcr with carbonic acid, till it disappears 
completely and a yellow solution of the nitrite is formed which is no longer 
rendered turbid by carlx^nic acid. For the volumetric estimation, this solution is 
titrabxi with a normal solution of potassium clibirate, and diluted so that 1,000 c,c. 
f>f it shall correspond to 61 4 grms. potassium chlorate (Ann, Ch. Pharm. cxxx\Vu 
114 ; Jakresb. 1866, p. 787). 

Stelbng (Zeitsekr. anal. Chem. vi. 32) cstiniatcs the chlorine in chlorates by heating 
the ^lution to boiling with ferrous sulphate and potash, and precipitating tho> 
chlorine from the filtered solution (after oxidation with nitric acid) with silver 
nitrate : 


Kao* + 6FeO - KCl -f. 3Fe*0*. 

The same method serves for estimating the total amount of chlorine in hypo- 
chlorites. 

Barium Chlorate,{C\O^YBsK, is easily prepwrod as follows; Potassium chlorate is 
heated on the water-bath with commercial aluminium sulphate and sulphuric acid in 
rather more than equivalent quantities, whereby crystnilised alum and chlorous acid 
are produced, the former separating on cooling : 

(SO*)*Al* + SO<H* + 2aO*K « (.SO*)Ul*K* -k 2aO*H. 

The perfectly cooled maas is mixed with several times its volume of alcohol, filtered 
and washed with alcohol of 60 p. c ; the alcoholic liquid is neutralised with bamtin 
hydrate ; the greater part of the al<y^hol removed by evaporation ; and the liquid 
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■A .^nmiiis barium sulphate and aluminium hydrate ; the solution, 
Altered. Ton. CA. Vrm. cli. S61). 

pure bsrmm chlorate (Bran , ^ ^ on adding cupric acid to a boiling 

various strengths has ^the salt, dissolved at the temperatures t 


Alcohol of sp. gr. 


0-9904 

t 1 w 


0-9793 


Potassium Chlorate 


13° 4-9 


25 1 7 '5 
35 10'2 
44 ll3-6 
60 


26 
38 
51 
16-21 63 


14° 3-2 


5'4 

7-9 

12-2 

17'5 


0*9673 

0*9390 

0-8! 

J67 

t 

w 1 

t 

w 

t 

w 

13° 

1-9 

11 4-5° 

I'l 

12° 

0-46 

20 

2-7 

i28 

2-2 

31 

1-28 

36 

65 

4-3 

‘40 

3-4 

43 

1-95 

7-9 

50 

4-3 

58 

3*10 

63 

10-5 

;67 

7-6 




0-8429 
t 


25° 0-09 
34 0 12 
66 '0-24 
I 64 l0-32 


xuuvnriium chlorate affords a very melting potassium 

bodies. When any substance cont.ii n b ■ P rose-rod or pcach-blossom colour, 
chlorate, tho /’V quite freo from traces of man;^noso. 

The commercial salt "-““'f' ^ , t*: and^a piece of charcoal prepared froni 

To test it, a “ i„ present colour will bo apparent 

resrSoT/j." Vro«:^ 

r t™. [2] Vi. 243). 

Bubidiuvi Chlorate (v. 131), onlt T^erfectlv pure, Stas (Jahresb. 1867, 

Silver Chlorate. into wiiU^r containing oxide or carbonate of 

p. 3r2)pas.sos (in which tho alkali always present m 

Bilver in suspension ; ,1 Inverted into luT)ochlorito) after awhile, repeating 

precipitateil silver oxide has bi^ _ijiuo no longer contains any perceptible quantity 
this operation tul the carefully^; suspends it in water; again tri^ts 

of alkali; washes *iU the greater part of the silver oxide has 

it during agitation with odour is quite destroyed 

taken part in the reaction , then P till tho hypochlorite of silver is 

The clU liquid iVvapomted oyer the 

converted into chlorate, and the powder, which does not alter either m 

wa-iH'o (Wv. .<»- Cl 

cii. 381). 

r/lani«m C^<.ra<c (v. 7o4b in crvstollino luminas by decom^iug 

..sr'rJJS 'iSi 

action of sine and sulphuric anT is hy the prolonged action 

Drovided with an upright condensing rhloride CH*CP (Genther, Ani^ Ck. 

tff tho sumo voducing iigcnt into motoyl ^^thyleno chloride and romh gw^ 
PW evil. 212). It IS nnd a liUlo ^ueous ammonia (Perkin C*cuk 

treating it in like ^‘^ 23 ° hi Sed tubes fwT hours with 11 ptejif 

Asms, xviii. 106). [ y, mcthvlcne iodide, CH‘l*, together with 

SS'S'SK ! S,a?Sf ,.™ I. ,~i™i 1. “> ■“ 

converted into methylene ; thus^ 


CHCl* + 3HI 
CHP -H HI 


SHCl + CHI* 
r- + CH’I* 


and 
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rrjoben, Zeif^hr. f. Chem, [2] ir. 713), Chloroform-TapoTir pnssCHi over ml -hot 
eonprr is partially converted into acetylene (Bertholot, Compt. rend. 1. 805). The 
SHme compound is formed by the action of potaMtium am/ilffnjn on liquid chloroform 
(Kletxinsky, Zeitechr, f, Ch^m. [2) ii. 127). IIcntxHl with alcohol and potaeh in 
scaled tubes to 100® for a week, it yields a certain quantity of ethylene gfjis (Ilerihelot, 
Compt. rend, xlvii. 360). Heated with an alcoholic solution i f eodvmn it 

Yields an other, CH(OC*H*)*, which may bo regarded as chloroform having its 
chlorine replaced by an equivalent quantity of oxothyl, or as ilio triethyllo other of a 

triutomic alcohol, homologous with glycerin : 

CHCl» + 3NaOC«H» = 3NaCl + CII(OC-IP)* 

(Williamson a. Kay, Chem. Soc. Qn. J. vii. 221). According to Savitsch {Bull. Stur. Chtm, 
nvril 1860), this ether is more easily prodiicwl by the action of sodium on a cixilotl 
mixture of chloroform with excess of alcohol. Acconling Oeuther {Jaftre.'ih. 1802, 
p. 388), chloroform heated with alcoholic [xitash gives off carlMin m^uioxide. According 
to C. Schacht (Jahresh. 1807, p. 639), pure chlon^forn\ is decomj^isoil by exjMSuro to 
liglit !ind air; but in the dark it remains unaltered in a vessel only half fdleil with it. 

t '))lon>form is slowly attacked by afAui/hiC .sulphites at 1{>0®-180®. On iqHuiing the 
si iltvl tube, carl)on dioxide oscajK^s, together with a gas which burns with a greim- 
edged flame (methyl cliloride?) The solution contains methyl-sulphuric acid and its 
ehlorinated derivatives, together with methyleiic-disulphuric and tnethenyl-trisulphuric 
aoids. The simplest reaction is that which gives rise to dichloromethylsulphuric 
acid ; 

CIICI* + K^SO* = CIICFSO’K + KCl. 

In the formation of the other products, either an inverse substitution takes plac4>, or 
the higher sulpho-acids at first priKhiciHl are further decomposed, with separation of 
8t>- (Streeker, Zeitschr. f. Chem. [2] iv. 214). Clilorofonn heated with an alkalitui 
cupric solution throws down cuprous oxide: 

CHCl* + 6KHO + 2CuO « Cu*0 + 3KC1 + CO»K» + 3n»0. 

The reaction is very delicate, one or two drops of chloroform shaken up with 
100 o.c. of water iiiimediatidy producing the red copper jireeipitito when wann»*d 
with the cupric solution. The same reaction is pnsluced by all corn]xmnd8 which 
yiebl chloroform when treated with alkalis, such as chloral, trichloracetic acid, the 
perchloric ethers, &c. (Baudrimont, J. Vharm. |4] ix. 410). 

CaXiOltOOBXrZWB. C*'IF*0‘.— A base obtained by O. Ucsso {Ann. Ch. 
Phurm. Supjd. iv. 40; Jahresh. 1865, p. 458) fnim the bark of an Australian tree 
not named. The concentmted very bitter aqueous ex I met of the bark, acidulated 
with sulphuric acid .and mixed with mercuric chloride, yields a precipitate consisting 
of the mercurochloride of chlorogeiiine, while another base called porphyrme. remains 
in solution. Chlorogonino separated from the mercury -com pound, anil procipitiiteil by 
ammonia from the solution of its sulphate, is a coffec-colourod amorphous powder, 
wisily soluble in acids when recently precipitatoil, snlublo alw> in ammonia, fusel-oil, 
and especially in '^hloroform, with which it yields a solution red-brown by transmitted, 
grwri by reflected light. It is very bitter, and when swalloweil produces uneasiness 
and tendency to vomit. It is the active and colouring principle of the bark, which 
contains 2^ p. c. of it. Its salts are amorphous. 

CRZiOBOXJmZirB« An alteroii felspar occurring in the old green porphyry 
of the Val Camonica. It is yellowish-green, of «p. gr. 2*92, and contains 47'3 p. c. 
SiO^ 22-2 A1*0*, 9*8 Fe*0*, 8*6 CaO, 0*7 MgO, 3*3 K*0, 4*6 Na*0, and 2 7 H*q 
(Tchermak, Jakrtab. 1864, p. 869). 

OSliOBOBBETlA or Leaf -green. The nature of the green colouring matter 
of leaves is still but imperfectly known. According to Fr4my {Compt. rend. 1. 405 ; 
./aArce6. 1860, p, 633), It is composed of a blue substance, phy 1 1 ocyan in, and a 
yellow substance, phyllox an thin, which may be separate by agitation with a 
mixture of ether and hydrochloric acid, the j'cllow substance dtsaolving in the ether, 
and the blue in the hydrochloric acid. Fhyllocyanin is decolorised by allulis, but 
regains its blue colour when trcateii with aciils : hence also chlorophyll itself is twned 
yellow by alkalis and green again by acids. The blue and yellow constitueofai of 
chlorophyll may also bo separated by boiling with barytakwatcr. On boiling the 
resulting precipitate with alcohol, unoorobined phylloxanthin is dissolved, and there 
remains a baryta-lake from which the phylloc^nin may be separated W solphttrie 
add and dissolved ont 1^ alcohol or ether. PhyUoxanikin is a oeutral substance 
*nsolnble in water, soluble in alcohol and ether, and crystallising thorefrom in yellow 
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laraitue or rod prisms resoniLling those of potassium dichromate. It possesses very 
great colouring pf>wer» and dissoh'es with blue ct^lour in strong sulphuric acid, whereas 
the yellow colour of flowers is coloured red by that acid. Pht/lf^anin is inwlubl© in 
water, dissolves with olive-green or bronze-red colour in alcohol and ether; its salts 
are brown and green ; those of the alkali-metals are soluble in water. The" solutions 
of phyllocyanin in sulphuric or hydrochloric acid are green, roddish-violot, or blue 
acc^^rding to the degree of concentration : the phyllocyanin is prmpitatetl from them’ 
by water (Fr^my, Ann. Ch. Phys. [4] vii. 78 ; Jahreab. 1865, p. 586). H. Ludwig also 
finds that chlorophyll may be separated into a blue and a yellow colouring matter (iv 
634). Stokes, on the other Imnd {Pmc. Hoy. Soc. xiii. 144), concludes, from the optical 
properties of the chlorophyll of lanfl-plants, that it is a mixture of four difibrent 
c<jlouring matters, two green and two yellow. The solutions of the green (but not of 
the yellow) colouring matters exhibit strong red fluorescence ; thrceof these substances 
are very easily decomposed by acids or sah.s, acid potassium oxalate for examine. 
Fremy’s phyllocyanin is, according to Stokes, merely a pro^luct of dccomposirif)ri 
of the green Ixxlies by acids ; it dissolves in many acids with greem or blue colour, and 
in neutral solutions exhibits very sharp absorption-bands. Phylloxanthin varies in its 
properties according to the manner of its pr<«.paration. When prepared by remm ing 
the green substiinccs by means of ahimininm hydnit.^' and a little water (ivl 634), it is 
a yellow substance; but when obtained with hydrochloric acid and ether, it is a mixture 
ot the same yellow bfxly with the products of decomposition of one of the grix-n 
Kubstjinces by acids. Green marine plants {Chlorof^permeoi) ditfer from land-plants 
only in the relative propirtions of the e<.loiiring matters above mentinno<l; olivt- 
colourwl Hca-phuits (iV/’c/rt«os/)C7-/mYc>), (HI the other hand, contain (instead of one of 
the green and one of t lie yellow bodies abovo-iucntioned) another green and anollu r 
yellow b*Kly, Rod sea-plants i^Hhodo.-^pernietr'^ contain a red colouring matter in addi- 
tion to tlio chlorophjll. Stokes further states that chloroph}*!! is easily distinguished 
from the green colouring matter of hilo (bilivordin) by the fact that it exhibits very 
strung rod fluoroacotico and very characteristic absorption-bands which arc not exhibited 
by bilivordin. 

Acco^ing to Filhol (Compt rend. Ixi. 371 ; Jahresh. 1805, p. 68G), chlorophyll dis- 
solved in alcohol and cautiously treated is resoivtsl inh) four sub.stancoH : a brown 
azotisod body insoluble in alcohol ; a yc!l(jw iion-azotisod b(xly soluble in alcohol ; a 
blue substance formed only under tlio infliioTU!o of an excess ofliydroehloric acid ; and 
a yellow body separated i'nmi the blue substance by ether. In a Inter investigation 
(Cowpt. rend. Ivi 1218 ■ ZeiMir. f. VIh w. |21 iv. .WJ) I’ilhol arrive.s at tliu ibllowinB 
conclusions : 1. All motlnxis of pr('paring clilorophyll by means of acids yield nothing 
but products of dec()mpo8iti<m. — 2. Organic acid.s, which act Ic.ss strongly than mineral 
acids, destroy the green colour of chlorophyll sohitions, and split up the chlorophyll 
jnto two substances, one of which separates in black flocks, while the other remains 
dissolvwl with fine yellow colour.^.3. This yellow substance is further resolved by 
stmng hydixichloric acid into a soli<l yellow Ixxly which separates, and ablue substnru'o 
which remains dissolved. The latter turns yellow when the hydrochloric acid is 
ncutrtvlised,— 4. The yellow Ixxly Kcparat<Ml by liydrochloric acid, if boiled for a few 
minutes in an open vessel with a small quantity of potash, soda, or baryta acquires 
the property of turning blue in contact with acids. The green parts of plants always 
contain these two yellow substances in ad<htion to chlorophyll ; and the young shoots 
of various specK's of spindle-tree {Pmwymu.^) contain only these two yellow Inxlies, 
withmit the smallest trace of chlorophyll. - 6 . The brown substance separated from an 
alcoholic solution of chlorophyll on additirn of oxalic acid, is rich in nitr»»gen, and is 
idoutieat with (ho substance describiKl anil analyscii by Morot (i. 922).— -7 The solu 
tions ot this brown substance have a high degrae of dichroism, which is not exhibited 
by those of the yellow substance.- 8. The solutions of the brown substance treaUnl 
witn caustic alkalis in conhict with the air, assume an orange-red colour, which again 
disappcarffinconseijuence of absorption of oxygen, and gives place to a pure ^recn 
colour. 9. Certain metallic oxides. cs|Hvially zinc-oxide dissolved in potash, accelerate 
the oxidation of the brown .substance. The splomlid green colour thus produced may 
bo precipitated on textile tabrics, but it is of no u.sc as a dye, Ix^ing quickly destroyed 

light and am 10. Leaves ot plants which are coloured red, brown, or violet over 
their whole surface, are green in spring and yellow in autumn in the part.8 below the 
m^fime. This is easily shown by means of a mixture of sulphurous acid and ether, 
which dissolve the colouring matter of the superficial cells, and bring to light the 
green or yellow (solour of those in the interior of the ti.ssue. ^ 

JTaundlor {Ann. Ch, Pharm, cxv. 37 ; Jahre.^ib. 1860, p. 631) adopts the opinion 
formerly expressed by Hlasiwetz {Jahngb. 1859, p. 627) that the colours of plants 
dapmd on the presence of qucrcitriii, eraculin, and ether analogous principles which 
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f roduce variouB shades of colour under the influonco of alkalis, air, and siilta of in>n. 

n support of the assertion of Verdoil {ifnd. 1851, p. 574) that the formation of lo>\f- 
green is essentially connected with the presence of iron, I’fauudlor adduces a scries of 
experiments by Salm-IIorstmar (f/efter die JS\thruv^ drr VjUmzen^ Braunscliwcig, 1856) 
showing that in plants grown in artificial soils not contiiining iron, the colour of tho 
green parts was very pale, or even quite destroycxl, wheri'as when iron was present the 
nijrmal green colour was developed. Chloropliyll prepared l>y heating the juice of 
gnisses to the boiling point, exliausting the coaguliiin with alcohol, distilling off tho 
alcNihol, dissolving tlie residual dark green jelly in hyiirtichloric aoi<l, precipitating tho 
filtertt*! solution with hot water, and washing tlio green Hocks thereby sepamted, forms 
wlicn dry a dark blue ]>ovvder, producing with alcohol and ether dark-colourotl solu- 
tions, nearly blood-red by refiectod light, yellow -green by transmitted light; with 
carbon bisulphide a brown -yellow, wiih hydrochloric acitl a grass-green solution ; 
soluble also in dilute pot^ish, but hej)arated by slioiig polasli-ley in resinous luinj)s ; 
not resolvable like quoreetin, or roilueible like indigo, it was lVe<* trom nitrogen, gave 
0-9 p. c. Jish, in which iron could bo (iislinefly <letcctctl, ami ga^ e by analysis 6t> p. c. 
carbon and 6*4 liydrogt'U, calculated for the substaueo IVco from ash, 1‘fuimdlor 
further remarks that there may bo several kinds of ehhoDphyll, and that the assunip- 
ti<.m of a single chhu'ophyll tl<»es nut rest ou very good groumls. 

According to I’liipson {Co/njd. mid. xlvii. i)12), green leaves imnuTsed in strong 
sulphuric acid assume a yellow autumnal colour; after prolonged contact., the yellow 
changes to emorald-green, and afterwards ulmic snhslanees are formed. Yellow 
autumnal leaves immersed fora few seconds in sulphuric acid buconio citieraltl-green 
and afterwards brown. 

According to Sachs {Jahre.'ih. 1859, p. 561), vegetable plasma contains a c<»lourless 
suhsUuico, Uueophi/U pK)Hsessing the constitution of leaf-grctm, and awaitingonly a final 
eliemical impulse to convert it into green chlopojdiylh This impulse is given, not so 
much by light as by oxygen, in tho active st.dt*, or rendered active ];y tlu) inlluenco of 
light. The still colourless exills of plants, in tlu; stale in wliich tliey would rapidly 
turn green on exposure to light, aro instant ly colourcni green if inimerstsl in suijdiuric 
acid, whereas cells not in a state to be turned green by light are not thus altered by 
sulphuric acid. 

According to Jmlin {Omipt. rend. lix. 867), solutions of chlorophyll, oven in presouce 
(T alkali, retain their colour in the dark, whereas in sunlight tlu;y aro decoloriso<l in a 
fe‘w days, absorbing at the same time a quantity of oxygon i«]uul to 0 72 of tho weight 
of t lie colouring matter, and giving off e^irl)onic uciil. According to If. Void {J. pr, 
xcv. 219), tho chloroform of horse-chestnut leaves is not doconqM^bed by putro- 
faction of tho leaves going on for several years. 

CHItOROFXCKXXar. ('(NO*)< '1*. TrichlonmUromcthaiie. Nitrochloroform, — I'ormed 
by distilling chloral or metachloral with strong nitric aciil, or with a mixture of nitric 
and sulphuric acids ; also by distilling a mixture of metliyl alcohol and sulphuric atdd 
over a mixture of potassiun' nitrate and soilium chloride. These two mcKles of formiv- 
tion show that chloropicrin belongs to tlm methyl group (Kekule, Ann, Ch. l*harm, 
cvi. 144). According to 8. iTiestley {Vhem. AV-vw, ix. 3), chloropicrin may be prepart;d 
by mlding nitric acid by small {sirtions to a cooled pasty mixture of methyl alcohol 
and chloride of lime, and subjecting the whohj to ilistillation. Tho mixture of chloro- 
picrin, chloroform, and methyl alcohol which cf>ndenses in the receiver may be soparitUsl 
by fractional distillation, tho chloropicrin, which is tho least volatile, remaining 
behind. 

Tor preparing chloropicrin in largo quantity, Hofmann {Ann, Ch. Pharjn. cxxxix. 
107) mixes 45 kilo, of recently prepared chloride of lime, stirred up to a thick paste 
with cold water, in a captious earthenware still surrounded by cold water, with ^ 
8aturate<l solution of 45 kilo, of picric acid heated to A violent reaction takes 

place after a few minutes, and the greater part of the chloropicrin produced is driven 
over into the receiver, which should connected by a conducting tube with tho 
chimney to prevent the escape of the pungent vapours of chloropicrin. As soon as tho 
first action is over, the water-bath is oeat^ to boiling, to distil over the remainder of 
the chloropicrin. The chloropicrin thus obtained amounts to 1 14 p. c. of Uie picric acid 
used. 

Chloropicrin boils at 112® (Hofmann). 

Headions. — 1. Chloropicrin treated with iron-JUintjB and aeftio acid, or with femniM 
sulphate and excess of potash, is converted into metnylamine : 

CNO»Cl» + 12H « CH*N ^ 3HC1 + 2H*0 
(Geisse, Ann. Ch. Pkarm. cix. 282 ; JahrtA. 1859, p. 437). 8«« also the mmt paper 
for the iM*tioD of alkaliDe snilphitee on chloropicrin. 
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2. Heated to 100® for 24 hoars with faming hydrwdw acid, chloropicrin is decom- 
pose in the manner represented by the equation : 

C(NO^)Cl* + 6HI = NH* + CO* + 3HC1 4- 31* 

(H J. Mills, Chem. Soc. J. [2] ii. 153) ^ i * , u i. • 

3. By heating with sodium ethijlate and absolute alcohol), it is converted 

into ethylic orthocarbonato (Bassett, Chem. Soc. J. [2] iv. 238) : 

C(NO«)Cl> + 4C2IPONa = 3NaCl + NO^Na + C(C^n^)^0*. 

4. Chloropicrin heated with 9 mol. of fused potassium acetate and alcohol to 100’, 
is easily decomposed, yielding ethyl acoUite, together with chloride, nitrite, carbonate, 
ttud acid acetate of potassium (Bassett, Chim, Soc. J. [2J ii. 31): 

C(NOnCl» + OC^H^O^K + 3C^H*0 = 3(C2H*0* . C^H») + 3KC1 + NO*K 
+ CO»K* + 3(CTl>O-‘K.C2H^O'0. 

6. Chloropicrin heated with cyanide^ alcohol, and water, is converted 

into dicyano-nitro-chloromothane, C(NO-)Cl(CNy‘'. This compound is soluble in 
water, aleohnl, ether, and chloroform, very easily dccomposible, and has not been 
obtained in the separate state, but only in combination with water, and with metallic 
oxides and salts. Lead acotiite added to its aqueous solution forms a precipibilo 
containing C(NO^)Ol(CN)- . 3PbO ; with silver nitrate a precipiUito is formed consisting 
of 3C(NO0Cl(CN)L4NO=‘Ag.8lI“O (Bassett, Chem. Soc. J. [2] iv. 352). Tor the 
debiils of the preparation, which requires piirticular precautions, we must refer to the 
original paper. 

G. (’hloropicrin heated with ammo7iia in alcoholic solution is converted into 
guanidiao-hydrocldoride (llofmann, Chem. Soc. J. [2] iv. 249 ; Zeitsekr. f. Chem. [2] 
iv. 721): 

C(NO*)CT» + 3NH> » CH‘N>,nCl +. 2HC1 + NO*H. 

CBXiOaoSirZtPBOPOKlIK. C*Cl»S>.— W. N. Hartley {Chem. Soc. J. [2] v. 23) 
obbunod this compound by treating a mixture of monochlorido, dichloride, and 
trichloride of carbon with an alcoholic solution of pobissium sulphydrate. On 
procipibitiug the product w'itli water, an<l distilling the M’ashtxi product, the clilorfj- 
sulphoform remained in the residue, together with sulphur, and was purilied by repeated 
crystallisation from alcohol. It crystallises in needles, luis an unpleasant (xlour, 
molts at about 250’, but begins to sublime at a lower Uimporaturo. It is insoluble in 
water, slightly soluble in alcohol and ether, more fi*eely in carbon bisulphide, 
chloroform, the liquid chlorides of carbon, and oil of turpentine. When heated for 
several hours in scaled tubes with nitric acid, it yields sulphuric acid and a 
sulphuretted com{>ound crysUillising in white scales. It is produced in the above 
reaction entirely from the carbon monochlorido, by direct Jiddition of sulphur at the 
moment that the latter is sot free (Hartley). As the so-c;iUed carbon monochlorido, 
C'^CP, has boon shown to bo idouticjvl with hexchlorobenzono, C“Cl® (p. 267), the 
formation of chlorosulphoform probably takes place in the manner shown by the 
equation C“C1« + 9S = 3C»CBB». 

CBOXiBSTBItZB. C**U**0. — This substance occurq, together with protagon 
(iv, 737), us an essential constituent of the nervous tissue, of the yolk of egg, of the 
seminal fluid, and of the red and colourless corpuscles of the blood (Hoppe-Seylt r, 
Med.-vhem. C7>»/crs. i. 140 ; Jahresh. 1866, p. 744). It has been fout>d by Tolmatschcff 
(Mcd.-chem. Uuters. i. 272) in human milk, to the amount of 0'0318 p. c. ; by Marcet 
{Ann. Ch. l*hys, [3] lix. 91) in the spleen, and abundantly in the excrements of the 
crocodile; by Hoppo-Seyler {Jahresb. 1863, p. 654) in gui\uo ; and by Piccolo a. 
laeben {Zeitschr. f. Chetn. iv. 646) in the corpus luteum of the cow. It is also found 
in vegetable substances, viz. in peas, and in certain fixed oils (Benneke, Ann. Ck. 
Pharm. cxxxii. 249 ; Liudenmeyer, J. pr. Chem. xc. 321) ; in the fat of wheat-gluten 
and of rye (Ritthausen, Jahresb. 1863, p. 544; 2^Uschr. f. Chem. [2] iv. 314); in 
that of barley (Leutuer, i5id. 664) ; in maize-seeds ; in the young shoots (eyes) of 
roses, and in wine-yeast (Hoppe-Soyler, Jahresb. 1866, pp. 698, 744). 

To prepare cholesterin from peas, the bruised seeds (5 lb.) are digested with an equal 
weight of alcohol of 94 p. c. at 36®-40'’, and the extract, atter standing for 24 hours, 
is filtered and evapora^. The brown-yellow glutinous residue (which exJ^bits 
with sugar- water the forms of myelin (iii. 1068) is dissolved in about 400 c.c. of 
water, and the solution is boiled with litharge (1 lb.) till the supernatant liquid 
becomes clear. The separated lead precipitate is then exhausted, first with cold and 
then with boiling alcohol, and the alcoholic solution is freed from lead bj hydrogra 
sulphide. The Pirate, left to cool yields crystals of cholestoriii, a farther q[iuuiU^ of 
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which i» dejwsited as the alcohol evamratcs. The portion still remaining in solution 
may be obtained by evaporating off the whole of the alcohol and boiling the atiueous 
solution of the residue with baryta-water ; boiling the flocculent barium-conipound 
which separates, with alcohol ; and leaving the filtrate, freo<l from barium by sulphuric 
acid, to crystallise : 6 Ib^of ^'e^ thus trotitcd yield 1*5 grm. of cholcsterin, identical 
in every respc^ct with that obbiined from animal subsUvnces (Boniieko). Liudenmeyer 
(J. pr, Ch€?n. xc. 321) exhausts the bruised peas repwitcdly with alcohol conUtining 
t«lhor; agitates the ax^ueous solution of the extnvct seveini times with ether; boils 
the residue loft on evaporating the ether with alcoholic potiish lor an hour, ultimately 
eva{^>orating to dryness ; and repeatedly agitates the aqueous solution of the residue 
with ether. Ou evaporating Uio ether, the chloresteriii remains, and may bo frewl 
from a yellow colouring matter by washing with cold alcohol. landonmeyer found 
that the dry substance of unripe j>oas, amounting to 30 6 to 38 p. c., contains from 
0-024 to 0 026 p. c. cholesteriii, whcroiis the dry subsUnce of ripe peas, amounting to 
84 to 89 p. c., contains from 0-051 to 0 059 p. c. cholestorin— consequently that the 
amount of cholcsterin in peas increases considerably as they ripen. 

The following process is given by lloppo-Seylcr for the simulUineous detection and 
estimation of cholesterin, protagon, and saponifiable fats in animal iind vegetable 
substances: The subsUnce is repeatedly oxluiustod witli its own volume or with 
several volumes of ether ; the clear decanttnl or filtered extracts, quite separated from 
the aqueous solution, are distilled over the water-bath ; and the dried residue is 
w-eighod. Part or the whole of this residue is then boiled for sov<ral hours with an 
excess of clear concentrated alcoholic poUsh, the alcohol finally evaporated, the 
residue dissolvo^l in water, and the solution repoatoilly agitaletl with ether. This 
ethereal extract usually contains the cholcsterin almost pure. In the contrary case, the 
residue, while still warm, must be shaken up with dilute potash, and after cooling 
again treated with ether, which then docs not Uiko u}> any of the sofVj>s piSHluctHi by 
the action of the alkali, unless the quantity of watiir or alkali present is doficioiit. 
The soap-solution freed from the cholestorin is strongly supersaturated witli liydro- 
chloric acid and ropcivttKlly ligiUUxl with ether ; the united el.hei-oul extracts uro 
distilled off; and the dried residue is weighed. The aci<l aqueous solution (freed from 
the fatty acids by other) is evaporated to dryness in a platinum dish ; the residue is 
fused with soda and nitre ; and the iiquoons solution of the fused mass, after acidulation 
with nitric acid, is precipitated by a solution of ammonium molybdate in nitric acid. 
In this precipitate, collected after standing for 24 liours, the pho8|diorus is estimated 
by solution in ammonia and i>recipit{ition with ammoniucal magnesia-solution, and 
frtjm this the amount of protagon, C“'‘U***N TO”, is ciileulated. The quantity (»f 
the saponifiable fats is found by deducting the weiglits of the protagon and 
cholesterin from the total weight of the original ethereal extract. lios|H)rting the 
quantities of cholesterin thus found in the scrum and corpuscles of blood, see 
p. 351. 

Oiolestcrin rotates a ray of polarised light to the loft, its specific rotatory pf»wer 
being —27’b^ for red, and —-34 for yellow light (Uoppe-Seylor, Jahreau. 1862, 
p. 567). Lindenmoycr {ibid. 1863, p. 642) has made the following detenu i nations of 
the hevogyrato pow'er of cholesterin for the different fixed lines in the spectrum ; 

B C D B b F O 

20-63® 25'51® 31-59® 39 91® 4192'’ 48 65® 62'37®. 

The rotatory ptjwer of cholesterin affords the moans of quickly estimating its 
prt)portion in oil of almonds and cod-liver oil, and of distinguishing these oils fn>m 
others which do not possess the lEevorotatory power (e.y. isq)py, sesame, olive,* rape, 
5w.). For the estimation of cholesterin in pcios, however, the chemical method above 
given must be resorted to, inasmuch as the peas likewise contain a dextrogyrate 
substance not yet isolated; 1 pt. of cholesterin dissolves in 0 65 pts. of chloroform 
at 20® (liindenmeyer). 

When a small quantity of cholesterin is evaporated at a gentle heat with a drop of 
nUrie acid, a yellow spot is left, which turns red when touched with a drop of 
ammonia ; and the red colour thus produced is not essentially altered by subsequent 
addition of a fixed alkali— r-a character which distinguishes this reaction from the 
similar one produced with uric acid. When cholesterin is treated with a mixture ot 
2 or 8 toL strong hydrochloric or nUphuric acid and 1 vol. of m<idemtely diihite 
sol^on of ferric chloride, and the whole is evaporated to dryness, a reddiih-violet 
residue is obtained, changing to blue- violet at a somewhat higher, and to dull grey at 
a still higher temperature. This reaction, which is likewise prefaced with auric or 


* Acooefiina to Beniidto, olive cseatoint cbolastcrhu 
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platinic chloride, or with potassium dichromate and hydrochloric acid, is not exhibited 
l>y the colouring matter or any other constituent of the bile (H. Schiff, Ann. Ch. 
Vharm. cxv. 313). 

Cholesterin Di/jromide, C®“^*^OBr^ is formed by the action of bromine on cholesterin, 
both dissolved in carbon bisulphide, and separates on leaving the solution to 
evaporate. AfU^r rccrystsillisation from hot ethcr-alcohol, it forms white needle- 
shaped crystals, insoluble in water, slightly soluble in alcohol, easily in ether. It 
uielts and chars when heated, and is reconverted into cholesterin by stxlium-amalgam. 
'^i’ho sariie conjpouini appears to bo formed by the action of bromine on cholesterin in 
ethereal solution (Wisliconus a. Moldenhauer, Ann. Ck. Vharm. cxlvi. 175). 

UHonK.sTEuic Ethers. — Sodium cfiolesterate, C-^H^^NaO, is formed, with evolution 
of liydrogcn, when sodium is added to a saturated solution of cholesterin in petroleum 
(previously purified with sodium). The solid compound which separates melts at 150°, 
(ItKiompoHCB at 180°, and crystallises from petroleum, or from a strongly cooled 
solution in anhydrous chloroform, in silky iiecilles which are slowly decomposed by 
wat(!r, rtn>ro quickly by alcohol. When heated for some days with 1 mol. ethyl iodide 
to 100°, it yields, togetlier with sodium iodide, a body crystallising from ether in 
tables melting at 141°, and apparently consisting, not of ethyl cholesterate or 
eholcst»'ryl ethylate, butof cholestery I oxi<lo. By treating sodium cholesterate with 
cholesti ryl chloride {iufra)ixt 100°, another Ixxly is proihiced, insoluble in alculiol, 
and crystaltising from etlier like chole.sterin, but melting at 71°. Cholejtferic 
actiatc, prcxluccd by the action of acetyl chloride on sodium 

cliolestorate, <TyHlallisc‘S from ether (alter the excess of cholesterin has been removed 
by boiling alculiol) in mo.ss-Iike crystal.s, wdiich are decomposed by boiling alcoholic 
jiotash, yieliling {Kitassium acetate. 

Cholisteryl Chloride, is produced by the action of phosphorus pentachlorido 

on cholesterin, and puriliod by pres.siiro, boiling witli water, and crystiillisation frt>m 
ether and alcohol. It dis.solves readily in ether, sparingly in alcolnd, melts at 100°, 
and oxldhits just before solidification a bright violet colour by reflected, yellowish- 
green by transmitted liglit. It is not decompc>sed by aqueous potash, but with 
boiling alcoliulic potash it yields pota.ssium chloride and cholesterin (Planer, Ann, 
Ch. Vharm. cxviii, 25 ; Liudcumeycr, loc. cit.). 

CKOliXim or XrEtrRXHiTB. C^P^NO* =* .on (Strcckor, Co?nj)t. 

rend. lii. 270; Ani}. Ck. Vharm. cxxxiii. 353; Zeitechr. f. Ckem. [2] iv. 218, 438. 
liiebreich, Ann. Ck. Vharm. oxxxiv. 29. Baeyor, ibid. cxl. 306. Dybkowsky, J. pr. 
Chem.c,. 163 ; jahresb. 1867. p. 493. Wurtz, Ann. Ch. Vharm. SuppLvx. 116 ; Comjd. 
rend. ixv. 1015; Ixviii. 1434; Zeitackr. f. Chcm.\2\ iv, 169; v. 481). — Strccker in 
1861 obhiinod from pig.s’ bile, and afterwards from ox-bile, a baso w'hich ho caUo<i 
choline. Liebreich in 1865, by decomposing protagon, the chief constituent of nenmus 
tissue (iv. 737), with alkalis, obtained a similar base, which lie termwl ncurino; and 
those two products were afUsrwards shown by Baeycr, Dybkowsky, and Strcckor 
to be identical. The rational formula of this base was discovered by Baeyer, and 
confirmed by Wurtz, who has produced it synthetically. 

Vnn/iratum : 1 . From Bile. — The alcoholic solution of inspissjited bile is precipitated 
by etlur ; the portion remaining dissolved is boiled (after the ether and alcohol 
have boon driven off) for twt:lve to twenty-four hours with baryta-wivter ; the excess 
of baryta is removed by avrbonic acid; the strongly concentrated filtrate is mixed 
with nhsolute alcohol ; and the alcoholic solution sepan\te<l frt>m the resulting pre- 
cipitate is iioutralisod with hydrt>chloric acid. Taurine then separates out, and tho 
liquid filtered therefrom gives with platinic chloride a yellow amorphous precipitate 
of choline platinochlorido, which ciysUillises fnuu water (together with more 
sparingly soluble t)ctohedral crystals) in orsinge-reJ six-sided tables containing 
(O'U'^NOCiy^ . RCP (Dybkowsky). 

2, From Brain. — Fre.sh ox-brain is rubbed through a fine siovo ; tho pulp is 
exhausted with ether ; the residue of tho ethereal solution is boiled with baiyta-water ; 
and the Dreparation is completed as above. The crystals of tho nourine platino- 
chloride thus obtainetl have the same form and composition as those of the choline 
salt (Dybkowsky). According to Claus a. Kce.s^ {ZeHechr. f. Chtm. [2] iv, 46), choline 
appears to be likewise identical [or isomeric?) with sincaline (v. 311). 

8. By SynihesU . — By heating trimethylamino (6 grms.l with glycolic chlorhydrin, 
(10 grms.) for 24 hours to 100° in a sealed tul^, whicn then becomes filled with 
deliquescent prismatic crystals of trimethyl-oxethylanxmoniurn chloride, identical ia 
erimposition with neurine chloride : 

+ C«U'(OH)a = 
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^U- «.u dissolTCS abundantly in boiling alcohol, and scpniates partmlly on cooling 
This concentrated solution. The solution gives with nunc chloride a yellow 

'^'"“laUine^rccipitiM of the ««cocA'or,Vs ^01P)»(t"H<011)NUl . AuCl* which ^hdiiU 
he imcroLo™ the s inie foi-ni ^rbon,l.ic lainin.cl as the go d salt prepii^ w. h 
" cine fr!r brail The hydrate \t.'H>'A(.=U*0U)N01I, obtained by tnsiting the 
chloriiU- with moist silver oxide, is a syrupy liquid which decomposes when heated, 

y'wnT^thesrTCruUrtt 'Ipiw^ that choline or nonrmo has the constitution of 
trim, thvl-oxcthyl-amnionium hydrate. The same coticltisioti had pn'Viously been 
trinuth) toiirul ihsil u o.mfeiitnitotl st.hitioii orncunno hyflrt>ehlcrKlo, 

Wtea with strong hyilrio<lic. luid aiul u littio aiuorphuua phosphorus, yields an 
• (-Mpaxp ,>r C'41‘^JN. II J, piTlWlly analogous in its roaotions to iho Immtnlo 

which Hofmann obtained by treating trimcthyl.iniina with 
I niide and producible from the same brum ido bv treatment with silver oxide and 
,1 with hvdriodic acid. A solution of the bromide in hoi hytlrirxlic amd yields 
rv>olinL/ crS the bromiotlide (-ll-Nllrl ; the latter troaU.l with silver 
pule Yields the corresponding broinochleride ; and this comjvmml treatei wi 
;,la.Tm^iiioriae,Xldsthe^a.l^ 

‘ • Aniy"ldyl!l\l chlolhydrin heated will, excess of ammonia yields the cUoridt of 
hyJroxain^l-ammonium, isomeric with choline chloride: 


C*II‘"(01I)C1 + Nil* - ‘’’"‘"^jjIIn.CI; 


and ethyl-glycolic chlorliydrin heated with Iriethylamine yields 
hydroxtlhyl-triethylamnionium, homologous with eliuhiio chloride . 

„ e....wVSN.«VT CHI*OH 

+ 


the chluride of 


N.Cl 


CHI\On)Cl + (CHI‘)’N =: 

Wurti (Compi. rend. Ixviii. 1434 ; Zeitschr.f. Cl^m. [2] v. 481). 

CSOZ.OXSXC ACXX>. According to Iloppe-Soyler {J. pr. Chcvi. Ixxxix. 83), the 

uiideconiposcd glyciH’holic and taurocholic acids. oi*i ao 

c«.»»snr. 

if; “-s: 

f„™.Hy msde 

either with sulphuric acid or with Viarj'ta-water. 

osmAMme. Deville obtains this metal in the fimeil stato by igniting 

in the form of > fulvorulent sponge (Vincent, PhU. Mog. (SJ im». 

ss. ■ 

Sup. ^ ^ 
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is present, turns first blue, then green, and finally yellow ; but in the case of chromium, 
the sides of the capsule exhibit successively a blue, a violet, and a ^een colour, and 
finally a residue is loft of a fine carmino-red colour, which is quickly decomposed 
by water, but is ins<dublo in cc»ld alcohol and ether, and permanent ; when strongly 
heated, it gives ofi' white vapours and loaves a green residue ; with lime it gives off 
anunojlia. Tliis roucLion probably depends on the formation of a roseo-chromic salt 
analogous to tlic rosco-cobaltic salts (O. llusson, ZeUschr. f, Chem, [2] iv. 569). 

Tincture of ^juaiccinri is an extremely delicate test for chromic ^id. Of a solution 
contiiitiing only 0 ooool grm. of chromic anhydride in a cubic centimetre, ^ c.c. added 
to a few droi)s of guaiacuni tincture (1 pt. of the resin to about 100 ptS. of 60 p. c. 
alcohol) in a porcelain capsule, immediately produces a deep blue colour. This reticLion 
serves to demonstrate the solubility of lead chromate and barium chromate in 
distillotl water (Schiff, Ann. Ch, Pharm, exx, 208 ; Juhresb. 1861, p. 253). 

Chromic oxide is easily and quickly oxidised to chromic acid by a mixture of nitric 
acid and potassium chlorate. Kven chrome ii‘on ore and strongly ignited chromic 
oxhlc are oxidised in this manner more quickly than by the ordinary fusion process. 
The chromium is thou easily estimated iii the form oi barium chromate (A. H. Pearson, 
Z' itschr. f. Chon, [2j v. 661). 

For other mcthoils of analysing chmmc-ores see Geiith, Chem. Jt^ews^ vi. 30; O’Neill, 
«7>w/. V. 100. 

W. Gibbs {SVl. Am: J. [2] xxxix. 58) describes a methoil of separating chromic 
oxide from the oxides of iron, manganese, cobalt, nickel, and zinc, also from alumina 
and magnesia, founded on the conversion of chromic oxide into chromic acid by the 
action of chlorine, bromine, or dioxide of load in alkaline solution. When chlorine or 
bromine is used, the solution is ultimately noiitrulised with acetic acid; and when 
sulphuric acid is absent, the cliromic acid is precipitated by barium acetate. It is 
better however to pass chlorine into the hot neutral chromic solution mixed with sodium 
aci^tato, Jiud noiitralisc the liberatoil acid from time to time with sodium carbonate. 
Alumina and ferric oxide are then separated at the boiling heat, while the other 
oxiiles remain dissolved, together with the chromic acid, which may be separateni as 
lead or barium salt. 

.For the volumetric estimation of chromium in chromates, C. Rube {J.pr. Chein. 
xcv. 63) makes use of the conversion of potassium ferrocyanide into ferricyanido by 
the action of chromic acid : 

eV'oK'Cy* + 2CrO* = Cr’O* + 3K>0 + 3tVK*Cy'». 

The aqueous solution of tho chromate (0‘3 to 0 7 g™» ). acidulated with hydrocWoric 
acid and diluted to 160 c.c., is mixed with a solution of the ferrocyanide containing 
40 grins, in a litre, till tho whole of tho chromic acid is reduced and a slight excess of 
ferrocyanide is present, which may be known by the production of a greenish instead 
of a brown colour on treating a drop of tho liquid on a porcelain plate with strongly 
acid ferric chloride. F'rom tho number of burette-divisions of the solution us^, w 
many are to be deducte<i as are required to produce Uie reaction on ferric chloride in 
an equal <iuantity of liquid. 

In estimating chromic acid by the iodometric method, Zulkowsky (^Zei(9ckr. f. Chem. 
[2] iv. 601), instead of distilling the chromate with hydrochloric acid, and determining 
the quantity of chlorine ovolve<l by means of iotlino, makes use of tho reduction of 
chromic acid by hydriodic acid in aqueous solution, accortiing to the equation : 

2CrO* + cm = Cr*0* + 3^0 + I*. 

The cliromato to bo analysed is dissolved in water, mixed with potassium iodide, 
hydrocliloric acid, and starch-paste, and the iodine scparate<i by the reaction is titrated 
with a 55 normal solution of sodium hyposulphite. 

Atomic or EquiveUent Value . — Chromium is a hexad element, being sexvalent 
in tho fluoride, CrF^ (formerly regarded, according to the’ small atomic weight 
of chromium, 26, as a tri fluoride) ; in tho trioxido, CrO* ; in the chromates, 

cUromyl dichlorido, C?rO*Cl*, &c. In the chromic salts it is 

quadrivalent Uiese compounds, however, always containing two atoms of chromtu^ 
^nked together so as to form a sexvalent group, like the two atoms of carbon in 
ethane, C*fl* : thus chromic chloride = Cr*CP ; chromic oxide, Cr*0* ; chromic sulphate, 
Cr*(SO^)*, &C. In the chromous compounds it is biraient, CrCl*, CrO, 

Wanklyn (PW. Mag. [4] xzix. 313) regards chromium as quadrivalent in all its 
oompounds, and represents these compounds by formulie of wiueb the following nmj 
be Uikcn as examples: 
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CrCl* 

iLca* 

Ohromoqp 

chloride. 


Cra« 



ChxtMoio 

chlorirle. 


Chlorochromki 

Add. 



Keofcnd potaadom 
ohrouKto. 


Theec formxil* are baaed on the analogy of chromic chloride to ferric chloride, on its 
boiling point, and on the bchling point and rapour-donsity of chlorochromic acid. 


CHromio Siewert (Ann. Ch. Pharm. cxxri. 86; Jahreah. 1863, 

y. 2j 23) has made ohsorvationa on the rariations of colour in chromic salts, tending 
u. confirm tlie views of Kriigor and l>6wol (i. 950). that those cliangos of colour are 
duo to the formation of compounds containing different proportions of baso and acid 
H. Schiff (Ann. Ch. Pharm. exxiv. 165; Jahrtsb. 1862, p. 161) has made Uio 
f.llowing observations on basic and nolyacid salts of chnnnium. The dark 
;^roon saturated solution of chromic hydnite in dilute sulphuric acid, ovaporjiLod at 
. . ((V)»*) 

50®- 60°, leaves a simihvrly coloured soluble biisic salt consisting of ()« 2ll'0 

usoo* . . . 

or (Cr")^* j The solution of this salt in a small quantity of water is 

lu'utral, and may bo boiled without docomjxwition ; but on adding more water, a still 
inure basic salt is precipitjited ; and if this proeipiUto bo dissolved in a vrry small 
• lUiiutity of hydrochloric ivcid, the solution much dilntoil, and boiled for a few liours, 
dtH'HMted after c<x)ling from a few flocks which may have soparatod, and incompletely 
jirecipitatod by ammonia, light blue flocks are obtained, consisting of the salt 

A chromic hydroxi/chloHde, (Cr»)*'* | is obtained by digesting the solution 

of chromic chloride for several days with excijsa of chromic hydrate, evaporating the 
rcHuIting sedation, and drying at 100° (Schiff, ^»n. Ch. Pharm. exxiv. 171). This rom- 
ixmnd was also obtainwl in the hydraU-d state, Cr’(HO)Hd* . H'O [or air-'OJ, 

by Pcligot (i, 9541. With a smaller quantity of cliromic hy<Im(o the auntxmnd 
t 'r-(HO)*Cl^ is produced. 


/Wyncid The sulphate dissolves in nitric acid, forming a dark 

green liquid, which when evaporated at 80°-90° and dried at 100°, consists of chromic 
WSO ^ V ’ (^*’*)**1 

miphatotetraniirate, (SO*)‘'|0*. It dissolves completely in 

water, the solution being yellow-green in the cold, green at the boiling heat, and 
Iniving an acid reaction; With barium chloride it forms only a slight cloud at 
ordinary temperatures, but a more copious precipitate at the boiling heat. Chromic 

dimd-phatonUraU, is obtained by saturating the diacid sulphate with 

nitric acid. It is a green, tumefied, hygroscopic, saline mass, the solution of which has 
an acid reaction and astringent taste, and in other respei:^ resembles that of the 
preceding salts. 

Chromic diaceioiotrachloridot ^ .4H*0, is obtained by dissolving the 


basic chloride Cr*(HO)*Cl^ in strong acetic acid ; the diaceiodimtlphatOt | 

by dissolving the corresponding basic sulphate in acetic acid. 

By dissolving the disutphate in cold hydrochloric achl, and evaporating at about 
50°, a green amorphous mass is obtained, consisting of ohromic dimdphatodichioridet 

By dissolving the dibydroxytetrachtoide, C^*(HO)*Cl^ in nitric 

scid, the dmUrtdoUiraehloridCt Cr*|^4^ is obtained, as a hygroseopie mass 

consistiag o idbining lanunm. The tetrahydzoxydiefalorfde, dissolved 

((NO*)* 

m a aouJl quantity of nitric aeid, yields the dmUratodiekloride, Cr* j (HO)*, fm n 


light g re en , porous, h ygroseopie mess, which emmbles to powder when stir^ (Behitf). 
The duroi^ a ceU tes obtained by SehifT mo dsseiibed under Aenraras (p. 9). 

a o 2 
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Schateenbcrger has obtained a chromic acetonitrate. 


(Cr*)-* 

(C*H*0)« 


O* . 6H*0, by mixing 


chromic nitrate and acetate in the required proportions and eraporating under the 
air-pump. A similar salt, crystellising in green laminee or granules, is obtained on 
mixing 4 to 6 mol. of normal chromic acetate with 1 mol, of normal chromic nitrate, 
and evaporating at the boiling heat. 

[o*. H^O. It dissolves easily in hot glacial acetic acid, and the solution 
H 


When dried at 110° it has the composition 


on cooling yields beautiful green laminee, which after drying in a vacuum or at 100° 
have the composition (C'-^H'O)* V O*. 411*0. Heated to 200®, these crystals give off 

NO*J 

water and acetic acid ; at a higher temperature nitrous vapours are evolved, and 
the pulverulent mass assumes a yellow-brown colour. In this state it forms with 
water a dirty-brown solution, in which chromic acid may be detected. But at about 
350° a somewhat violent reaction takes place, attonde^l with evolution of gas, and 
there remains a light green, very finely divided, light powder, pyrophoric when 
heated. When very carefully prepared by heating the above-mentioned acetonitrate 

with the vapour of boiling mercury, it has the composition (C*H*0)* ^ O*. This 

NO*) 


powder immediately takes up water, with rise of temperature, and is converte<l into a 
homogeneous deep green paste, which might perhaps be used as a pigment. The 
greater the quantity of w^tcr added, the more does this paste swell up, and finally it 
is converted into a g^cen colh/idal solution, which when mixed with an alkali deposits 
the whole of the salt. At about 400° the anhydrous powder gives off more acetic acid, 
without losing the p^iwer of uniting with water. At the temperature of boiling 
sulphur, complete decomposition takes place, anhydrous chromic oxide being left, 
mixed with charcoal. 


Ammoniacal Chromic Salts. — Fr^my, by the action of ammonia and 
ammoniacal salts on motachromic hydrate, obtained salts of a base Cr*0*.8NH*, 
which ho called rosoochromammon ia (i. 961). Ammonio-chroraic compounds of 
different composition have been obtained by Clove (J. pr, Chent, Ixxxvi, 47 ; Jahresh. 
1862, p. 149). When the grey -green hydrate, precipitated by a slight excess of 
ammonia from a cold saturated solution of chromo-alum, is digested in a closed 
vessel with a saturated solution of ammonium chloride in ammonia, till it dissolves 
with deep roso-rod colour, and the resulting solution is exposed to the air, a reddish- 
violet amorphous powder is precipitated, which dissolves with dark red colour in 
dilute hydrochloric acid. This solution gradually deposits a bright red crystalline 
powder, whicF dissolves In hydrochloric acid, and sopiirates by slow evaporation in 
well-defined rhombic prisms, consisting of the ailt Cr*Cl*.8NII“.2H*0, designated 
b^ Clevo as tetramine-chromic chloride. The crystals have a deep red colour and 
vitreous lustre, give off only hygroscopic water at 100°. but decompose at 200° with 
evolution of ammonia. They dissolve in water, forming a neutral solution which 
gives off ammonia when boiled, and ia easily decompqsed by alkalis. This salt 
forms double salts with platinic chloride and mercuric cyanide. The platinum stilt 
Cr*Cl*.8NH*. 211*0. PtCF is a brown-red cr^’stallino powder soluble in hot water. 
The chloride treiUofi with sulphuric acid yields a sulphato-chloride of complex 
constitution. A nitrate is obtained by decomposing the chloride with an equivalent 
quantity of silver nitrate, in largo, apparently hexagonal tables, which dissolve 
readily in water, are reconverted into the ori^nal chloride by hydrochloric acid, and 
are decomposed by heat into ammonia, ammonium nitrate, and chromic oxide. 


CHroxniiun Triojclde or Ct&romio Ajabxdrtde, CiO*, may be prepared by 
heating barium chromate with a lai^ excess of nitric acid slightly diluted with 
water; decanting the boiling solution from the barium nitrate which separates, and 
from the further quantity which is deposited on cooling ; distilling off the nitric acid 
till cr^tals of chromic anhydride separate out on Uio sides of the retort; then 
decanting the non-cr^tgllised liquid, and evaporating it to dryness over the water- 
bath. By finally drying it over the open fire, witli constant stirriag, the anhydride is 
obtained in the form of a powder resembling ignited ferric oxide, almost black while 
hot, bnt becoming red amn on cooling (Siewei^ Jahresb. 1862, p. 146). 

According to Schafarik (IftsK. Akad. Ber. xlvii, [2] 266), chromic anhydride melts 
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at a tomperatuM a little below the boiling point of strong sulphuric acid, a small 
Qwntity subiinung at the same time. It deliquesces slowly on exposure to the air, 
diseolTes without alteration in ether, and sepjirates from the reddien-yellow solution 
in microscopic, crystals. Phosphorus reduces it to diromic chromate (Opuenheim. 
Jahrefb, 1864, p. HO). ^ * 


Cbromates. According to H. Schwarte {Dinglpol J. clxxxvi. 31), chronmtcs are 
but imperfecUv decomposed by sulphuric acid, a<iaod in the proportion to form a 
neutral or acid sulphj^. When 2 mol. sulphuric acid are addml to e hot solution of 
1 mol. potassium dichromate, the liquid on cooling deposits crystals of unalter^ 
dichromate, and afU'rwards of a luixturo of that salt with the totrachiomnto (comp. 
Holley, Ann. Ch. PfuiTM. Ivi, 113). The chromates of lead and barium are only one- 
fourth decomposed by equivalent quantities of sulphuric acid ; the lead-Siilt requires 
for decomposition 6 mol, sulphuric acid. ^ 


5a/^s,^iewert(J^amA. 1862, p. H 8) confirms the formula of the 
dichn^mate, (Sll*yO . 2CrO» or (Nli<y^Cr(>« . OO*-, given by Richmond a. Abel (i. 932) 
Respecting the ciyst4aiine form of this salt, sec Rammelsborg ( P/w. Ann. cxviii 168 - 
Jahrf^h. 1863, p. 226). The triebro mate, (NiI<)K). SCrO*, obtainwl by the action of 
strong nitric acid on the dichromate, forms shining doliqucscont ciy'stals of deep 
garnet-red colour, and generally isomorphous with potassium triclmmiate. It is 
resolved by water into chromic acid and the dichroniuto; becomes black-nvl at 100®- 
120®, and detonates sharply at a stronger heat, leaving a greyisli-black residue having 
tJio form of tea-leaves (Siewert). ^ 


Potassium Salts.—ThQ solubility of the dichromate, K^O. 2CrOMn water at 
various temperatures, has been determined by Alluivrd (Ann. C% Pharm. cxxxiii. 


r* 


Salt diiwolvcd by 

100 pt«. water 


Balt dissolved in 
100 pta. water 

0® 


. . 4‘6 

60® . 

. . 460 

10 


. . 7-4 

70 

. 667 

20 


. 124 

80 

. . . 68-6 

30 


. . 184 

00 

, 811 

40 


. 25“9 

100 

, 941 

60 


. . 350 



A saturated solution boils at 103 4®. Respecting the action of ammonium sulpho- 
cyanate on potassium dichromate, soo v, 607. 

The trichromate, K*0.3CrO* or K^CK)* . 2CrO*, is obtained pure and finely CTystal- 
bsod by leaving a solution of the dichromate in excess of aqueous chromic acid to 
evaporate over oil of vitriol (v. Hauer, JeAresA. 1 860, p. 161). The tetrachromate, 
K'''0.4CrO* or K*CK)*.3CrO*, is obtained in shining red, thin prismatic laminse, by 
leaving a solution of the trichromate in excess of nitric acid over a heated sand-bath, 
and rocrystallising the crusts which separate on cooling, frt>ra strong nitric acid 
(Siewert, ihid. 1862, p. 147). 

Potassium Ckromato-fiuorule, KF . CrO’ or | analogous in composition to 

pedassium chromato-chloride (i. 938) and chromium chromato-chloride (p. 466), 
18 obtained by heating pulverised potassium dichromate with excess of concen- 
trated hydrofluoric acid in a platinum dish. It crystallises on cooling in ruby- 
coloured translucent quadratic octohedrous, with terminal edges of 106® and lateral 
edges of 116® ; becomes dull and reddish-yellow on exposure to the air; cannot be 
kept in glass vessels ; melts easily, when heated, to a dark brown liquid; and decoiii- 
p^ at a red heat in glass vessels, giving off oxygen and silicium fluoride. It 
disisilres easily in water, especially at the boiling heat, and the solution yields ciystals 
of potassium dichromate, hydrofluoric acid remaining dissolved (Streng. Ann. Ch, 
Pharm. cxxix. 226) : ' ^ 

P^iasmum BuiphaUhchromaU, K•SO^CrO» or^(80^|o*, analegoof to BoU«y*s 

chmmo-snlphnric add (i. 968), is obtained by fnaing poUastmii ehromato-chlorida. 
Ka.CiO*, at as low a tom^ierattin as posiSble, or add 

sulphate; 

K*SO‘ + KCl.CrO* - Ka + K*80‘.CfO* 
and 

&HSO* -f Ka.CrCP « Ua -f &*dO«.CrO*. 
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It is also found in the mass obtained by heating -equivalent quantities of anid sulphate 
and dichromate of potassium, and is pi^uced in the action of strong sulphuric acid 
on a concentrated solution of potassium dichromato in excess. It has the same colour 
us the dichromato, and is decomposed by water into free sulphuric acid, nentr.il 
sulphate, and dichromate of poUissium, so that it cannot bo purified by recrysUilliaa- 
tion (Schiif, Jahrc&h. 1863, p. 226). 

Sodium Dichromate^ Na’^O .2CrO*.2:vq., crystallises in ruby-red or hyacinth-rcd 
prisms of 99*^ 42' and 80° 18' (Siowert, Jahresb, 1862, p. 147). 

Lithium Chromate, Li‘CrO< . 21PO, forms red-brown rhombic crystals, exhibiting 
the combination ooP. aoP2 . ool^3 . f*x> . Pco . coPco T col^ao , the last three faces and 
cops being very subordinate. Axes a : h : e = 0*6619 : 1 : 0*4663. Easily soluble 
in water. The dichromate, LPCrO* . CrO*. ‘2IPO, obtained by adding chromic or nitric 
acid to the solution of the neutral salt, and evaporating to a syrup, scp.arates in doli- 
quo.scont brown-black crystals, having some of their faces curved. Lithio-ammonic 
chromate, LifNII^)CrO*. 211^0, crytitiillisos from a solution of lithium dichromate 
saluratcd with ammonia, in slender red-brown deliquescent needles (Rammelsberg, 
Poijg. Ann, cxxviii. 311 ; Jahresb, 1866, p, 160). 

Thallium Chromates (v. 764). 

Cadmium Chromate (basic), proclpit;\to<l on mixing the boiling solutions of 
cadmium sulphate and neutral x>ota88ium chromato (which, juxording to Malaguti a. 
iSarzeau [i. 933], has the composition Cd*Cr*0'* + 8H'-^0), is, according to Frcps 
{Zeitsekr, /. Chem. [2] vi. 31), a dicadmic salt, C<PCrO^ + IPO or 2CdO . CrO* + H*0, 
part of the chromium being, however, replaced by sulphur, unless the potassium 
climmate is added in groat excess. The Sjvmo is the case with the basic chromates of 
c<>ppor anil zinc. 

C aid u m C hr am a i e, CaCrO* , 2IPO, prepared by digesting aqueous cluromic acid 
with oxi*c88 of marble, cryslallises by evaporation over sulphxirip acid in yellow, 
apparently quadratic prisms, with quadraUxtohtHlnil sumn^its. They assume a 
cinnabar-rcHl colour when IichUkI, but beeume yellow again on cwding ; give off their 
water of crysbvllisation wheh stnuigly ignited; require for solution 241*3 pts. water at 
14° ; but dissolve easily in a<pieous chromic acid. 

Cohalt Chro matr, obtained by j)reeipit,iting a boiling solution of the sulphate 
with neutral potassium ehromatc to which Malaguti a. Sarzeau assigned the formula 
t'o-*t.’rO** + 411^0 or 3(’oO.CrO“ + 411*0-- is, accor^iing to Frees (Zritschr. f. Ckem. 
[2j vi. 31), a dicobaltous siilt, Co^C’rO* + 21PO or 2Co6.CrO* -f 211*0. 

Copper Chromates. — A tricupric salt, SCuO.CrO’ or 2Cu0.CuCr0h is obhiino<l 
(mixed with barium sulphate) by prolonged digestion of barium chromate with cupric 
sulphato at 30°~3«^° ; from its solution in ammonia it is thrown down ])y nitric acitl 
as a brown precipitate (Viefluvus, J. pr, Chem. Ixxviii. 431). The same salt is obtaineil 
by precipitation of boiling cupric sulphate with noutnvl potassium chromate ; also by 
digesting cupric cjirbonate with a<iueou8 chromic acid, or cupric hydrtito with potassium 
dichromute, and subsequent boiling with water: it contjvins 2 mol. water, which it 
gives up at about 260°, an<l recover on exposure to moist air. This is the only 
definite basic chromate of copper ; the green basic salts described by some authors are 
merely mixtures containing caipric hydrate or basic sulphate. Potassio-cujyric chromate 
is formed, m>t only by digesting cupric hydrate with potassium dichromato (i. 933), 
but also hy the mutual action of cold solutions of cupric sulphate and potassium 
dieliTomate. It is deconqxwjod by boiling water, yielding potassium dichromato and 
tricupric chromate (Frees, l4>c. cit.). 

Mercury Chromates, — The only beunc mercuric chrornate which appears to exist 
is the irinierouric salt (Frees). 

Mercuric Chromatosulpkide, IlgS.2ngOrO\ is obtained by digesting precipitated 
mercuric sulphide for three or four hours with excess of a solution of recently preetpi- 
tatixl mercuric chromate in chromic acid. It must be washed for a short time only, 
and dried at a tempemture not above 30°. It is not attacked by the weaker acid's, 
but sulphuric, nitric, and hydrochloric acid separate the chromic acid and form white 
compounds. Alkalino solutions clmnge the ochre-ooloured salt to orange, and ulti- 
mately to black ; ammonia quickly converts it into a black powder. The compound 
detonates with great violence when rubbed, struck, or heat^ (Paln^ Jahresb. 1862, 
p, 222). 

Magnesium Salts.— A solution containing equivalent quantities of magnesium 
sulphate and potassium chromate deposits yellow crystals, having the form of the 
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double sulphates of the magnesium group with CH^O, and containing variable quiuiti- 
ties of chromic and sulphuric acids, always however rather loss tliau 1 mol. chixjuiic 
and rather more than 1 mol. sulphuric acid. A solution containing more tlian I mul, 
chromic acid and a proportionally smaller quantity of sulphuric acid yields, hy 
crystallisation, tlie double salt MgK*(CrO^)*. 211=0 (v. llauer, Juhresb. 1860, p. 161). 

Manganous CAroma/r (basic), Mn=CrO* + 211*0-, gives off half its water at 
about 180°, the rest above 300° (Frees). 

Jfiickel C Aro mu (basic), obtained like the cobalt salt, consists, according to 
Frees, of Ni’CrO" + 3H*0 or 3NiO .CrO> + 3H*0. 


Zinc Chromates. A bibasic zinc chromate, 2ZuO.CrO* + 211*0, is formcnl by 
adding 2 mol. neutral potassium chromate to 3 mol. zinc sulphate, as a very light 
pulverulent orange-coloured precipitate, slightly soluble in water. The sanio salt 
with mol. water is obtained by aiding chromic acid to waU-r in which basic zinc 
civrl)onato is suspended. A quadrifnisic salt^ iZuO.CrO* + 3H*0 or ZuCrO* + 
aZiiIPO*, is obtained as a fine light-yellow powder, hy adding zinc sulphate to an 
excess of neutrjvl potassium chromate, and freeing the precipitate from j)otaKh by 
washing and repeated boiling with a largo quantity of water. A basic cinco-poiassio 
chromate^ 6ZnO . K*0 . CrO’ + 6H=0, is formed us an orange-yellow pulverulent pro- 
cipitiitc on gradually pouring a soluthm of zinc sulphate into a largo i xccss of neutral 
potassium chromate (Philippona a. Priisson, Ann. Ch. Pharm. cxlix. 92). Accortling 
to Frees, the precipitate formed on mixing cold solutions of zinc suljihate and neutral 
potassium chromate consists of Zn*K*Cr*0*^ 4- 311*0 or 4ZnO . K*0. 3tVO* -t 311*0, 
and is resolved by prolonged action of boiling water into potassium dichromate and 
the quadribasic salt 4ZnO . CrO* + 3H*0. 

An awiwnnio-^rtnc cAro7na^c, ZnCr*OV4NlI* + 3ll*0, crystallising in square tables 
with octohcdral summits, is formed by dissolving the bibasic zinc salt above men- 
tioned in warm aqueous ammonia, precipitating with absolute alcohol, redissulving in 
ammonia, adding sal-ammoniac and alcohol, again dissolving the prccinilato in warm 
iMjuoous ammonia, and leaving the solution to cool (Bielor, Ann. Ch. Vharm. cli. 223). 


Chromic Chromate or Chrojnium Dioxide, CrO’ » Cr*0* . CrO* « 

This compound separates, according to A. V<»gel (J. pr. Chrm. Ixxvii. 482 ; Jahresh. 
1859, p. 171), from a solution of potassium diehromato, mixed with ammonia, or with 
alcohol, and exposed to sunshine. According to H. 8chiff {Ann. Ch. Phurm. cxx. 207 ; 
Jahresh. 1861, p. 260), it is formed by the action of a solution of chloride of lime on 
chromic hydrate or violet chromic chloride. It may bo quickly nnd easily nroparod 
by stirring up an intimate mixture of ocjuiil parts of pota.ssium dichromale and crystal- 
lised oxalic acid with strong nitric acid Vj a thick paste, heating (his paste in a 
pjrcelain crucible to a temperature below the molting point of the resulting potassium 


nitrate as long as red vapours are given off, then jmlverising the porous easily 


separating mass, and digesting it with cold water. The aqueous solution thereby 
obtained yields, on addition of ammonia, a further quantity of the brown oxide. This 
oxide is resolved by prolonged washing with water, into chromic acid and chromic 
oxide, whence it appears to consist of ch^>mic chromate rather than of the dioxide. 
The same view is supported by the fact that it does not turn guaiacum tincture blue, 
a property exhibited by all true penixides. The same view of its composition is taken 
by Elliot a. Storer Chim. apj). iii. 390 ; Jakrtsb. 1861, p. 2.51), who also find 

that it gives up chromic acid to water and to solution of sal-ammoniac. They obtained 
a brown oxide having the constant composition Cr*0*.Cr0* by Vogel’s method above 
dfscriliod, and by that of Kriigor {Gm^lin's Handbook, iv. 114), which consists in 
oxidising chromic oxide at 200°-210° in contact with the air. C3n the other hand, 
the brown oxides obtained by precipitating chrome-alum with neutral potassium 
clmjmate (6 eq. of the latter are required to pixsluce a permanent precipitate), by 
treating chromic oxide with chlorine-water, and by heating chromium trioxidc to 200°, 


as recommended by Traube {Jakrtf^f. 1847-48, p. 416), proved to be mixtures of 
Variable composition. Elliot a. Stonw have endcarourod to replace the bnse in the 
compound C'r*O*.0rO* by an anaKagous sesquioxide. By adding 6 mol. neutral 
potaMimn chromate to a eolation of 1 mol. common alum, a preemitate is formed 
ooQsiettng of cAromofs, Al*0*.Cr0*; the ferric compouna formed in like 

nianner oontaine F^O*.OrO*, and an analogo^ compound containing both manganic 
and chromic oxidee has been obtained by Fairrie (i. 986), Chromic chromate is also 
formed by passing the vapour of chromyl dichloride, mix^ with l^drogen gae, through 
a red-hot glaaa tube (Sehafarik, Jahresb. 1863, p. 226) ; and finally by lulling the 
solution of an acid chromate or of potaasio-ammonium chromate with i^um 
hypoaulphite (E. Kopp, ibid. 1864, p, 238). 
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Cbroinliim Oaiycbloriaes. 1. Chromyl dichloride,{QiTO^yQ\^ oxQX — Cr—Cl, 

<] 

wjmmonly ciilled Chlorochromic acid . — According to Thorpe {Chem. Soc. J. [2] yi. 514), 
this compound boils at 116*8° under a pressure of 733 mm., a determination which 
agrees with that of Walter (i. 954), viz. 118° under a pressure of 760 mm. Its sp. gr. 
at 25° is 1*920 (Walter found 1*71 at 21°). Its specific volume ciilculated therefrom 
agrees with that of the analogously constituted sulphuryl chloride : 

Mol. weight 8p. gr. Sp. volume 
SO*Cl» . . . 136*0 1*66 81 8 

CrO*Cl» . . . 155*5 1*92 81 2 

The vapour of chromyl dichloride imparts to the non-luminous flame of a Bunsen’s 
burner a peculiar pale violet colour, and the spectrum exhibits three violet, eight green, 
one yellow, three orange, and two red linos, the brightest of which are the violet, und 
one of those situated in the green. When the flame is fed with a mixture of the vapjur 
and oxygen gjis, a spectrum of almost insupportable brightness is pnxluced, the violet 
linos appearing peculiarly distinct. Neither chlorine gas nor chromic chloride nor 
chromous chloride introduced into the flame produces any similar spectrum. The deep 
red vapours of chromyl dichloride interposed before the slit of the spectral apparatus 
absorb all the light, excepting a narrow band of the red (Gottschalk a. Brechsel, BtdL 
Soc. Chitn. [2] vi. 20), 

2. Chromium Chromato-chloride. Cr*CTO* (Thorpe, Chtm. Soc. J. [2] viii. 
31). — Chromyl dichloride heated to 180°-*190° in a scaled tube for three or four hours 
is almost wholly resolved into this compound and free chlorine : 

3CrO»Cl* = Cr*Cl*0* + 2Cl». 


On opening the tube, the free chlorine escapes, and chromium chromato-chloride 
remains, mixed with unaltered chromyl dichloride, the greater part of which may be 
expelled by a gentle heat, and the rest by heating theaubstance to 120° in a current 
of carbon dioxide. 

Chromium chromato-chloride is a black uncryshillino powder, which deliquesces 
rapidly in the nir to a dark reddish-brown syrupy liquid smelling of free chlorine. It 
ilissolves quickly in water, forming a dark brown solution which likewise evolves 
chlorine on standing. In strong hydrochloric acid it also dissolves with dark brown 
colour, and the solution when boilotl gives off chlorine, becomes greenish -yellow, and 
ultimately exhibits the dark green colour peculiar to a solution of chromic oxide in 
hydrochloric acid. When the black comjwund is thrown into dilute ammonia, chromic 
acid is dissolved, together with all the chlorine, and a precipitate is formed consisting 
of chromium dioxide or chromic chromate, Cr*0*.CrO*. When gently heated in 
hydrogen, it U\kes (Ire, the combustion proceeding rapidly through the mass, and 
is ultimately converted into chromic oxide, hydrochloric acid, and water: 

2Cr*a»0« -f lOH « SCr^O* + 4HC1 + 3H*0. 

Chromium chromato-chloride is analogous in composition to the compounds 
KCl.CrO* and MgCl*.2CrO*, obtained bv Peligot {Ann. Ch. Phy». [2] lii. 267), and 
might be represented in like manner by the formula Cr'^Cl* . 2Cr6*. But its reaction 
with hydrt>gen shows that the chlorine is not present in the form of chromous chloride, 
for that compound may be heated to fusion in hydrogen without forming hydrochloric 
acid. 

The black chromium-compound and the corresponding magnesium-compound may 
perhaiRl be bettor represent^ by the following formulae ; 


CrCP)-'; 


{CrO»)*| 


Cl 

o 


(CrO*)'! 

Mg 

1 



o 

Cl 


(CrO»r| 



The kydrox^hloridu Cr(HO)*Cl' and Cr(HO)*Cl* obtained by Schiff have been 
already mentioned (p. 461). 
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CHromto Siilpliides. The sulphide obtained hy iiiRing potassium chromate with 
liver of sulphur forms groenish-bluck friable crystals, of sp. gr. 270, is Oi\ si ly oxidised 
by nitric acid, and when ignited in the air burns with a glimmering light to chromic 
(>xide having an alkaline reaction ; but the sulphide produced by igniting chrtmiic 
chloride in hydrogen sulphide forms grey-black, metallic, shining, flexible lamina!i, of 
ho. gr. 3 77 ; is not attacked by fuming nitric acid; and when ignited is converted, 
without alU rjilion of form, into the green sesquioxido. The first- niontionod product is 
probably an alkaline double sulphide (Schafarik, Jahresb. 1863, p. 226). 

CB&YSAMMZC ACXB. — The following methi)d of prt^paring this 

r.cid is given by Steiihouse a. Miiller {Cheni. Soc. J. [2] iv. 319): 2 pts, of tkicotrino 
iiUks are added to 6 pts. of nitric acid of sp. gr. 1-36, licated nearly U) boiling iu a 
retort providtxl with a comlcnsing amngoment, and the mixture is healod for about 
ten hours -the first portions of acid which pass over being poured back— till it is re- 
duced to about half iU original volume ; 3 pis. more of nitric acid are ihon added ; the 
digestion is continuod for 6 or 7 hours longer; the greater nortion of tlio nitric acid 
l)ien distille<i off'; tho residue mixe<i with 4 pts. water ; and the mixture of picric and 
aloetic acids which remains undissolvod is tligestcd for six or eight hours wuth an equal 
weight of nitric acid of sp.gr. 1'46, ninl then wn.shcd by decantation wiih lulling 
water, till tho wash-water, wliich is at first oriingo-yel low, exhibits a purplc-retl colour. 
Die mixture of clirysamniie and aloelic acid thus freetl from picric acitl is drio<l, again 
digested for about ton hours, with an equal weight of strong nitric acid ; and tho pro- 
d\ud, after washing with hot water, is repeatedly boiled with four times its wciglit of 
\v:iter till tho filtrsitc is no longer purplc-nnl, but light-rod. After renewed boiling 
w ith water and a slight excess of chalk, tho liquid becomes dark red or purple-rod, 
.iml on cooling doiv)8its calcium chry.saminato, jMirtly in needles, partly as a flocculent 
mass, wliich must bo recry.sUillise<l from weak spirit. If mucli aloetic acid is still 
present, in conscciucnco of imperfect transfiirmatlon of tho aloes, tho calcium 
elirysammate crystallises only alter repeatesi boiling with water, and ctmling, whereby 
the more soluble aloetato is removal. Tho ro<l w'ash-waters obbiined in this proems 
yield, when acidulated with nitric acid, a largo quantity of impure aloetic acid, which 
bv further treatment with strong nitric acid may bo converted into chrysammic acid, 
.Vbrt's thus treated yields from 3 to 4 p. c. calcium chrysammate : it is more economienl 
however to make use of tlio otherwise w<»rthlcs8 resinous p(>rt.ion of tho aloes, which )■ 
inMolublo in cold water, though tlio quantity of chrysammic acid obtaine^l therefrom 
is not more than half of that yieldo<l by tho aloes itself. ( hrysammic acid is also 
produced, as shown by lie la Rue a. Miiller (»/u/ircsA. 18(52, p. 324), by tho action of 
nitric acid on chrysophane and other constituents of rhubarb. 

Clijyfammic acid separated by nitric acid from the hot solution of the calcium salt 
f irms largo scales like lead irxlide, quite insoluble in cold waUir. 1 ho acid suspended 
in water decomposes the neutral solutions of cupric acetate and nitrate, nickel sulnhaie, 
manganous chloride, and other salts. Treated with j^dasnum chlorate and hydro- 
chloric aad, it is slowly exjuverted into chloropicrin, without formation of chloranij. 
Heated with benzoul chloride, it yields nearly insoluble benz^iyl-chrvsammic lusid, 
which crystallises in prisms ami is decx>mp«)Bc<l only hy alctiholic 
li-'tash into -ben/xiic and chrysammic acids (.Stenhouse a. Muller). j>ota»»%um 
oyanidein aqueous solution it is converted into chrysocyamic acid (binckh, Ann^ 
Ch, Pharm, cxxxiv. 229) : 

C’lDNW + 3CNH 4- 211*0 « 0*U*N*0* + 2NI1* + CO*. 

ChryBammlc Chrysocyamic 

acid. 

Calcium ChrymmmaU. (C’HNW^'Ca (at 145°), in en.ily aoluble in boirii« •l<»hoI, 
less soluble in water, and crj'stallises from the hitter in light wl ” 
dried in a vacuum give off water and turn bro4rn. Tho fnaywtviuini bwI (C Ills O ) Mg 
fat 160°) crystallises in broad red tablca. The cupric salt is prismatic and mors 
S4duble than the calcium salt. The manaanouc colt crystallises in scales having a 
bhx)d-red colour by transmitted li^ht, ana a golden lustre ; like most chrysammates, it 
is moderately soluble in weak spirit (Stenhouse a. Muller). , , 

E'hyl CkrycammaU, C^HN*0*.C*H», is obUined by heating drj silver chrwininato 
to 100° with 6 vU* ethyl iodide. When purified by repeated crysUllisation fiw 
bmzol, and finafit from ether, it forms i»le red needlea or 
insoluble in carbon bisulphide, and only slightly soluble in ether (SUniioaie, Chm* 

J. [2] iv. 824). 

• Oroebe a. Lietxmieiia {Xdteekr./, C3Um, ffijv. W) rsgsrf auywMa«ie>cldei l tir W << » # 
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Hydrochrysammide, (iii. 19l\ is easily formed by treating chrysamtnic 

acid with zinc and dilute acid, or with hydriodic acid (with addition of a little 
phosphorus), or with soilium-amalgam. The pu^le-re<l solution produced in the latu-r 
e;w4e becomes orange-coloured when shaken up with the amalgam in closed vessels, but 
recovers its original colour on exposure to the air (Stonhouso a. Mullor,/oc. cit). 

CBRTSAmXinrfi. (iv. 473).— This base forms two picrates, of 

which the diykrate C*“Ii*^N^[C*^HXNO')*0]'* is the less soluble. It is obtained by 
precipibiting a chrysanilino salt with an acpieous solution of picric Jicid, washing the 
precipitate, and dissolving it in alcohol. On mixing a cold-saturated solution of a 
chrysanilino salt with a cold-satural od solution of picric acid in alcohol, the dipicratc 
gradually separates in splendid ruby-coloured needles which retain 1 mol. water at 
100^, but become anhydrous at 110® (Hofmann, Bcutsch. chan. Gesells. Berlin, 18G0 

p. 370). 

Trimethyl-chrysaniline. C*®II‘*(CIH)*N*, — The di-hydriodide of this base is 
obtiiinod by heating 1 mol. chrysanilino with 4 mol. methyl-iodide to 100® for five or 
six hours, in shining needles which may bo purified by washing with boiling alcohol, 
and rccrystallisation from boiling water. It then separates in splendid neodlc.s 
having a colour intermediate between orange-yellow and carmino-rod, and consisting 
when dried at 100® of C'‘'‘*J1**(CIH)“N*. 2HI. The solution of this salt dyes silk 
and wool deep orangO‘y6Uow, with a tinge of scarlet The hot-saturated aquoou.s 
solution of this salt mixed with excoss of ammonia becomes light yellow, and deposits 
on cooling interlaced yellow needles of the monohydriodide C**II*^(CH*)'NMIf. 
The mother-liquors obtained in determining thto imiino in these two salts, frec.l 
from silver by hydroc^^loric acid and mixed with platinic chloride, yielded tlui 
platinum salt C^®ll*^(CII’)*N*.2HCl. PtCl* in beautiful interlaced needles. Tho 
solution of either of tho hydriodides warmed with silver-oxide yields the base, i\n 
a hr(»wn-yoUuw uncrystalli^blo powder, insoluble in water, soluble in alcohol. With 
acids it forms well-crysUiUisod salts, most of which are very soluble ; the nitrate and 
picrate however are sparingly soluble. 

Triethyl-chrysaniline . — Tho dihytlriodido C*®H**(CW)*N*.2HI is prepared 
like tho corresponding mothyl-conipound, which it resembles in every respect. When 
dried under the air-pump, it retains 1 J mol. water, which it gives off at 100®. The 
^latinochloride C^®Jl‘*(C^U^)^N*.2lICl.PtCP crystallises in noodles slightly soluble 
in water, 

Tho hydriodide of triamyl-ckrysanUine has also been obtained in the crystallino 
form. 

When chrysanilino is heated to tho boiling point with excess of aniline and acetic 
acid, ammonia is given oflf and a dark brown solution is formed from which, after 
ad<]ition of alkali, the free aniline may bo removed by a current of steam. From tho 
brown residue, a dark brown hydrochloride of a phonylatod chrysaniline may 
be prepared, which crystallises in four-sided tjibles (Hofmann, Demtsch, ckem, Gesells. 
Berlin, 1869, p. 377 ; ZHtschr.f. Ckcm. [2] v. 634). 

OBBTSASTZSXO ACZB* Kellner a. Beilstein (Ann. Ch. Pharm. cxxviii. 179) 
represent this ivcid by tho formula C’H»(NO*)*, accortling to which it is isomeric with 
trinitrotoluene. Cahours, by whom it was discovered, assigned to it the formula 
CVH^tNOp»0, making it isomeric with trinitrocrosol. The ammonium salt 
C’H*(NO*)*.NIl^ is ojisily soluble in water, and crystallises in light brown ne^les ; 
tho silver salt CHI*(NO^)»Ag is a bulky yellow precipitate. The etl^lic ether 
CHH(NOp*,C^H*, produced by treating the alcoholic solution of the acid with hjrdro- 
chloric acid gi\s, crystallises from alcohol in largo lamin® having a golden lustre, and 
remaining suspended in tho liquid, with a sky-blue iridescence. 

Amidoohrysanisic acid, C*H’N*0* - G»H»irNH*)(NO*)», produced by Uie 
action of hydrogen sulphide on an alcoholic solution of chrysanisic acid supersaturated 
with ammonia, crystallises in rod microscopic crystals, easily soluble in alcohol, 
sparingly soluble in hot water, insoluble in other. Ite ammonium salt, 
forms garnet-red monoclinic prisms with dihedral summits, having the axes 
a \ h : 0 a* 1*0730 : 1 ; 1*809, and the angle 6 : c = 77® 32*. ^s potassi^ salt and 
tho barium salt crystallise in rod neetlles; the salU of the heavy metals |ffoduce in 
the solution of ammonium amidochrysanisate, orange-coloured or yellow precipitates. 

AMO-amidoohrysanisic acid, C'H*N(NH^XNOH* separates on passing nitrous 
acid into the alcoholic solution of amidochrysanisic aciih as a bcasa-yeu^ cryst^ine 
Wy, easily soluble in absolute alcohol and not decomposed by boiling with li 

dj§9olTes in ammonia, with ovolution of nitrogen, forming a rod liquid, horn which 
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Acidi throw down n body which crystallises from hot water in yellow lurain® and has 
the composition C^*H'®N*(N0*)^0 (Kellner a. Beilstein). 

CBSTSSVB. C**H'*.— This hydrocarbon, disoorored by Laurent (i. 968), occurs, 
toj^cthor wiUi benzorytlirone (p. 304), in the loiist volatile portion of crude anthracene 
(the mixture of solid hydrocarbons which remains in the distillation of coal-tar after 
the naphthalene has passed over). It is contained also in larger quantity in the reddisli- 
yollow product which passes over last in the dostructivo (iistiilntinn of dry fir-wood 
tiir {prai sec) (Bortludot, Jahresb, 1867, p. 006). It is fonntMi, together with diphenyl 
and many other hydrociirboiia, when the vapour of benzene is pjissotl through a porce- 
lain tube lieatcd to bright redness (p. 261). Tlio formation of diphenyl and chrysene 
may bo represented by the oejuations, 

*= C'211'® + 11*; 2C‘*U‘® = + IP; 

UcHzcue, Diphenyl. IntermuiUaUs 

product. 

C*<11’" «= C>»*ll‘2 + 

Chrysfuo. Untzeue. 

Chrysene is also formed, together with benzene (probably from jihonyleno ns inler- 
modiate protluct), when diphenyl is hoattnl for an hour.witli hydrogen in a studod 
lube (lierlhelot, ibid. pp. 642, 644) : 

3C‘^U'® - acqi® + C'«ll'*. 


A mixture of chrysene var)Our and hydrogen gas passoil through a rwl-hot lube is 
o< inverted into benzene and diphenyl : 

+ 2IP =. C®11* + ; 


and a mixture of chrysene and ethylene similarly tnnUMl yields benzene and 
anthracu)no, with a small qmintity of naphthalene (Bertliolot, ibid, p. 616): 

C‘"1I‘» + C*1P « mi* + C'‘ll‘® 


and 


-f 2C*IP =. 2C®H® + C'®1P. 


Cliryseno added to a hot alcoholic solution of picric acid (saturabd at 20‘^-30'^) 
forms a yen«>w granular precipitate of chrysene picrato^ consisting of scaly groups of 
microscopic needles. If bonzerythreno is also pres(*nt, the sc^ilos are changed^ into 
brown sphericjil aggregates of needles (Bertholot, iUd. 1867, p. 664). According to 
(ItdlaMy {€ hem. News, x, 243), chrysene picrato, C'"!!'*, C®ll*{N0*)»0, cryslallises 
from a hot solution of ita aimpononts in Boghead naphtha, in radish-brown needles 
often half an inch long. 

CKBTBXBTXC AOX3>« A yellow colouring matter amtainod in the buds of 
Populus nigra and P. pyramidaJie. (See Popi.ah-huoh, v. 688.) 

CKBTBOCTAUCZC ACXO. C*n*N>0* (O. Finck, Ann. Ch. Phartn, cxxxiv. 
229 ). — An ludd allied to isopurpuric acid, producwl by heating chrysjtmmic acid with 
•'iqueous pobissium cyanide : 

C’H*N‘0® + 3CNir + 2U^O - C*II»N*0* + 2NJl» + CO^ 

The potassium salt resulting from the reaction, after being i>urified by repeated pro- 
f ipitation with potassium carbonate, and finally by rocrystallisation from hot water, 
N’pamtes on cofding as a daiic-coloure<l salt conbiining 2C*n*N*0*K. 3II'0, and giving 
up its water at 120®. The ammonium salt 2C*IPN’0*.Nn*.3H*0 forms dark green 
Uf chIIch less soluble in water than the p^jtassium salt. The barium salt (C^lPN’CV'Iia, 
the calcium salt (C*H*N*0®)*Ca, the lead salt (C*H*N*0*)*Fb, and the silver salt 
l'’*IPN*0*Ag, are red-brown precipitates which actpiire metallic lustre by trituration, 
■irul detonate when heatwl. The acid 2C®11*N*0* . 31 FO separated from the |x>tassium 
^dt by nitric acid. Is insoluble in water, s<dublo in alcohol, and exhibits metallio 
lustre when dry. 

CBBTBOC4Xir (Fritzsche, Comvt. rend. liv. 910 ; Anther, Bull. 8oc, CUm. [2] 
Y*. 474). — An orange-colouFod byorocarbon containexl in small quantity in crude 
anthracene, separable therefrom by repeated crystallisation from light oual-tar 
naphtha, and finally purified by treatment with alcohol and ether. It dissolves in 
2,600 pts. of cold Mnzol, and in 600 pta at the boiling heat; very sparingly also in 
alcohol and ether ; and separates from the hot-saturated solutions in grouM of oran^ 
coloured tables or laminie, which appear gold«green in the liquid by rejected 
and are ooirrerted by ether into an oraoge-^<mm powder. It eontains 94*3 to 96*0 
p, c. carbon and 6*7 to 4*7 p> e. hydrogen ; melt# at 230® to 290® ; sublimes with 
Partial deeompositios ; diasolves withmt altsratioa in starong sttlphtuic add; and 
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yields a crystalline product with strong nitric acid. When mixed, even in traces, with 
colourless hydrocarbons, it imparts to them a fine yellow colour. Its solution when 
exposed to sunshine quickly becomes colourless, and then yields a crystallisablo 
colourless body, which becomes orange-yellow when fused. 

OBRTBOPBAVB. C‘*H**0*. — An orange-red bitter substance contained, 
according to Kubly {Bull. Soc, Chim. [2] x. 293), in the alcoholic extract of rhubarb, 
and resolvable by acids into chiy sopluinic acid and sugar. 

CBBTBOFBAiriO ACZD. H. Grothe (Poffff. Ann. cxiii. 190) has obtained 
this acid from the root of Rheum 'pyramidulr^ also of Rume^ PatUntia^ R. palmtris, 
R. acutus, R. aquaticus, and R. Hydrolapathurn^ and regards it as nearly allied to the 
yellow colouring matter of buckwheat. J. B. Batka {Chem. Centr. 1864, p. 622) 
prepares it by treating rhubarb or the leaves or pot^ils of senna with caustic potash, 
precipitating the filtrate, and dissolving the washed and dried precipitate in chloro- 
form, which on evaporation leaves the acid in granular crystals of a pure yellow 
colour. Tlie substances obtaine<l from rliubarb-root, and known in commerce as 
phaHjretin and erythroretin, are, according t<3 Biitka, nothing but impure chrysophanic 
acid, the farmer in a half-charred condition, the latter contaminated with rheitanuic 
acid. 

The composition of chrysophanic acid has been reprcsonte<l by the formal® 
and (i. 969). According to Uochle<ler {Z^itachr. f, Chem. [2] v. 676), 

chrysophanic acid prepared from rhubarb usually contains omodin. On boiling it 
with s^a-loy and filtering at the boiling hciit, the emtxlin dissolves, with blood-red 
colour, whilst nearly all the chiysophanic acid remains undissolvod, and when 
further purified by crysUdlisation from alcohol of 90 p, c, gives by analysis numbers 
agreeing with the formula (J‘Gt'*0‘. According to Grael® a. Liebermann {ibid. iv. 
503), chrysophanic acid is isomeric with alizarin, C’ll’O*, and when treated with 
zinc-dust is converted irdo anthracene (p. 177). 

A solution of chrys<.»phanic acid in benzoyl chloride heated nearly to the boiling 
point of the latter, gives off hydrochloric acid and yieldsdibenzoyl-chrysophanic 
acid, G'®II''(CGI'0)H)^or C'GI'*(C’lP0)20b [C'«H«(CUP0)^0« according to Graebo 
a. Liebermann], us a fibro-crystallino mass, which dissolves sparingly in alcohol, and 
cryst4illi8es from benzol, or, better, from a mixture of benzol and absolute alcohol or 
amylic alcohol, in long irregularly hexagonal prisms. It melts at 200°, gives off at 
higher tompenitures, yellow vapours smelling like bitter almond oil, and is not dccom- 
p>se<l by ammonia; with potash-ley of sp. gr. I'S it gives the characteristic red 
colour only after long boiling; by alcoholic potash or strong sulphuric acid it is 
immediately resolved into benzoic and chrysophanic acids. With acetyl chloride 
clirysophanic acid yields acoty l-chrysophan ic acid, which is crystallisable, but 
ditficiilt tc purify. Gently heated with phosphorua pentachloride it yields a body 
which reacts like chrysophanyl chloride, being converted into chrysophanic acid by 
boiling with water. A solution of chrysophanic acid in fuming nitric acid deposits 
after a few days large laminar crystals of chrysammic acid (p. 467) identical 
in every respect with that obtained from aloes (Do la Rue a. Muller, Jahreab, 1862, 
p. 323). 

CBBT80P1CBXH. Syn. with Vclpic Acid (v. lOOf). 

OBBTBOTOXitrXX>XBra« — A yellow base related to toloidioe in ths 

same manner as rrmniline to a mixture of 2 mol. toluidine and 1 mol. aniline. It 
is found, together with other bases, among the secondary products formed in the 
industrial preparation of rosaniline (p. 165), being product by the acUon of dehy- 
drogenising agents on toluidine, 3 mol. of that base giving up 3 mol. hydrogen : 
3(C’H»,H».N) = 8H». 

Toluidine. duyeotoloidine. 

By the exchange of 3 at. hydrogen for 3 at. tolyl, phenyl, or ethyl, it is capable of 
yielding new colouring matters : e.y., 

C»‘H«N» + 3(CTH’.H*.N) ^ 3NH». 

ChrysotolttidiDe. New colouring 

matter. 

(Do Loire, Girard a. Chapoteaut, CompU rend, Ixiii. 964.) 

OBBliOBlTB. A hydrated calcio-cerons phosphate from Cornwall, oecniring 
on a quartj-rock as an incrustation resembling wavellite, oonsistang of fan-shapM 

* In tbe drsi edition the fomuls U erroneouaty printed C'*H' V. 
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groups of small prisms, apparentlj monoclmie* Colour, pale smoke-gfrey, with a 
tinge of flesh-red; hardness, rather more than 8; sp. gr. (approximate) » 8*14. 
Analysis gave 61*87 p. c. CeO, 6*42 CaO, 28*48 PH>* and 14*93 water coutaining a 
little hydrofluoric acid, whence the formula : 

6CeO . CaO , 2P*0‘ . 8U^O or (SCelCa)*P»0* . 8H*0 

(Church, Chem* 8oc, J. [2] iii. 269). C. Qrevill© Williams {Chcm. Newa^ xii. 183) has 
found by optical examination that the mineral also contains didyinium. 

When a bivrk containing quinine or cinchonine is heateil 
in a test-tube, a characteristic red vapour is given olF, which condenses to an oily 
liquid having a splendid carmine-red colour. This reaction is not exhibited by false 
cinchona-barks, or by the true barks after the nlkiiliVids have been removeil from them 
by acids (Qrahe, Chem, Centr, 1858, p. 97 ; see also Batknv, ibid. 1859, p. 866). 

QuaniiteUive EaiiTnatian of the Alk^dxde. — 1. Claus i^Huas. ZeUachr, }*fuirm. i. 685 ; 
Jahreah. 1863, p. 707) exhausts the bark, dried at 100^, with cold dilute sulphuric 
acid ; evaporates the extract with excess of magnesia ; dissolves out the quinine from 
the residue with ether, and the other bases with alcohol. — 2. Do Vrij {Pharm. J. IVana. 
[2] vi. 50) mixes the pulveriswl bark, drio*! at 100'^, with one-fourth of Us weight of 
slaked lime ; boils the mixture for about five minutes with 10 pts. alcohol of sp. gr. 
0 85; and then exhausts it on a filter with a luigo quantity of boiling alcohol. The 
alcoholic solution acidulated with acetic acid is next evaporate^!, and the residue 
repeatedly treated with water, as long ns the filtrate becomes turbid on a<ldition of 
alkali. The bases are thereby disjwdvcti, whilst quinonic acid, fats, and resinous 
subsUincos remain on the filter. The bases arc then precipitattHi frv>m the concoiitnUod 
aqueous solution by milk of lime ; and the procipiUUo is washed with a little water, 
and then exhausb-d at the boiling heat with alcohol of sp.gr. 1*82. The alcoholic 
solution, when evaporated, yields the whole of the bases, sometimes contamiuatod 
with a small quantity of resinous matter insolulde in acetic acid. The bases are 
redissolvod in acetic acid, and the solution is agitated in a closotl tap-funiud with a 
slight excess of caustic soda and with ether (at least 15 pis.), and the ethereal solution 
is wparateil after standing for six hours. This solution when evap<.)mto<l leaves the 
whole of the quinine, togctlier with traces of ciuchonidine, quinidine, and cinchonine, 
and frequently of a fusible base. The bases insoluble in other are retiissolve*! in 
dilute acetic acid. If quinidine is present, the resulting solution, mixed, with a few 
d^^ps of concentnite<l atjuoous potassium i<Klide, yields a sandy prccipibite of quinidine 
hydriodido, . HI, which must bo weighed after drying at 100®. The 

liltrate yields with caustic soda a precipitate consisting of cinchonine, or of a mixture 
of cinchonine and ciuchonidine. The presence of the latter can bo detorminod with 
certainty only by its behaviour to polarised light (i. 971). 

3. According to Van dor Burg {Zeitachr. ana}, Otern. iv. 273 ; Jahreah. 1866, p. 736), 
the extraction of the btisee of cinchona-bark by lime and alcohol is not complete unlcse 
the treatment bo repeated several times at the boiling heat; morwjver, a eorttiin 
quantity of the lime is always diss^>Iv©<l, increasing the total weight of the alkaloids 
obtivined, and being ultimately reckonetl as cinchonine. For tho estinmtiun of the 
total quantity of the bases, Van der Burg ro<M>mraend8 tho following mothtnl : The 
bark is exhausted by repeated Ixiiling with alcohol, with addition of calcium hydrate; 
the solution is mixed with acetic acid and evaporated ; and tho filU;red ^ueous 
solution of the residue is precipitated with caustic soda. Tho precipitate is freed 
from colouring matter, in the manner recommended by Rabouidin \Jahrttdi. 1861, 
p. 533), vix. by solution in hydrochloric acid and fractional precipitation with araraonia ; 
the pure precipitate is finally dissolved in alcohol, the solution ©vaporaled in % 
platinum capsule, and the residue weighed. This gives the total an^unt of organic 
bases in the bark. As quinine and quinidine are perceptibly soluble in pure water, it 
is advisable, after precipitating with soda-ley and washing the precipi^te, to coUert 
the wash -water separately as soon as it ceases to exhibit alkaline reaction, ^ agitate it 
with ether, and aiml the residue obtained by evaporating the ethereal soltttioii to tho 
quantity of bapes obtained by precipitatioD, 

4. For the estimation of quinine in onchona-barks, the follokriM volumetric 
method is given by OUnard a. Guillermood {Cempt, rend, xlrii. 831 ; J, Pharm, [81 
xxxvii. 6): The finely pulverised bark (10 grms.J, intimately mixed with an eq^l 
weight of slaked lime, is exhausted in a well-cloeed vessel with a determinate qiuwtity 
(100 ac.) of ether firee from water and alcohol, and a portioiB (10 c.c.)^of tim ethenMU 
■oliitioD is agitated with a known and exeeesiTe volume of titrated sol^mric arid [10 
cx. which eootain 0*0302 gnns. H*SCH, equivalent to 0*2 fi^nis. winiMjjtm^ 
riUon that the salt produced by aatuiution haatlieeo»pnstUoo(0**H**H*0*)!*.H^SD'|; 
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and the unsaturated acid is determined by titration with ammonia ; the quantity of 
Quinino which saturates the rest of the acid may then be calculated. To determine the 
«)int of saturation, Gtenard a. Guillermond use, instead of litmus, an ethereal 
solution of the wdouring matter of Campeachy wood. In a subsequent memoir 
ij. Pharm. [3] xli. 40), the same authors roccimmend, instead of normal sulphuric 
acid, an aqueous solution of oxalic acid (4 0806 grm. of the air-dried crystallised acid 
in a'litro), and replace the aqueous ammonia by an aqueous (not alcoholic) solution of 
pure potiissium ()r sfxlium hydrate ; for dotermining the point of saturation they use 
an alcoholic extrjict of St. Martha wood, whicli, in contact with free alkali, immediately 
assumes a bright red colour. ^ ^ . v . 

From the investigations of De Vrij (Pharm. J. Trans. [2] v. 693 ; vi. 16), it 
appears that the root-bark of various species of cinchona cultivated on the Neilgherry 
mountains in British India is richer in organic bases than the stem-bark, and that 
tho amount of these buses in the bark may bo increased by careful management, 
inasmuch as tho bark of a young stem of C. succirufira scarcely two youre old, which 
had been covered with moss te accolonite the thickening of the bark, was found to 
contain 8’ 409 p. c. of cinchona-bases. In tho leaves of C. sweiruhra growing at a 
height of 1,600' feet above tho sca-lovel, Do Vrij found 2 06 p. c. quinovic acid; the 
same species at the height of 6,200 feet was found to contain only 13 p. c. quinovic 
acid. Respecting tho proportions of quinovin or quiuovin-bitter in various parts of 
cinchona-trees, see Quinovin (v. 32). 

The bark of Cinchona macrocalyx, Pav., known in commerce ns ‘ China de Cuonija, 
contains, according to J. K. Fischer i^Zcitschr. Chmn. [2] ii. 266), 2'38 p. c. organic 
bases, of which 0-59 p. c. consists of quinino and 1-79 p. c. of cinclnmino. 

De Vrij regards it as prrjbable that cinchona-barks originally contain an amorphous 
base which yields amorphous salts, insismuch as ho obtained such a base from barks 
grown in Java, which Imd been ^ied and exhausted with acetic acid in the dark 
(Jahresb. 1866, p. 471). , , ^ 

Howard {Pharm. J. Trans. [2] vi. 684) has described and delineated the crystallised 
constituents of cinchona-bark {C. succirubra'). 

Respecting a brown humus-liko substance obtained from certain cinchona-barks, 
soe Lionoin (iii. 695). 

Cinchona Cultivation in India. — Tho cultivation of cinchona-trees has within tho 
last ten years been ciirrio<l on with groat success in British India. Tho chief seat of 
the cultivation is Ooticamund, in tho Neilghorries, from which it extends nearly to 
the southern point of Ilindostan, in some places at heights of 7,000 to 8,000 feet 
above the sea-levol. Tho cinchonas were first introduced at Ootacamund in I860 ; in 
1862 there wore upwards of 72,000 plants under cultivation, more than half of 
which consisted of C. siuxirultra, and 1,000 of C. Calisaya, both valuable sptK^ies. In 
May 1866 tlio numbers of difforont species growing at Ootacamund were as follows: 


Cinchona succirubra . , . , . 297,000 

„ Calisaya 37,000 

„ officinalis . , , . • 768,000 

Species yielding grey barks .... 29,000 

C. lancifolia and C. pitayensis . • • 198 

C. Pahudiana . . . . . ' . 426 


Altogether, including a few other species occurring in small numbers, 1,123,000 

plants. . , , . t J # 

Tho cultivation was also introduced at Hakgalla in tho central mountam-land of 
Ceylon in 1861, and at Darjeeling in tho south-eastern Himalaya in 1862. Hakgalla 
in 1868 possessed 22,000 cinchona-trees, and in November 1866 more than 600,0W, 
principally <?. swocirW/ra and C. officinalis. Daijeeling and Bungbee in Sikkim 
possessed in May 1866 more than 300,000 plants, chiefiy of the same two species. 

these plantations young cinchona-trees have been transplanted to other parts 
of India, as the Pui\jaub, Assam, Riingoon, and Bengal, also to the islands of 
Mauritius and Reunion, and to Australia, New Zealand, Jamaica, and other loc^itiM 
where the climate and soil appear to be adapted to their cultivation (Fluckigor's 
Pkarmakognosis dcs I^mxcnreickes, Berlin, 1867, p. 422). 

(i. 969) is formed, toother with sugar, by boilii^ quiao- 
tannic acid with dilute sulphuric acid. When dissolved in ammonia, predpitaM by 
hydrochloric acid, and dried at 130®, it has the composition Its bariuB- 

eompound precipitated ftom the amraoniacal solution oontains C*H**0**Ba; th« 
cakfum-compound C“H^**Ca, Fused with potash, it yields a \mmnhmam 
piquet, chiefiy protocatechuic acid, tegother with a little aoeUe amd. Xha bqpad; 
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•epamUd trcm the ciuchona-rod contains glucose (Kenbold, Ck, JPAarm, cxUii. 
270). 

onfOSOamXSrX* — ^This base and its salts haye been examined by 

Hesse (^fi. CA . Pharm. 326), with results diiTering in many respects from those ^ven 
in vol. i. p. 971. The pure base is obtained by mixing the proptvmtion containing 
(juinine-salt with sodio-potossic taetrato, dissolving the resulting precipitate in hydro- 
chloric acid, and precipitating with ammonia. On treating the bases thereby 
no}«vratod with ether, the cinchonidine chioHy remains undissolved, and may be 
purified by rocrystallisation of its neutral hydrochloride. 

Cinchonidine ciy’stallises in laigo anhydrous prisms soluble at 10° in 7fi‘4 pts. 
t ther, in 19'7 pts. of 80 p. c. alcohol (in 15‘3 pts. at 20°), in 1680 pts. of cold and a 
somewhat smaller quantity of hot water. It molts at 206’6°, and resolidifies in tlio 
crystalline form at 190° (comp. i. 971). 

Salts op Cinchonidinb. — The hydrochloride ^ C*®IH«N*O.UCl + otj., crystallifics 
in largo monoclinic double pyramids, dissolving at 10° in 326 pts. ether and 30*6 pts. 
water (at 20° in 20T pts.). On boiling down the solution, the salt somratos in 
yellowish drops, which solidify in the cold to a radio-crystalline mass. The 
chloridCt C^IP^N'^O. IICI . AuCl*, is a pulvorolont mass of a fine yolhiw colour, melting 
nt about 100°. The p/a^tnocA/ort<fc, . 21ICI . Pt,Cl«, is a pale orango-yoUow 

crvKtiillino powder nearly insoluble in cold water. Tlio dihydriodide, C’^IP^NK) . 2UI 
V !vq., forms lemon-yellow prisms. The C*®U“*N*0 . NllO* -i- aq., crystallises 

in large prisms, molting and giving off water at nbemt 100°, and dissolving in 70 6 
Jits, water at 10°. The hupophoaphiie is more soluble than the corresponding quinine 
H ilt. The acetate, C*®H2*N*0 , C^H*0* 4- nq.,i8 easily soluble in water, and crystalliw's 
in iHKlviUr gnmps of needles. The beneoaie, . C'll*0*, fonns short white 

j-risms soluble in 340 pts. water at 10°. 

Sulphates . — The neutral sulphate, 2C*®H**N*0 . SIPO* 4 6aq., forms white prisms, 
brooming anhydrous at 100°, insoluble in ether, but dissolving in 97*6 pts. water at 
12°. The anhydrous salt is also cry stalli sable und<T certain circumstances, and 
( \hibit8 the peculiarity of prx^ducing other anhyilrous salts by double decomposition. 
The acid salt, .SiPO* + 6atj., crystallises in long sLriattsl ofiloroscont 

prisms easily soluble in water and in alcohol. The h^racid salt, C*^11**N*0 . 2SH*0* 
f 2fW},, separates from the solution of the preceding salt in dilute sulphuric acid, 
by evaporation over sulphuric acid, in short prisms insoluble in other and dissolving 
but slowly in cold water. The hyposulphite, . S*H*0* + 2iu]., forms tliin 

prisms which dissolve at 10° in 221 pU. water, become anhydrous at 110°, but 
reabsorb their entire amount of water on exposure to the air. The neutral oxalate, 
2C*“H**N^O . C*H^O* + 6a<;p, crj'staliises in long asbostos-liko prisms, soluble in 262 
pts. of water at 10° ; the anhj'drous salt in white nodules. The succinate forms 
prisms soluble in 582*6 pts. water at 10°. The neutral tartrate, 2C**II*^N*0 . 

+ 2 tv: 3 ., is a white crystillino precipiUite perfectly insoluble in potassio-sodic tartrate, 
separating from hot water in prisms, requiring for solution 1266 pts, water at 10°, 
As neutral tarlrato of cinchonine is soluble in 36*6 pts. water at 16°, cinchonine and 
cinchonidine may bo easily separate*! from one another in the form of tartrates. 
Cinchonidine-antimonioiis tartrate is easily soluble in hot water and in alcohol, and 
crystallises in prisms. The citrate forms prisms which are converted by water into a 
bjuiic salt. The hydroferricyanide is an egg-yellow precipitate composed of spherical 
crystalline aggregates, or of lamiuse. 

OZWCHOrani. C^'*II*^N*0.—Hesse {Ann. Ch, Pharm, exxii. 226) has shown 
that the base callcfl 3-cinchonine, obtained by Schwabe from commercial quinoldine 
(i. 974), does not differ in any respect from ordinary cinchonine. 

Cinchonine sublimes partially at 220° and melts at 240°-260° (Hesse) ; 1 pi, of it 
(dried at 100°) dissolves in 2118 pts. ether at 170° (Van der Buig, ZeUschr. anal, Chsm, 
iv. 273). From a solntion containing tartaric add it is not precipitated hy acid 
sodium carbonate at ordinary tempcratuwwi ; but on heating the liquid, carbon dioxide 
escapes and dnchonine is precipitated. Some of the neutr^ salts, as the acetate and 
citrate, are decomposed, and yield a precipitate of the base, even when heated with 
water (Hesse). According to Schutxenberger rmd, xlvi. 1W6), cinchonina 

treated with sine and snljmnrie acid takes up HK) and is oonyerted into a new btne» 

Salts of OorcsoinifK (Hesse, Ann, Ck , Pharm. exxii. 226 ; exxxr. 826).— 
kydriodida, 4- aq., separates on adding potasstum iodide to a ioltttioii 

of the hydroeliloride, partly as a pale yellow oil which ttoUdj^aa to a ayataUiM 
mass, partly in slender white crystals. Hie kydroeMorids, C^"N*0,BK7l Saq*# 
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crystaUisoa in the form described by Schwabe (for the so-called ^-salt, i. 076). The 
crystals are permanent in the air, effloresce over sulphuric acid, give off their water at 
lOO*^, and melt at 130^. iSp. gr. of the powder = 1‘234. One part of the salt dissolves at 
10° in 24 pts. water ; at 1 6° in 1*3 pts. alcohol and 273 pts. ether. The stanmoftochloridf!, 

. 211(3 . SnCT^, separates in heavy yellow prisms from a mixture of the hydro- 
chloride witli acidulated stannous chloride. The zincochloride, . 2HC1 . Zn( l- 

■+• aq., separates in flattened prisms from an alcoholic solution of cinchonine mixed with 
Bine chloride, and then with sufficient hydrochloric acid U) redissolve the precipitate, 
A solution of this salt in excess of hydrocliloric acid deposits the easily soluble twill 
2((J'^*n''^NH) . 3IICI)ZnCT‘* + 3a(p TUa auroch'oride^ . 2IIC1 . AuCP, is a 

heavy light-yellow powder, melting at a little above 100° to a dark yellow mass. 
The nitrate, C‘^*1P‘N‘^0 ,NHO=* + Aaq., forms monoclinic twin-crystals soluble in 20 4 
pts. water. The tjettzoate, . CTPO*. crystallises in stellate groups of anhy- 
drous prisms soluble in 163 pts. water at 15°. The .sulphate, -f 2;up, 

dissolves in 65*6 pts. water at 13° and in 5*8 pts. alcohol (of 80 p. c.) at 11° The 
Aypo.s«//»A<7r, 2(v*®H*<N-'0 .S*IPO’ + 2aq., forms rhombic prisms mPao .mPeo .oP (*<'), 
soluble in 167 pts. water at 16°. The chrowate, 2(r^"lP*N-0 . C^H-0^ is deposiUd on 
mixing the hydrochloride with a gently warmed solution of potassium dichroniato. in 
small ochre-yellow prisms, w'hich decompose in the moist shite on expo.suro to light. 
The photqihatv, 2n‘»H-^N'^0 . PII=*0* -y 12aq., forms concentrically grouped prisms 
easily soluble in wat<'r. The arsenate, 2(r'«®IP<N'0 . AsK^O^ + I2aq., forms long 
prisms, easily soluble in water (Hesse). An aqueous solution of a cir.clionine salt 
gives with sodium .stdphars>nate a bulky prccipdato soluble in excess of the reagent 
(Mosing, Zcitschr. f. Chrm. [2] v. 363), The oa*a/rtb’, 20’®H . C-IPO* -t 2a<j., 

crystalli.ses in large prisms soluble in 101 pts. water at 10'^. The acul .succinafv, 
C‘*®IP^N^O . crystallises in long oblique-angled needles containing ;IJ1"0, or in 

largo thick crystals with llt*0, both forms molting at 110°, and dissolving easily in 
water. The acid C-^IP'N-C^ . CHPO* -t- 4aq., forms small prisms dissolvit g 

in 101 pts. water at 16° with acid reaction. The neutral tartrate, 2(>’®ir^'N*() . (3]l"t )'* 
■l 2aq., is loss fusible than the acid salt, ha.s a slight alkaline reaction, and wln ii 
dehydrated, quickly reabsorbs its full amount of water on expisnre to the a:r. 
Chichouine-antimonious tartrate, obtained by decomposing the sulphate with bario- 
antimonious tartrate, crystallises from water, partly in wdiite, easily efllore.scing nodules 
containing 24*7 p. c. water, partly in lai^o crystals resemVding salljietro and conta'iiing 
frttin 9 8 to 10 p. c. water. The compound dried at 100*^ contains 26*2 to 26*6 p. c. 
antimony and 47*48 p. c. cinchonine. The acid citrate, . CHPO’ q l uj., 

f<*rnis small prisms soluble in 65'8 pts. water at 15°. The neutral citrate, 
-4- 4aq,, separates on evaporating its alcoholic solution, a.s a 
colourlos.s oil which solidifies in long concentrically grouped prisms. The picrafe, 
2('‘*®n-**N-‘0.3C*H*(N()’)*0, is ohtaineil ns a yellow precipitate resembling lead iotlide, 
on mixing conchonine hydrochloride with n gently warmed solution of picric acid 
(Hesse). 

Actio 7 t of Pidassium Permanganate on Cinchonine (Caventou a. Willm, Zeitschr. f 
Chon. [2] V. 617). — When a cold -sat uratixl solution of potassium permanganate is 
HiUh-d by drops to a solution of about an equal quantity of cinchonine sulphate, like- 
wise kept c«x)l and acidulated with sulphuric acid, carbon dioxide is evolve<l, and the 
following proilucts are fonne<l: 

1 . H y d r o c i n c h o n i n e, ( r"N^O. — 2. O i n c h o t c n i n o, an indifferent body which 
unites both wnth acids and 'witli bases, but without forming well-defined compounils. 
— 3. Carboxyci nebon ic acid. — 4. A substance which reduces cupric oxide in 
alkaline solution. The last three are pro<luets of oxidation. . 

If ^d rocin chon ine, C nudts at 268°, deflects the plane of polarisation 

to the left, but less strongly tlian cinchonine ; it is insoluble in water ; a litre of 90 p. c. 
alcohol dissolves 7*25 grm. of it at 16° ; at higher tempenitures it is more soluble and 
separates on cooling in small silky m^edlcs. It forma well-crystallised salts, soluble in 
Welter and having a bitter taste. The platinochUtride, C**H**N*0 . 2HC1 .PtCH, forms 
rather large shining crystals. It is but slowly attacked by potassium pernianganate. 

1, Cinchotenine, the most abundant of the oxidation pnxlucts, 

separates from a btuling aqueous solution in silver-white silky crystals, but slightly 
soluble in cold water and in alcohol, even at the boiling heat. It turns the plane of 
polarisation to the leff. but less strtingly than cinchonine. It has a neutral raiction, 
and dissolves both in acids and in alkalis, but is insoluble in strong TOt-ish-ley. 
From its solution in Vwryta-wuter it is precipitated by carbonic acid. It forms a 
crystallisable plati nochloride With silver uitrate it forms a white precipitate and 
reduces the silver when heated. It is but slowly attacked by potassium permanganate 
even with aid of heat. 
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CarboTyeiMchonie aoid^ C*‘H**N*0\ Is formed from cinchonine by {uldition of 
water^ as well as by oudation. Its formation appei^ to take place only when the 
evoluuon of carbon dioxide becomes ener^tic* and is perhaps analogous to that of 
benxoic acid by oxidation of bensene. It is moderately soluble in water, especially 
when hot, and crystallises in hard shining anhydrous prisms. 100 pts. alcohol aissolTo 
1*8 pts. of it in the cold, somewhat more than 3 pts. at the boiling heat. It is bibiisic, 
and forms with the alkalis and with baryta, easily soluble salts, difficult to crystalliso. 
The cupric salt C**H*®N*0*Cu is formed as an amorphous blue-green precipitate, which 
quickly becomes ciystalline and deep blue. The silver salt C‘*n'>'N»0<Ag* is a very 
permanent ^stalline precipitate. The acid likewise dissolves iu Imlrochloric, 
sulphuric acid,&c., and forms a platinochloridc crystallising in omnge-yoflow laminoe 
sparingly soluble in water. 

CZWCBOTSirZXrs, See the last article. 

CUntfAMCansr. Benzyl Cinnamato. (See Cinnamic EriiKits, p. 470.) 

CXmrAMmrB or OnrSTAnCOXi. — According to Berthelot {Compt, 

rend. Ixiii. 618), cinnameue produced by the dry distillation of cinnamates is not 
identical in its physical proptTties with styrol from storax. Styrol is optically active, 
turning the plane of polarisation S'* to the loft in a layer 100 min. thick, whereas 
cinnamono is optically inactive. Moreover, styrol is more easily converted than 
cinnameno into polymorides under tlio influonco of hetit and of chemical rcagenU ; 
and when mixed with 1^ t ime its weight of strong sulphuric, acid it givifs off a larger 
quantity of heat, viz. 30,000 heat-units for the mohH'ule whereas cinnameno givi'S 

only three-fourths of that quantity. But the difl'orenco between the two is purely 
physical; in chemical properties and reactions, and tlicreforo doubtless in the arrange- 
ment of the atoms in thoir molecules, tliey are absolutely identical. 

Cinnameno (or styrol) is pnxluccd : 1. By polymerisation of acetylene. It has In 
fat't the composition of tetracotylene, (C*11’')^ and is formtsl, together with other 
polymorides, when acetylene is heated in a sealed glass tul>o over mercury to tlie 
softening point of the glass. It constitutes about ^ of the liqui<l f»ro<luct thus obhtiruMl, 
pisses over on fractionally distilling that liquid between 135° ami 160°, ami is 
identical in every respect with the cinnameno obtaineil from ciunamal 4 )s (ncrthelot, 
Compt. rend. Ixii. 905, 947 ; soe also Aciri'yi.HNK, p. 32). 

2. When a mixture of ethylene and benzene or diphenyl is passed through a red- 
hot tube (Berthelot, Jahresb. 1806, pp. 646, 648): 

C*H* + C’K* « C»U» -f U» 
and 

+ c*n* « c*n« + OH\ 

3. Together with benzene and several other hydrocarbiins, when ethylene alone 
is passed through a rod- hot porcelain tube (Berthelot, Zeitschr. f. Cficm, [2] iv. 
384). 

4. Together with other hydrocarbons, by passing the vapour of ethyl-bonzone (p. 292) 
through a red-hot tube (Berthelot, ZHtschr. f. CAem. [2] iv. 689); 

C*H»(C»H») = C»H* + H». 

6. By abstraction of HBr from styryl bromide, (C*H*Br) (prfxluced by the action of 
bromine-vapour on ethyl-benzene at the boiling heat), which may bo offecUsi by 
heating the bromide with alcoholic potash to 180®. l/nder these circumstances, the 
cinnameno is at first converted into metacinnamene, and the product when distilled 
yields, above 300®, a mixture of cinnameno with an oxidised body (probably styrylic 
ether, C**H'*0) ; by a second distillation the cinnamono is obtained pure. Cinnameno 
is also obtained, in small quantity and as a secondary product, when styryl bromide 
is heated with s^ium, or when it is made to act on certain salts (alkaline acetates and 
benzoates) at 180° (Berthelot, loe, cit.), 

Heactions. — 1, Oinnamene-vapour passed through a red-hot tube is partly resolved 
into benzene and acetylene its ppxiacts of condensation), according to tbs 
equation OH* «s C*H* + C*H*. — 2. When heated in a scaled tube filled with 
bpdrcffen, it is resolved into benzene and ethylene ; thus : 

C*H* + H* - OH* + C*H* ; and 3(>H» - 4CTI* 

(Berthelot, JaJkresb, 1866, p. 544). — ^8. A mixture of cinnameue and ftkjflms passed 
through a red-hot tube yields lacjge quanUties of benzene and naphthidette, too first 
produced by breaking up of the einnamene mdlacuie, as above ; the second aeeording to 
Ihe equation : 

QSH* o*H« - c>m^ + fim 
H H 
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4, A mixture of cinnainene and benzene rapon^ similarly treated yields anthracene 
as principal product, together with smaller quantities of naphthalene and a hydrocubon 
resembling ^phenyl (JBerthelot, ihi^^ p. 645) : 

C«H« + C«H« • + 2H» 

Clnnamene. Benzene. Anthracene. 

6, Cinnamene shaken up with an alkaline solution of potassium permanganate is 
converted into benaoic and carbonic acids (Berthelot, ibid. 1867, p. 337) : 

C«H« + = C»H«0* + CO* + H*0. 


6. Cinnamene treated with 80 pta. of saturated aqdi^us hydriodio add yields as 
principal product octane,4C*H'*, boiling at 11 5®- 120°, together with small quantities 
of ethane and septane : 

C*H» + lOHI = C»H»» + 61*. 

Cinnamene. Octane. 

C«H» -f 12HI - C*H» + C*H>* + 61*. 

Cinnamene. Ethane. Septane. 

With 20 pts. of the acid, it is converted for the most part into styryl hydride, C^H'* 
(ethyl-phenyl ?), while benzene, ethane, and a resinous hydrocarbon of high boiling 
point occur as secondary products : 

C»H® + 4HI = C«H* + C*H® + 21* 

(Berthelot, Jahresh. 1867, p. 449). 

7. When cinnamene is agitated with a concentrated solution of iodine in potassium 
iodide, and the liquid is then dilutetl with water, a beautifully crystallised iodide of 
cinnamene separates, which dissolves easily in ether and in hydrocarbons, is not 
decomp<jsed by sulphurous acid and sodium carbonate, but splits up spontaneously 
after some time into io<line and a resinous substance (Berthelot), 

8. With Irromine, cinnamene forms the ciy’stallised bromide C^H^Br* (i. 982), 

9. With chlorine, cinnamene yields a liquid product, which is quickly converted by 
strong sulphuric acid into polymeridws, partly volatilising without decomposition when 
heated above 300°, and thorehtro not identical with metacinnamene (Berthelot). 

10. Fuming nitric acid acts strongly on cinnamene, separating a resinous lx>dy, 
and forming a solution which on evaporation deposits a similar resinous substanco, 
insoluble in ether, remaining behind for the most part when distilled with water, and 
not yielding any volatile basic product by di.stillation with iron-filings and acetic 
acid. Other polymorides of acetylene exhibit a similar reaction with nitric acid 
(Berthelot), 

The last four reactions, together with the conversion into metacinnameno by heating 
in closed vessels, are recommended by Berthelot {Bull. Soc. Chim. [2] vi. 295) for 
the detection and isolation of cinnamene. 

For the detection of cinnamene in coal-tar — in which it is likely to occur in conse- 
quence of its formation, as above described, from benzene and other liydrocarbons at 
high teraporatures — the crude light coal-naphtha, not yet trcatetl with strong sulphuric 
acid, is agitated with soda-ley and with dilute sulphuric acid ; then washed and frac- 
tionally distilUnl ; and the portion collocte<l after frequent rectifications between 114^ 
and 150° is heated to 200® for sevenii hours in a sealed tube. The contents of the 
tube are then ilistillod at about 300°, and the residue is more strongly heated, whereby 
a mixtun^ of regenerated cinnamene and difficultly volatile hvdixKjarbons is obtained, 
from which the cinnamene may be separated by renewed ciistillation and tested as 
above. The liquid ptissing over between 144° and 150° wiis found to contain 2 p. c. 
cinnamene. Coal-tar naphtha purified in the ordinary way with strong sulphuric 
acid cannot contain cinnamene, since Uiis hydrocarbon is thereby converted into 
polymeric modifications, which remain in the lose volatile residue (Berthelot, loc. cit.). 

Bicinnamene or i?»s^yro/, is produced, together with carbon dioxide, 

by heating cinnamic acid to i60®-240® with aqueous hydrobromic liiAid (sp. gr, 1’36), 
with hydrochloric acid (sp. gr. 1'12), or with snlphuric acid diluted with 2 pts. water. 
It unites with bromine, forming the crystalline compound C'*H**Bt*. It is not 
converted into metacinnamene by prolonged heating to 200® (Erlenroeyer, Ann. Ch. 
Pharm. cxxxv. 122). 


OSXnrAMPEO AOni. C*H*0*. — Produced: 1. According to Harnitz-Hamibdty 
(Ann. Ck. Pharm, cxi. 1 92), by the action of cblorethylidene (emtained by the action of 
tarbonyl chloride on aldehyde) on barium benzoate : 

C*H»Cl + CFHK)*Ba' « Ba'Q + C»H*0«. 



CINNAMIC A€U>. 


Kraut {ZeiUckr, /. [2] v. 147) did not obUiia cinnamic acid by thi» rctictiou. 

. — 2. By tbe action of carbon dioxide and sodium on bromocinnameno dissolved in etbei 
(just as benzoic acid is formed from bromobenzono) : 

C*H’Br + CO» + Na* - NaBr + C»H»0*Na 

(Th. Swarts, Ann. CH. Pharm. cxxxvii. 229 ; BulL Soc. Chim. [2] vi. 61). 

3. By the action of bromine on hydrocinnamic acid (Glaser, JaJkrwb. 1866, p. 867) : 

+ Br» = 2IIBr + C®II*0*. 

The decomposition of cinimmic acid by fusion with potash into benzoic and acetic 
acids, with evolution of hydrogen (i. 984), according to the equation 

C*H‘0» + 2KOn C’n*KO« + CGI»Kb* + IP, 

IS analo^us to that of the acrylic acids (p. 41), and shows that cinnamic acid may 
be regarded as phenyl-acrylic acid : 


' (CH7 

b 

lOH 

Acrjllo. 



This view of its constitution is also in accortianco with its formatlt)n from acetyl 
chloride and benzoic aldehyde (i, 983), and from chlorcthylideno and Iwirium benzoate. 


Rrcutions. — 1. Cinnamic acid shaken up with tinnier and sodium -mnaUfam^ in the 
proportion of 1 at. stalium U) 1 mol. cinnamic acid, is ©inverted into hydro- 
cinnann'c acid, (ICrlenmoyiT, Aun. Ck. Phann. cxxxvii. 227). — 2. It is 

also convert imI into hydrocinnamic acid by heating it to 100® with very sl r<jr»g a<juoou« 
hydriodic acid (PopcjAT, Zeitschr.f. Chem, [2] i. Ill) : 


C®H*0* + 2IH -e V. 


3. When gradually heated to 190^-200® with hydrock/oro' arid, it yields an Indif- 

ftTont chlorinat€<l oil, probably t-ogether with carbon dioxide; and reacts in 

like manner with hydrofironiw acid (Schwarts, loc. cii.). Acconiijig to lOrlenineyer, 
hvilrochloric acid of sp. 11 2 and hydrobromic acid of sp. gr. 13*'> convert it at 
150^-240^ into d i cin n amon c, C’*!!**. 

4. Hetited with water to 180'’-200'’ for about a week, it is decomposeil, with 
formation of cinnamene (Schwarts). According to Erlenmcyor, it is not flecom|Mjhe<l 
by heating with water to 230^, but when heated in the dry state to 210®, it slowly 
gives off carbon dioxi<le. 

6. liromine-vapour is absorbed by cinnamic acid at ordinary temj>emturc8 or at 
100®, with formation of dibromo-hydrocinnamic acid, C*H''Br*0* (A. Sehniitt, 
Ann. Ch. Pharm. cxxvii. 319), 

6. Cinnamic acid unites directly with hypochlorova acid, forming phenyl -ch loro- 
lactic acid, C®H*ClO*: 

C>H»(C*H»)0* + HCIO - C*U«(C*lP)ClO» 

Fbenyl-scrylic. FbenylK^hloroiait'tic. 

With free cinnamic acid this* reaction does not take place very readily ; but when 
chlorine is passed in a slow stream into a dilute solution of cinnamic acid in s^idium 
Carbonate till the liquid loses its alkaline reaction and acquires bleaching prop<irtiea, 
phenyl -chlorolactic acid is easily formed. The solution froe<i fr»;m excess of cnlorino 
and hypocKlorous acid by sulphurous acid, and then treateil with hydrochloric acid, 
yields phenyl-chlorolactic acid in prismatic crystals. This acid treated! with sodii^m- 
amo/^unt is converted into phenyl-lactic acid, or phenyl-oxy pro- 

pionic acid, C®H®(HO)0*, which, when ireate<l with hydrochloric, hydrobromic, or 
hydriodic acid^ J *dtes up Cl, Br, or I in place of HO, forming ph cny I -ch loropro- 
pionic acid,^v^*ClO*, &c. In like manner, phenyl-chlorolactic acid, C*fPCIO* 
or OH*(HO)CIO*, treat^' with hydrochloric acid., takes up Ci in place of HO, 
forming phenyl-dichloroprop ionic acid, and similarly with hydros 

bromic acid it forms pheny l-chforobromopropionic acid, C®H*ClBrO*. Lastly, 
phenyl-chlorolactic ac^, treated with alkalis, yields a chloride of alkali -metal, Ujgether 
with phenyl-oxyacrylic or oxyci nnamic acid : 

C*H*C10» + KOH C®H*0* ^ KCi + H*0. 

Tbe relation of these sereral derivatires to einnaime aetd is exhibited by tiiefblknriiif 
ibrufifas: 
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Phenyl-acrylic (cinnamic) acid . 
Phenyl-chlorolactic acid . • 

Phenyl-dichloropropionic acid . . 

Phenyl-bromochloropropionic acid . 

Phenyl-Jactic acid 

Phenyl'Chloropropionic ^id . _ • 

Phcnyl-oxyacrylic (oxycinnamic) acid 


C*H*(Cl*)o* 


C«H».CW(0)0" 


lO* 


■Rrnminated and iodatod compounds analogous to the chlorinated bodies in the above 
are formed by precisely similar reaxjtions, and the monobrominated and niono- 
^fl/Ltod nropionic acids are also converted by alkalis into oxycinnamic acid (GIhsit, 
Afw Ch. Pharm. cxlvii. 78; Ziitschr. f. Chem. [2] iii. 05; iv. 131 ; Jahresb, 1867, 
p 118). Por details respecting these acids, see I^ctic Acid and Propionic Acid. 


Bromocitmamlc Acid. C^H^BrO^ (Glaser, Ann. Ch. Pkartn. cxiiii. 32.5: 
Jakresb 1866 p 367). — When bromine acts at ordinary temperatures on hydrociDnunnc 

ncid. two hrominatcd acids are formed by successive substitution, viz. iiml 

the latter of which is isomeric with the dibromide of cinnamic arid (or 
dibromo-Jijdroidnjiamic acid), which Schmitt obtained by direct addition of bromine 
to cinnamic acid (p, 407). This dihrominated acid treated with alcoholic pnOish 
solution gives up IlBr and yields two isomeric monobromocinnaraic acids, CTI^BrO-, 
To prepare these acids, the crude product of the action of bromine- vapour on cinrjainic 
acid is dissolved in a small quantity of boiling alcohol, and an alcoholic solution of 
puUi.sh is added to it by portions in slight excess. It then deposits’, first, white crystal- 
line flocks of a-bromocinnamic acid, then an oily mixture, and ultimately nearly pure 
f9-bromocinnamic acid ; the complete sepanition of the two isomeric acids must bo 
effected by fractional precipitation. 

orliro mo cinnamic acid, C®lPBrO*, separated from its ammonium salt, cryst.il- 
lises from boiling water in long shining four-sided needles, soluble in all proportions 
of alcohol, easily soluble also in alcoholic ether, less soluble in pure ether. It melts 
at 130^-131°, crystallises in needles on cooling, and distils for the most part without 
decomposition. The amynonium salt C^lI^BrO^.NlP forma flat noodles generally 
united in arborescent groups, moderately soluble in water and in alcohol. T)io 
potassium salt crystnllisea in needles easily soluble in water and in alcohol. The 
silver salt C*lI“BrOG\g is sparingly soluble in water, and is resolved by heating witli 
water to 150° inb) the free acid and a basic salt, without formation of silver bromide. 
The barium salt (C*]I®BrO’')^Ba crystallises in thin rlunnbic laminse, slightly Bolul>le 
in cold water, insoluble in alcohol. The zinc salt forms laminm easily soluble in hot 
water ; the cadmium salt largo flat shining prisms ; the lead salt crystallises from 
hot water in thin rhombic laminae. 

a-Bromociunamic acid is converted by contact with bromine into an acid rudier 
in bromine, melting at 132°, and ciysbillising in needles. By sodium-amalgam it is 
converted into hydrocinnamic acid : 


C'H’BrO* i- 2n* « lIBr + 


0-Bromocinnamio acid, C*H’BrO*, purified by fractional precipitation as 
above mentioned, is a light snow-white pow’der composed of six-sided laminai. It is 
easily soluble in boiling water, and sepamtes therefrom in large flat six-sidotl crysUiU, 
from cthor in well-defined thick prisms. It melts at 120°, and is converted by 
distillation or by boiling with fuming hydriodic acid into a-bromocinnamic acid. 
Heated to 180° with weak soda-ley, it is resolved into carbon dioxide and a non- 
brominatod oil boiling at about 160®. It is also converted by sodium-amalgam into 
hydrocinnamic acid. Its salts are totally different fn>m those of the a-acid. The 
potassium salt C®H*BrO*K forms slender very deliquescent needles easily soluble in 
alcohol. The silver salt C*H*BrO*Ag is a white cunly precipitate, which becomes 
crystalline on standing and is decompf>8od by boiling; at 120° it is resolved into the 
free /3*acid and a Imsic salt ; at 170° into a-bromueinnamic acid, carbito dioxide, silver 
bromide, and an aromatic oil. 

3-Bromocinnamic acid exposed to the action of bromine-vapKJur is converted into a 
crystalline acid richer in bromine, which melts at 45° and 48°, and is decompose<l by 
boiling water, with formation of a volatile oil having an odour different from that of 
the acid itself. 


S^ydrooinnamlo JLetd. C*H'*0* ff&motoluw acid, Cumoyfic acid, Phent^- 
pTopionto acid (Erlenmeyor, Ztitschr. Ch. Pharm. 1862, p. 170; 1863, p. 307; 
Iheitschr. f. Chem. 1866, p. 206; Ann. Ch. Pharm. cxxxvii. 327. A. Schmitt, tM. 
Ozxvii. 318, Popoff, Bull, Soc. Chim. [2] iv. 375. Fittig, Zeiiackr. /. Chem. 1869, 
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P This acid, isomeric with xylic, and homolo^us (in composition at least) 

wtii boittic acid, is produced: 1. By the action of sodium-amalgam on cinnamic nci<I. 
Pulverised cinnamic acid is agitated in a stoppered vessel with 20 to 24 times its 
weight of water and a quantity of sotlium-amalgam containing 1 at. sodium to 1 mol. 
cinnamic acid, till the liquid becomes neutral or nearly so ; a second and somewhat 
larger quantity of sodium-amalgam is then addetl ; and tJio reaction is continuctl, 
with frequent agitation, till hydrogen gas is given off in regular bubbles. The 
resulting sodium salt is then neutralised with sulphuric licid; the solution is 
evaporated; the mother-liquor decanted from the crystallisetl siKlium sulphate is 
supersaturated with sulphuric acid ; and the hydrocinnamic acid which sejvivrates ns 
an oil, but 8o<jn solidifies, is pulverised, washoil with water, then distille<i, and 
dissolved in boiling water, from which it separates at low tempemtures in m^lles, or 
from a solution saturated at the boiling lieat, as an oil which afterwanls solidifit'S 
( P^lcnineyer). 

2. By the action of sodium-amalgam on dibromohydroeinnamic acid, 
which is produced by direct ad<iition of bromine tf> cinnamic ncid (Stdiniitt). 

3. By heating cinnamic acid with concentrated hydri(j<lic acid : (.'•11*0® •+• 2lll •“ 

+ I» (Popoff). 

4. Fntm ethyl-benzene, by passing chlorine into that com pm nd at 

the boiling hcaV, whereby it is cx)nvorte<i into phenyl ■ et liyl chloride, C'^ll V ('li'-'tJH^Cl ; 
converting this chloride into the corresponding cyanide by heating it with potassium 
cyanide and alcohol in a fiask provided with an upright comlensing tube ; ami heating 
tile dtvantod alcoholic solution of xdionyl-ethyl cyanitle with solid caustic, potfw^h in a 
.'•imilar aiiparatus as long ns ammonia is given off. On subsequently tlistiUing off 
tJje alcohol, acidulating the remaiiung liquid with suljdmrie acid, repeate<lly agitating 
with ether, and distilling off the other from the ^suiting solution, a yellow liquid 
a.dd is left, which solidifies after standing and repea^^'<l agitation with cold water. 
Bv converting this acid into a calcium salt, and <lee<»npo.sing the latter with hydro- 
chloric acid, an acid is obtained i<lenticjil in every resjx'ct witli the hydrocinnamic 
acid obtained by the preceding methods. Its forniation fn»m pbenyl-eUiyl cyani<lo 
is rcprcsonttxl by the equation : 
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cm* 

ill* 

All* 

1 + 211*0 « 

NH* + 1 

CE* 

CH* 

An 

I 

(’ooir 

Phcnyl-ethyl 

ITplr^v'Jnrmmlc 

cyanide. 

acid. 


This reaction is exactly Mmllar to that by wliicb ethyl cy.inlde is c<a)verto<l into 
jiriipionic acid, and shows that hydrocinnamic acid has tlie constitution ol jihcri^l- 
propionic acid (B'ittig). i 

Hydrocinnamic acid melts at 47° (Krlenmcyer), at 46 o'" (bittig), and boils at 2K0 
under a pressure of 754 mm. (Krlenmeyor). Its vapours c/indenso to n liquid, which 
when at perfect rest maybe cooled to 25'^ without solidifying; but when touched 
with a solid body immediately wdidlfies to a radiate masH of long ntsdles, the 
temperature at the same time rising to 42'^. It dissolves in 168 pts, water at 20 , 
much more easily in boiling water, and volatilises witli vapimr of water; it dissolves 
in alcohol, and separates therefrom in prisms apparently tadonging to the moTiocluiic 
eystem ; also in ether, chloroform, benzol, carlxm bisulphide, and glacial acetic acid. 
Its salts are mostly crystallisable, and the solution of the potassium salt is not 
precipitated by salta of calcium, barium, magnesium, nickel, cvdialt, or manpiTU^e ; 
with silver nitrate, zinc sulphate, cupric nitrate, mercuHc chloride, feme chloride, 
and chromic chloride it gives flocculent precipitates ; with lead acetate a gJutinoiis 
precipitate. The silver salt mi*0*Ag crystallises from water in nacrof>us laraiwe ; 
the potassiwHt hariumt ealdum^ and lead salts in needles ; the aopper s<w/ is a pale 

alt dried over sulphuric acid contains, 

liquid having a peculiar odour, a s 
>Uing at 238®-239®. The sialic 
sp. gr. of 1 0343 at 0^, 0*9926 at 49°, 
has a faint and stupefying 
V and boils at 29l°-298°. 
acid mixture, gi^itig olT carbon dioxide 



green powder (Erlenmeyer). The calcium s 
according to Fittig, 2(C*H*0*)*Ca.3H*0.^ 
Methyl hydroeinnamate^ C*H*0* . CH*, is a 
of 10456 at 0° and 10180 at 49°, and be 
0*11*0* . C*II* smells like pine-apples, has a 
and boils at 247^-249'’. The amyluf ether C* 
odour, a gp. gr. of 0 9807 at 0°, 0 9520 at 49° 
Hjdzo^namic acid is oxidised by chromic 
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even at ordinary temperaturee* and on distilling the liquid benzoic acid ig given off 
together with an oily body. Heated with eoda-lime or potassium hydrate, it gives off 
first benzoic acid, and afterwards a yellow liquid containing hydrocarbons (toluene), 
and perhaps also ketones (Erlenmeyer), 

B ihromchy dr 0 cinnamic or Bibromo -phenylpropionio acid, C*H*Br*0* 
is formed by direct combination when bromine- vapour is passed over cinnamic acid 
at 100°; liquid bromine is less readily absorbed. The brominated acid is insolublo 
in cold water, easily soluble in ether and in alcohol, crystallises from the latter in 
coI->urIess rhombic laminae, has a bitter taste, and is not volatile without decom- 
position. Its bariitm salt .(C»II»Br202)2Ba, obtained by saturation, is easily 
decomposible, dissolves readily in water, aclohol, and ether, and crystallises in 
microscopic four-sided plates. The mdium salt C'^H-Br'-^O^Na is somewhat more 
stable; its solution gives precipitates with lead acetate, stannic chloride, and merciirms 
nitrate. The acid, C^ii*B^O=', boiled with water, gives off a neutral brominated oil 
having an odour of hyacinths, and the residual liquid deposits a crystalline IkkIy 
difficult to purify, but probably consisting of C^H^BrO^. The dibrominated acid ‘is 
converted by sodium-amalgam inte hydrocinnamic acid, together with a small quantity 
of another acid (not yet analy8c<i), which is soluble in water and crystallises in 
huge prisms (A. Schmitt, loc. cit.). 

Oxyclnnamlo or Plienyl-oxyacrylfc acid, C°1P0’ = C«II\ C»H»(0)02 or 
C“H\ C^H-'(H0)0», is produced by the action of alkalis on phenyl-chlorolactic or 
phcnyl-bromolactic acid (p. 167). To prepare it, the alcoholic solution of the 
chloiinaiod or brominated acid is stirred up with an alcohrdic solution of potash, 
soda, or ammonia, in sufficient quantity to render the liquid alkaline; the precipitate, 
consisting of metallic chloride or bromide, togctlier with a salt of oxycinnamic .acid, 
IS collected on a filler attor a few hours, washed with cold alcohol, ami then dige.sted 
with boiling alcohol, wliich dissolves out the oxyclnnamato, and deposits it in tlio 
cooling. Irom the moderately dilute solution of this salt, tlio 
I A precipitated by a stronger acid, as an oil wliii li when cooled nearly to 

0 solidifies in shining crystalline spangles. It i.s very unstable, changing soon after 
preparation into a resinous sul.stance, with evolution of carbon dioxide, and being 
resolved by boiling with water into carbon dioxide and a volatile oil, probably oxy- 
Cinnamene, C^IPO. It is rosinised by heating wdtJi hydrochloric or hydrobrornic acid. 

1 otassiuin oxi/cinnamate, C*H'0®K, forms nacroou.s lamiiije easily soluble in hot 
water, but gradually decomposing in tlio aqueous solution into carbon dioxide .and a 
colourless rosin. The sodium salt C*II»0»Na crj'stallises in tufts of flat needles; 
the ammomum salt in small prisms. The silver salt C'H’O^Ag is sparingly 
soluble, and may bo obtained by precipitation, or directly from phenyl-cblorolactic 
acid by slightly sujiersaturating with ammonia, and cautiously adding silver nitrate, 
so as first to decompose the ammonium chloride in the solution, and then precipitate 
the silver oxycinnamnte from the filtrate. From a solution in boiling water, prcpare^l 
in the d^k and rapidly cooled, it is deposited as a crystalline powder consisting of 
six-sided Jamin®, easily altered by heat and light. The barium salt is obteined by 
double decomposition as a white precipitate which crystallises from Ixiiling dilute 
alcohol in small needles. The ethylic ether C*H’0> . C*H», formed by the action of 

® agreeable fruity odour, and boiling at 

27 J o (corr.), with partial decomposition. When boiled with baryta-water it is 
clecom posed, with separation of barium carbonate. 

1 Add. C^IPOS.-Cinnamyl chloride, CTFOa, acts strongly on 

lead sulphothylnte (ineivaptide), forming lead -chloride, and an oil soluble in ether but 
insoluble m water, which boils with partial decomposition at and when l»oile<l 
with alcoholic potassium sulphydr.ite, gives off mercaptan, and yields crystelline 
nodulm of potassium thiocinnamate, mVOSK (Engelhaxdt, Latschinoff a. Ma'lvschcff, 
Zextschr. f. Chem, [2] iv. 369). * 


OZinVAanO STHSAS, Fjhyl Nitrochnwmale, C*H*(N0^)0*. C»H^ is easily 
priiducM by disTOmng ethyl cinnamatc in very eoncentrateci nitric acid. Tro?ite<i 
with tin a^ hydrochloric acid, it yields colourless crystals consisting of a 

hydrochloride of ethyl amido-cinnamate. 

(NH H .HClj.SnCI^ + 3aq., which, when freed from tin by hydrogen 

sulphide, yields <»lo«rles« crj-stals of the hydrochloride of ethyl amidochmamale 
(J. v, Rossum, Jahresb. 1866, p. 365). 


Bensyl Cinnamaie. « C»H^O».C»H'. annonmn (i. 980).~Thui 

ether is obtained in the pure state by boiling a mixture of lienzyl chloride, alcohol, and 
veil-dried sodium cinnaroate in a flask with upright condenser for several hours, UU 
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no mow Bodimn cinnamaU separatoa out on cooling. On distilling off tho alcohol, 
adding water, washing the pasty precipitate with an alkaline solution to remove 
free cinnamic acid^ then agitating with ether, and evaporating the ethereal 
solution over the water-bath, an oily liquid remains, which when distilled in a vacuum 
yields at 100^ a thin mobile liquid (benzyl alcohol and benzyl chloride), and between 
226® and 23.5® benzyl cinnamate in tho form of a thick oil, which gradually solidilliw 
at 0®, and may be <»mpletely purified by dissolving it in alcohol at a temperature 
below 40® and cooling the ^lution to a low toniperaturo. It is always partially 
decomposed during preparation into cinnamic acid and benzyl alcohol, the quantity 
thus dcct^mposed being greater the longer tho heating is continucnl. 

l^ire benzyl cinnamate forms short, shining white prisms having a plcawint 
aromatic odour ; it melts at 39®, and may thtm remain licjuid for soyornl hours eyen at 
0^. At about 360® it decomposes, with formation of cinnamic acid and oily sub- 
stances. It dissolves easily in alcohol and other, and is quickly dwomposed by 
alcoholic potesh, even in the cold. Fr^mys melacinnameVn (i. 980) is pnibably pure 
benzyl cinnamate (Grimaux, /. C7^m. [2] v. 167). 

According to Dolafontaine {ibid. p. 156), the cinnainein obtained from T’eru balsam 
is a mixture of benzyl cinnamate and cinnyl cinnamate or styracitn Wluui heated 
witli alcoholic potash it yields potassium cinnamat*^, anil an oil* which is resolviHl for 
tlie most part % fractional distillation into ben/.ylic and cinnylic alcohols. 

CZirjrAMZBfi. C'lPNO » C®n^O.NIP, is most wmyeniently preparcHi by 
trcjiting cintjamyl chloride with concontratoil mjneous ammonia, washing tlm resulting 
(Tvstallino pulp with cold winter, and roorystalli.sing it from boiling water, from which 
if separates by slow cooling in dazzling white crystals ; from nlcoliol it crystaUises in 
needles; in ether it is but sparingly soluble. It is inodorotis, has a faintly bitter 
taste, melts at 141T>®, and when boiled with hyilrochloric acid appears to form an 
unstable hydrf>chlorido. Boiled with mercuric oxide, it yields white pulverulent 
mercuric clnnamide, (('!*H®NO)®Hg (J. v. Hossum, Zrifsrkr.f. Chem. [2] ii. 362). 

Thixeinvamidf^. C*H*NS = C*IPS.NIP, separates on tr»>ating an ammoniacal 
solution of cinnamonltrile with hydrogen sulphide and evaporating, and crystallises 
from water in yellow laminar crysbils (v. Hossum). 

CZirirAMOiriTitXltlS, C*H^N, is produced by beating cinnamida with an 
c^juivalent quantity of phosphorus penUvchloride, distilling off the resulting phos- 
j)horu8 oxychloride, and heating tho residue with pUash. Jt crystal tises at low 
temperatures, molts at 11®, lK)iIs at 264®- 26.5®, dissolvos easily in alcohol, but is 
insoluble in water (v. Hossum). 

cmiAOBTZC ACX]>« A tribasic acid formed, tegidher with acoconltic acid 
(p. 2), by tho action of sodium on heated ethyl bromacetate. Its com[)ositif)n has 
not been determined, but appears not to differ much from that of acceonitic acid. Its 
trdfaric salt has a strong alkaline reaction ; the si/tvr and Imd salts are amorjihoiis 
precipitates soluble in water (Baeyer, Zeitschr. Ch. Pharm. 1864, p. 712). 

OmtACOnC ACZD. C*H*0^ = (C*IP)'’(C0*1I)*. — Tliis, like tho is<inioric 
comprmnds itaconic and mosaconic acids, is a bibasic acid, having two unsaturated 
units of affinity, and therefore capable of uniting directly with 2 nt . hydrogetj, chlorine, 
bromine, iodine, &c.., or with 1 mol, HCl, HBr, HCIO, &c., (hereby pPo<lucirig HaturaUsl 
compounds. Treated with water and sodinvi^amalgam^ it takf^s up 2 at. hydrogen and 
is converted into pyrotartaricacid, C*Il^O*. It unites at onlinary ternpjratnres with 
2 at. bromine^ forming ci trail ibromopyrotartaric acid, C*H'‘Br’‘'0* , isomeric with 
itiubbromopyrotartaric acid(Kckul4, JaArwA. 1862, p. 813). See PyROTARTAitic Acin, 
iv. 774 ; also in this volume. With kydrochforic acid it forms citramonochloro- 
p^Totartaric acid, C*H'C10*, which however is most reinlily formed by heating citraconic 
anhydride, OH'O*, with concentrated hydrochloric acid to 120®. Tho anhydrioo 
heated with fuming kydriodic add is converted into nyrotarteric acid, bat it is probable 
that a mono-iodopjTotartaric acid, C*H^IO*, is forraou as an intermediate product, though 
it has not been isolated (Swarts, Jahresh. 1866, p. 406). A dilute solution of rit.ramnic 
acid neutralised with baryta and agitated with h/poehlorout acidf is converted into the 
l»apium salt of chiorocitramalic acid, C*H’C10* C*H*0* + HCIO (Oariui, Ann. Ch, 

Pharm. cwrri, 185). 

The differsnee of structure between the three isomeric acids, citraiionic, itaconic, and 
mesaconte, hae been explained in the article Acme, OnoAinc, pp. 48, 48, 
Citraconates, — The acid barium snff (C*H*0*)*Ba crystallises in fine silly needles. 
The neutral barium salt 0*H*0% (at 100®) is depwited SJ a c^stalline powder on 
cooling a solution of berlnm carbonate in eitraeonic acid. This acid ealdum salt 
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(0*H*0^)*Cft + 8&q, forms laminag permanent in the air, blackening and decompoeia* 
at 140®. The neutral salt is obtained as an amorphous powder on evaporati^tho 
acid saturated with lime-water ; and on dissolving this powder in the exact qu^tity 
of water required, at ordinaiy temperatures, and leaving the solution to evaporate, the 
salt separates in step-shapj^ or radially grouped n^le-shaped ciystalshaving s 
nacreous lustre and consisting of C*H^O<Ca + 6aq. (Kammerer, Zeitschr. f. 

[2] V. 262). The acid lead salt (C*H*0<)*Pb (at 140®) separates in small yellowish 
crystals from a solution of the neutral salt in a large excess of citraconic acid. The 
neutral lead salt C*H*0*Pb is obteined on adding lead acetate to citraconic acid con- 
taining a little ammonia, as a white precipitate becoming crystalline on boiling. The 
crystals are anhydrous. The mother-liquor on cooling deposits a brown powder 
containing 1 mol. H*0. The precipitate formed by neutral lead-acetate in a neutral 
solution of ammonium citraconate appears ^mmy when dried, and contains 2H*() ; 
when boiled ‘in the liquid it is converted into the anhydrous crystalline salt. On 
dropping a solution of an alkaline citraconate into a boiling solution of basic lead 
acetate, a crystalline pulverulent basic lead salt is precipitated, which is nearly 
insoluble in water, and contains C*H<0<Pb.PbO (Otto, Jakresb. 1863, p. 384). Acid 
strontium citraconate^ (C*II*0*)*Sr + 3aq., forms la,rge colourless prisms, often truncated 
on the longitudinal edges. The neutral salt crystallises in a confused mass, and 
effloresces during the evaporation of its solution. 

CZTRXC il.CZX>. C*H*0' (C*H*)‘' j (OOOH)*' — obtain an exportable material 

for the manufacture of citric acid, Ferret {Bull, Soc, Chim. [2] v. 42) treats clarified 
lemon-juice with excess of magnesia ; washes the resulting insolublogranulo-crysbUIino 
m^nesium ^It with cold water; redissolves it in hot lemon-juice ; and evaporates the 
solution rapidly, whereby a bibasic magnesium citrate, C*Jl'*0’Mg'', is obtained in a 
form convenient for exporUtion to the manufaetories. G. Schnitxor Centr. 1868, 

p. 272) recommends that the warmed fresh lomon-juico be mixed with a quantity of 
lime or chalk not quite suffleient to noutraliso the acid reaction, because an excess of 
lime likewise precipitates those constituents of the juice which excite fermentation ami 
occasion loss of citric aoid. The calcium citrate precipitated as above may, after once 
washing and I’apid drying, be kept for a long time without decomposition. F. Rowe 
{Chem, News, xiii. 40) dilut^ the concentrated lomon-juico imported from Sicily with 
water, to facilitate the clarification. Ho also removes the injurious excess of sulphuric 
acid which accumulates in the concentrated solutions of citric acid obtained by dew^m- 
position of the calcium salt, by renewed treatment with lime, whereby flocculent 
matters consisting of gjT)Sum and phosphates, wliich interfere with the crystallisation, 
are likewise removed. A great improvement introduced by E. A. Pontifex in the 
manufacture of citric acid (also in that of tartaric acid) is the use of a vacuum-pan for 
the final evn^ration of the solutions (see Richardson and Watts’s Chemical Technology^ 

Becomj^sitions . — Citric acid heated to 160® in a sealed tube for several days with 
8 to 10 times its weight of water is slowly resolved into itaconic acid ({wrhaps with 
small quantities of mcsaconic acid), carbon dioxide, and water ; the decomposition is 
accelerated by the presence of sulphuric iwid : 

OH’O’ » C*n«0* + CO* + IPO 
(Morkownikoflf a. Purgold, Zeitschr. f. Chem. [2] iii. 261). 

Kobiquet showed that when strong sulphuric acid is poured upon dried citric acid 
carlxm monoxide is evolved, but that if the temperature be raised above 40*=’ acetone and 
airbon dioxide are given off (i. 996). If the liquid be freed from sulphiric acid Sy 
lead ^rbonate, and tJie filtrate partially saturated with barium carbonate, the resulting 

fontHinmK 

' . , ^ acetone bo left out of consideration, the decomposition of citric 

acKl by sulphunc acid may be represented by the equation : 


3C»H"0" -I- 2IPSO* « 2C*H''SO* 6CO» + 3CO + 6H*0. 

The solution of the acid barium salt heated with baiyta-water becomes turbid, 
from separation of barium carbonate, and the filtrate, freed from excess of baryta by 
car^nic acid and a second filtration, yields by evaporation white needles of another 
barium salt, (C*H*SO*)®Ba (C. Wilde, Ann, Ch, Pharm, cxxvii. 170). A solution of 
citric acid in absolute alcohol treated with sodium is converted into the sodium salt of 
hydrocitric acid, (Kammerer, Zeitschr./. Chem. [2] ii. 709). 

According to Chapman a. Smith {Laboratory, i. 39), a solution of a citrate boiled 
with stTongly alkaline potassium pernmnganaU rodocos tlie latter only to 
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the liquid graduAlIy acquiring a permanent green colour^ whereas tartrates under similar 
circumstances reduce the permanganic acid to manganese dioxide, which is precipitated. 
Acconling to Wimmel, on the other hand {Zeit^hr.f. Chtnt, [2] v. 286), citrates effect 
the Induction to manganese dioxide as well as tartrates, only more slowly. 

Constitution and Basicity. — Citric acid contidns 4 atoms of replaceable hydrogen, 
of which three are easily replaced by metals, the fourth only by acid radicles, such as 
acetyl (p. 38): hence it is regarded as tetratomic and tribasic, and represented by the 
formula 

H 

u— i— co-oir 

UO-C-CO-OII 
n— i— CO— on 

A 

A few quadri metal lie citrates are however known, and ncconliiigly citric acitl is by 
pi lUio chemists regarded as quadrlbasic. According to Schiff {Juhrrsfi. 1802, p. 312), 

a cjimdribasic cupric salt C^II^O'Cu^ [Cu* = H^] is prcxlucod by drying the ordinnry 
biiHic salt (C’H*0’)^Cu*. Cuir^O'^ 4- 2aq. (i. 998). The same chemist doscribos a ferric 
ciiiate, C*‘ir^FeO*, or perliaps C*ll*(FeOy’0*, obUinofl by (iesiceation of the pbarma- 
Ci'utical ammonio-citrato of iron. By dissolving ferric hydrate at 60*^ in citric acid, a 
brown liquid is obhainod which dries up to the normal ferric salt (( '''n'0’)‘(Fe'‘‘)’* + Gaq. 

An amorphous hiplumhic salt C"lI’OU^b* + a<p i« obtained by dropping a 
neutralised or nearly ncutralisod solution of citric acid into excess of a boiling solution 
of ])ueic lead acetate, boiling the solution for several hours, w'ith atldition of do-aerated 
wati'r, and washing the precipitate by decantation : it gives off its water at 200*^. A 
hask salt (C®iP0^)'^Pl)*.2ri)0 + 3aq. (at lOO*^) is ol^tainml by Isiilirig ammonium 
citrate with basic load acetate for sovcnil liours; it gives off its water at 160® 
(11. Otto, Ann. Ch. Vharm. cxxvii. 175). 

Yttrium Citrates.— T\\(i tri-ytlric salt (C'H'OO^Y* + I4aq. is obUined on mixing 
SfKlium citrate with yttrium acetate, as a bulky crystalline precipitate, soluble in excess 
of the sofiium salt, more soluble in cold than in hot water, easily solublo in dilute 
acetic acid, mineral acids, ammonia, sal-ammoniac, cold ^wtash-loy, and, wlnm recently 
prec pitatod, also in warm aqueous citric wid. On heating the citric mid solution to 
boiling, a tri-yttric citrate sepamtes out with 7 mol, water ; and on evaporating the 
same solution at a tampenituro not above 30®, the di-ytlric salt 0*11*0’' Y* + 4aq. 
crystallises out in small laminse. 

An ammonio-lmmulh citrate, used in minlicine, is obtained l»y diswdving preci- 
pitated bismuth citrate in aqueous ammonia (not in excess) and leaving the solution 
to dry upon glass plates. It then form.s translucent cnists, said to conUvin 
t’'*lI‘«0’*.Bi’0’(Nll*)-0 4- 5aq., or perhaps (C«lFO')*(Bi*0/’(NU’)* Gaq. (N. O. 
Bartlett, Chem. News, xi. 28). 

Observations on the composition and crYstalline forms of several citrates have lately 
been published by H. Karamoror {Zeitachr. f. Chem. [2] r. 234). 

FAhylic AcetyUitratr, = is formed by healing 

1 mol. ethyl citrate, with 2 mol. acetyl chloride, C»Il*OCl, and 

remains, after driving off the volatile pro<lucta, as a yellowish oil, not miscible 
with water, but easily solublo in alaihol and other. It docs not solidify at —20®; 
distils, for the most part unalUred. at 288® (<y»rr.). By boiling with potash it is 
rf'solved into alcohol* acetic acid, and citric acid (Wislicenus, Ann. Ch. Pharm. cxxix. 
175). 

Hydrocltrlo Add. C*I1»*0* (Kamraerer, Zeitsekr, /. Chem. [2] ii. 709).--The 
sodium salt of this acid is produced by leaving a saturated solution of citric acid in 

absolute alcohol in contact with small pieces of sodium (3 mol. sodium to 1 mol. of 

the acid) for several days, or by the action of sodium on citric acid suspended is etheir 
perfectly free from water and alcohol. On evaporating off the alcohol or ethw* 
diseolTiog the e^ium salt in water, precipitating with lead-aeetate. deoompoeiitg 
lead-salt with hydrogen sulphide* and evaporating the fllir^ over solraitrie eeid^ 
hydrocitric acid gi^ualiy separates in a mass of smaU prinns g^uaUy hee^niag 
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opaque and assuming tho aspect of porcelain. It is inaoluble in alcohol and ether, 
melta at 100®, cryatallises a^in on exposttre to the air, and then deliquesces. The 
solution gives with lead acetate a white amo^hous precipitate, becomii^ crystalline 
when warmed, insoluble in water and in acetic acid. The neutralised acid gives white 
precipitates with the chlorides of calcium, barium, and zinc, pale green with cupric 
sulphate, light yellow with ferric chloride. 

Hydrocitric acid is tribasic. Its sodium salt 2C*H^O’’Na* + 6aq. crystallises in 
rhombic prisms; ihe.harium salt contains (C*H^O’)*Ba* + 6aq., the calcium salt 
(C*H^O^)*Ua® . 6aq., the lead salt (C*H^O’')^Pb* (at 100®). The silcer salt C®H^O^Na* + aq. 
(at CO®) is amorphous, easily reducible, and melts to a viscid mass when heated with 
water. 

Hydrocitric acid yields by dry distillation a p3nro-acid, forming a deliquescent 
potassium salt, which is precipitated by barium chloride, but not by Ciilcium chloride ; 
it.s lead-salt melts under boiling water to a viscid liquid. 

COBALT. Atomic Weight. — Kussell {Chem. Soc. [2] i. 51) has determined the 
atomic weight of this metal by reducing the monoxide CoO (prepared by strongly 
igniting cobaltoso-cobaltic oxiefe in a stream of carbon dioxide) to the inebillic state in 
an atmosphere of hydrogen. The moan of a considerable number of experiments gave 
for the proportion of metal in tho monoxide, 78*5926 p. c. ; whence Co = 58*71. IVlnre 
recently {ihid. vii. 294), by dissolving mcUllic cobalt freed from oxide by strong 
ignition in a stream of hydrogen, in hydrochloric acid, moa.suring the quantity of 
hydrogen evolved, and reducing it to w'oight, Kussell has found for the atomic woiglit 
of cobalt, Co a= 68*76, a result which may bo regarded a.s identical with the former. 
Sommaruga (Pogg. Ann. exxx. 303 ; Jahrr.sh. 1866, p. 244), by igniting coballous 
chloride in hydrogen, obtained the number 59*93, a result agreeing nearly with tli.it 
which Schneider obtained {Pogg. Ann. ci. 387 ; Jakresh. 1857, p. 225) by determining 
the proportion of cobalt ami carbon in pure cobaltous oxalate, viz. Co 60 01. 
C. Winkler {Zciischr. anal. Chem. vi. 18; Jahresh. 1867, p. 289) determines the atomic 
weight of cobalt by dissolving a known weight of the pure metal in excess of a neutral 
solution of auric chloride, and weighing tho gold thereby separated ; the react ion is 
expressed by tho equation, 

8Co + 2AuCP =» 3CoCP + 2Au. 

The mean of five experiments gave Co = 68*992. Hence Winkler concludes that tho 
whole number 69 may be retained as the correct expression of the atomic w’eight of 
cobalt. 

The following table exhibits all the values which have been given for tho atomic 
weight of cobalt : 

(1826) Rothoff 69*02 (1863) Russell 68 74 

(1866) Marignac|gg ;®2 (1867) Winkler 68 922 

(1869) Dumas 59 08 (1869) Russell 6878 

(1867) Schneider 60*01 (1866) Sommaruga 59 93 

Usactions of Cobalt Salts. — According to J. Bersch {Zeitschr. f. Chem, [2] iv. 308), 
the cliange of colour from red to blue which cobalt salts exhibit when heated, depends, 
not on difference of hydration, but on the formation of isomeric m<xlification8. (See 
CoBAnT Chiairidbs, p. 476.) 

1. A solution of a cobaltous salt mixed with 2 or 3 vol. strong hydrochloric acid 
acquires a blue colour of sufficient intensity to indicate the presence!* of ^ rnilligrm. of 
cobalt in 1 c.c, of solution. Nickel and especially iron (but not manganese) interfere 
with the reaction, a small quantity of iron present in the cobalt solution changing the 
blue colour to emerald-green, while nickel changes the blue to green only when present 
in considerable quantity. 

2. Cobalt nitrate mixed with a solution of acid sodium carbonate containing a 
small quantity of hy^hJorite^ forms a light green liquid of great colouring power, 
which, if not too concentrated, may be boiled for some hours without decomposition 
(Field, Chem, Soc* Qu. J. xiv. 78). A solution of a cobaltous salt mixed with acetate 
and hypochlorite of sodium, acquires a deep red colour, which on further addition of 
the h 3 qpochlorite, changes to a light yellow-brown. This mixture, even at ordinaiy 
temperatures, quickly becomes dark and almost black, but does not yield any precipi- 
tate, even when heated. On adding sodium carbonate and boiling, the whole of the 
cobalt is precipitated as peroxide, with deep brown colour. Any nickel that may be 
present ahm remains in solution until sodium carbonate is added (Pbpp, Ann. Ck. 

cxxxi. 363). 
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S. If a oobaltotis solution diluted till it no longer appears red be shaken up with 
a few crystals of sodium pyrophosphate till the latter are dissoWedt and sodium 
hypoehioriis be then added, a deep brown solution of cobalt ic phosphate is product, 
almost black if the solution is moderately concentrated. iNickel under the same 
circumstances forms a (^lourloss liquid. This reaction may therefore serve to detect 
cubttlt in presence of nickel ; but c;ire must be tjiken not to warm the solution, as in 
jliat ciiso noth metals would bo prccipitaited as black hydrated peroxieles (tl. D. Bmun, 
y^'tt&chr. f, anal. C/iem. 1868, p. 348). According Liebig, the nickel may bo 
iru mediately recognised in another p<u*tiou of the solution by adding pot 4 issiuni cyanido 
and excess of alkali, whidi produces a black colour due to nickel alone (Zvity^'kr. f. 
i:hnn. [2] V. 309). 

4. hen a cobaltous solution is mixed, first witli a strong solution of potassium 
cyanide till the resulting precipitate is rodissolvod, then with a concentmtui neutml 
hululiou of poiassitun nitrite and a few drops of acetic »cid, the liquid iinino<liHtcly 
assumes a deep omngc-rod to bl(MHl-ro<l colour, or, if somewliat dilute, an orungo-roso 
colour (j)cach- blossom-red in thin layers), apparently dne to the fonnution of poUssio- 
(•M))ii!bius nitrocyanido, and disappearing on adding amnumia or excess of aci<i. Tliis 
reaction is not exhibited by potissiuni-niekel cyanide, and may therefore servo ns iin 
ndditi<»nal t<st between cobalt and nickel; but the presence* itf nickel in the c<ibi\lt 
b(»lution renders it less corbiin ; inoreovor it is not so delicate as the well-kTmwn 
blowpipe reaction (C. JD. Braun, <7. pr. Chem. xci. 107). 

5. A S 'lutlon of cobaltous chloride acidulated with acotic acid gives ulth cxccpp of 
a mmontuai ntirite^ a yellow precipitate consisting of microscopic cubes, similar in 
appearance and analog(ms in composition to polassio-cobalteiis nitrite (i. 1058) 
(Krdmnnii, Jahresb. 1866, p. 247). Nitkitks. 

6. A solution of a cobaltous salt in tartaric or citric aci<I mixed with excess of 
riminenia and then with ^yotoKsium ft rricya7iidey iiHSximos a red colour, perceptible oven 
in very «lilut.e liquids (W. 8key, Ckcm. New,s, xv. 111). 

7- An alkaline solution of pofassio~c*tbaltouji cya7iide sliakon up with air, /issnmes a 
du p bTN>wn-red colour (prol>abIy formirjg cobaltic cyanide), and aller sUnding for 
S‘)Tni' time, dep^>sits part of the cobalt as c»)baltic hydrate (not, liowover, in very 
•lilulo solutions), wliile potassium cobalticyanide remains dissolved. A nickel solution, 
under similar circumstances, neither forms a precipitate nor undergoes any change of 
colour (C. D. Braun, Z^it.sckr. aftcU. Vhem. iii. 465). 

8. Cobalt sulphide precipitated from an ammoniacal solution by yellow ammonium 
sulphide, and freed from excess of ammonia by hent, is less soluble in potassium 
vyanidr^ in proportion as the ammoniacal solution, licforo the addition of ammonium 
hulplddc, has been longer exposed to the air, arnl therefore morn c^jmpletely converted 
into rt>sc‘0-eobaltic or purpuroocobaltic salt. I’ho reaction afforfls the moans of dctoct- 
iiig cobalt in presence of nickel. If the precipitate formed by julding ammonium 
Hulphido to the ammoniacal solution after exposure to the air, till it no longer changtis 
cftlour, consists wholly of nickel sulphide, it will diss/dve completely in potassium 
cviinide ; but cobalt will remain undissolvod as sesquisulpbido, Co*S*; any small 
quant ity of cobaltous sulphide, CoS, that may bo present will impart to the solution 
in j>‘jtassium cyanide a deep brown-rtnl colour (H. Flock, ibid, r, 399). 

Quantitative Estimation . — Winkler {Zeitsthr. anal. Cltem. iii. 265, 420 ; Jahresh* 
1864, p. 716 ; 1865, p. 723) has given a volumetric method of ostimuting cobalt in 
pr<*scnce of nickel, baaed on the fact that on adding |>otasHium permanganate to a 
Solution of cobaltous chloride niixo<l with mercuric oxide, the whole of the cobalt is 
precipitated as cobaltic hydrate ; 

eCoCP + 6HgO + Mn*0-K* + 6iro » 3(Co*OVH»0) + 2 (Mb0*.H*0) 

+ SHgCI* 4- 2KC1. 

Tbe solution containing the cobalt and nickel (previously treated with barium chloride 
if it contains sulphuric acid) is mixed in the cold with precipitated and levigated 
mercuric oxide, and a normal solution of permanganate (titrated with pure cobalt 
solution) is gradually added, till the last drr>ps give to the liquid a permaneRt 
amethyst colour. If the solution contains arsenic or phosphoric acid, these adds 
must ^ precipitatiNi in the first instance bj addition of ferric chlonde. The excess 
of iron in the filtrate is then immediately precipitated as ferric oxide cm adding the 
mercuric eadde, so that it does not int^ere with the subsequsnt titration tha 
permanganate. The process gives exact results, powided the quantity of nidmt 
present is not greater than twice that of the cobalt ; in the contra^ case it is best to 
piecipitate the cobalt with potassium nitrite, mix the yellow precipitate with hydio- 
•hlonc acid, evaporate to diyness, redissolve in water, and titrate the cobalt as above 
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{Zeiiichr, f. Chem. [2] iv. 529). Tcrroil {Bull. Soc. Chim. [2] r. 88 ; Jahresb, 1866, 
p. 806) separates nickel and cobalt by mojins of ammonia and potassium perman- 
ganate, with subsequent addition of hydrochb»ric acid to the boiling solution, whereby 
the cobalt is precipitated as rosoo-cobaltic chloride. According to b'reseiuwB {Zeitschr. 
anal. Chem. v. 114), this method is not exact, because a small portion of the cobalt 
always escapes the oxidising action of the permanganate, and moreover the roseo- 
cobaltic chloride is not quite insoluble in water containing hydrochloric acid. 

Cobalt and nickel may be separated from iron by boiling the solution of the 
nitrates for four hours with litharge, whereby the iron is precipitated as ferric oxide. 
The filtrate is freed from lead by hydrogen sulphide, and the cobalt and nickel deter- 
mined by the usual methods (Field, Chem. Centr. I860, p. 383). 

From manganese the same metals may be separated by mixing the solution with 
ammonia and sal-ammoniac, and adding phosphoric acid, which throws down the 
manganese as ammonio-manganous phosphate, while the cobalt and nickel remain in 
solution* (S. H. Henry, Thii. Mag. [4] xvi. 197). 

Cobalt Cblorlde. CoCP. — ^Whon a solution of this salt is concentrated till the 
l)oiling point rises to 111®, the remaining liquid, which solidifies on cooling to a red 
crystalline mass, has the com jvjsit ion CoCF. 611*0 ; when further heated to 116^^ it 
is Cfmvorted into CoCl* . 4H*0. From this latter in the fused state blue crystal.** ol the 
dihydrate CoCl*.2Ii*0 separate as the temperature rises, and at 121° the entire mass 
is converted into this hydrate, which docs not give up the wIkjIo of its water till Iie4iti'<l 
above 140®. The anhydrous ohlorido has a pale blue colour like that r)f rect'ntly 
precipitated cupric hydrate. "When exposed to the air, it turns red in a few miiiiitcK, 
ftom absorption of water, and is converted, nfUv some time, into the hy<lriito 
CoCF.GlPO, without forinatinn rif the intermediate compounds; in contact with 
water, the same hydrate is quickly fonnwl, and with consi<lerablo evolution of heat. 

The diht/drafe CoCl*. 211*0, prepared Ijy heating either of the higher livdratos, 
forms a fused, deep ^iolot-C{^louro<l, crystalline mass; when prepare<l by dehydniting 
the compound CoCl^.GlI'-O over sulphuric acid, it forms a dark peach-blossom-eolourcil 
p<)wder, which between 125° an<l 140® assumes the (y)lour of sublimed chromic 
chloride. The dihydrato is extremely hygroscopic, and in contact with water is 
immodiatoly converted into the hexhydrate. 

The cry.stuls of the CoCl* . 411*0 Ivave a peach-blossom-rod colour ; do 

not give off any water over sulphuric acid (unlike the liexhydnito), and when heated 
above 116® decrepitate without fusion, leaving the hyrlnite Con‘-.2H*’0. When 
exposed to the air, they deliqiiesco to a solution from which the liexhydrate crystallises ; 
in contact with water also they are convorte<l into the same h 3 ’drate, w ith con8ideral)lo 
increase of volume. It appears therefore that the dihydrate and tetrahydrate cannot 
exist in solution. 

The currant-rod crysbils of the hexhydrate. CoCF . 611*0, are permanent only in 
moist air ; over sulphuric acid they quickly turn violet, and are ultimately converted 
into the dihj’drato. On gently hmting them, blue spots make their appearance at 
about 30® in the red cr^’stallino ma.s8, and continue to increase, till at 35® the entire 
mass has become blue without the slightest loss of weight ; between 35° and 39® it 
fliirells up and splits into small spicular crysbils which appejir pale blue by^ refleeb-d 
v.^ligbt, but are reconverted on cooling into the original red crystals. At 86®-87® they 
taolt to an indigo-blue liquid, from which the retl cr>’stalB do not separate till it is 
cooIckI to 50®, In water the hoxhydmto dissolves very easily and wdth consitlcriiMe 
lowering of temperature. 

The changes of colour in the several hydrates take place without any diminution of 
weight, and appear to bo due merely to molecubir action. It appears probable, therefore, 
that the chloride and other analogous compounds of cobalt (which exhibit similar 
changes of colour) are susceptible of two nuHtifications, a red and a blue, and that the 
latter can exist in the tetra- and hex-hydrated chlorides only at comparatively high 
temperatures, but that in the dihydrate it can exist also at ordinary temperatures ; 
moreover, all cobaltous compounds turn blue when heated, ^ite independently of any 
change in their amount of water (J, Bersch, Wien. Akad. Ber. Ivi. [21 724 ; Jahreeo, 
1867. p. 291). 

OzldM* Hydrated cobeUtoso-cohaltic oxide. 2Co*0*.H*0, is obtained by heating 
the commercial basic carbonate, 2CoCO*.CoH*0* -»• 3aq., to 200® for twelve hours. 
[H. Bose {Pogg. Ann. Ixxxiv. 653) regarded the product thus obtained as h3rdrated 
eobaltic oxide, 4Co*0*.H*0.] This hydrate exposed to the air gpradually takes up 
water and ia converted into the dikydrate Co*0*.2H*0. The latter drim at 100® 

* Aoeordlitf te Chancel, <m the other hand, oohalt and nickid are oompletelj predpftated \rr 
pbonihorio acid from cold ammonlacal sototiona iJakrttb. 1866, p. 806). 
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learea the hytirate 4Co*0^ . 5H*0, and at 1 10®, the hydrate 4Co*0* . 3H'0. Any oxide 
of cobalt ignited for about a q^rter of an hour in a half»covered crucible over an 
ordinary gas-flame, and then quickly cooled, is converted into cobaltoso-oolxiltic oxide, 
Co*0* ; but if the ignition be performed over a gjis-flame urged by a blast, the residue 
consists chiefly of cobaltous oxide, CoO ((h D. Hraun, Z^itschr. anaL Chem. vi. 76). 
According to Russell {Cfu-ni. Soc. J, [2] i. 51), cobultoHo-cobaltic oxide ignited over the 
gus blowpipe flame in an atmosplioro of carbon dioxide, loaves pure cobaltous oxide. 

Cohaliic Acid{'i ). — According to Winkler {J. pr. Chem. xci. 213; JahresK 1864, p, 
267), finely divided (reducoti) cobalt dissolves wluni boiled for a long time with its 
own weight of potassium hydrate and 3 pts. walor, forming a dtej) blue liquid in 
wliiv h the cobalt exists as CoO“. Tbo tHJtassium-coluiUato has not brtm i8t)latoit in the 
Hi vl id state, and the solution itself decomposes spontaneously, losing its blue ia)!our; 
clilorine passed into it gives rise t(» a rapid emission of oxygon. Winkler analysed it 
I V lietermining the quantity of sulphuric aci<t f»>rnusl by treating a known quantify 
w iih sulphurous acid. According to Sohultze, however, Winkler’s lahallato is nothing 
but an alkaline solution of cobaltic hydrate {Jahresb. 1864, p. 269). 

COBAX.T BABBS, AMMOWZAOAB (i. 1051). The general formulir of the 
SfVi ral ammonio-cobaltic compounds, acc^wling to the at mnie weight v^f e«)balt now 
admitted [Co = 59], are reprobcnteii in the following table, in which X denotos an 
atom of chlorine or of an equivalent acid radicle such as NO', v'kc. : 


Tetrammotiio-cobaUic salts ..... Cu-X^- tNIl’ 
llexammoiiio-cobaltic Hiilts ..... CoC\*'.()NH* 

Oxy-octaiumonio-eobaltic (fusco-cohaltic) salts . . Co'OXC 8N1C 

I)icamm<tnio-cobaltic (roseo- amU /, tv.vT.t, 

purt.ureo-o,!,allic) «ult, \ . O.'.V.IOMI* 

Dinitro-deciinimonio-cobaltic (xantho-cobaltic) salts , Co‘'’( NO'-^y-’XC lONII" 

Dodecainmonio-cobultic (lutco'cobaltic) salts . . < 'o-’X". 12NH“ 

Oxy-cobaltic salts CuUX'C5NJl* 


IMany of these salts have been further cxaminetl by Ilraun (Atui. Ch, Phnnn. cxxxii. 
33 : exiii. ,50 ; Jahr(.sb. 1864, p. 270 ; 1867, p. 294). 

t'usco-col)altio salts are easily resolved under the influence of ammonia and of acids 
into roseo- and luUKi-cobaltic salts; thus when fusoo-cobaltic chlorifle is heated with 
concentrated hydrochloric aci<l, roseo-coballic chloride, w’hieli is the principal product, 
is always mixed with a certain quantity of luteo-cobaltic salt : 

4(Co'OClC8Nn>) + 2UCi = 2(tVCIM0NJI*) + Co*ClM2NH’ + CVO' + Ji*0. 

Fusco. Ituboo. LuUk). 

With dilute hydrochloric acid, on the other hand, the lutoo-Ciibaltic chloride pre- 
dominates ; tlius : 

10(Co’OC1^8NH•) + 2^Cl = 2(Co»ClM0NH*) + 6(Co'ClM2NIP) + 3Co’0» + H'O. 
Fujmx). Ho»c-o. JLutoo. 

noseo-cohaltic chloride may l>e prepanwl synthetically from fusco- and lutf)o-cobalt||n. 
chlorides. When these two chlorides are heated togtsiher with ammonia for serem^' 
days in a scaled tube, placed in a sand-bath, there is obtained, together with 
undecomposed fusco-cobaltic salt and cobaltic hydrate, a red liquid from which 
poseo-cobaltic chloride gradually crystallises ; 

3 (,Co=OClX 8 NH») + 2 (Co*ClM 2 NH*) + 2 NH» - 4 (Co*aM 0 NU*) + Co^OMONH* 

Fusio-cobaltio LatdoK'otMdtic Bofieo>cx>t)altio Howo-ootjaltie 

chloride. chloride. chloride. oxide. 


The separated cobaltic oxide arises from the decomposition of the free roseo-crtbaltie 
oxide. 

Roseo-cobaltie chloride is also produced by agitating a moderately concentmiod 
'solution of cobaltous nitrate with strong ai^ueous ammonia till it appears clear ami 
of a dark brown colour, and then beating it for half an hour to an nf>ur with pure 
indigo-blue ; the liquid then assumes a deep violet-rod colour, gradually chan^ng to 
wine>red on exposure to the air, and on addition of strong hy^ochloric acid oepositf 
afUr a while, microscopic tetragonal crystals of roseo-cobaltic chloride. The reaction 
be represented by the equation ; 

2C»H*KO + H*0 + 2CoO + lONH* - Co*O».10NH» + 

Xndico-blaa. BessiMxrtsatIo Indite- wblte. 

• aside. 
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'Roieo-cohaJtic Sidphate. Co*(SO')**10NH* + 6aq. (i, 1063). — According fcoBmon 
{Ann. Ch. Pharm. cxxxviii. 109), the oxidised ammoniacal solution of ammonio. 
cobaltous sulphate is not precipitated by sulphtiric acid till after the addition of 
water or alcohol. The precipitated pulverulent salt gives off 6 mol. waUr at 
100°, without losing its solubility, which is moderately great even in cold water. 
The salt decomposed with baryta-water yields rosoo-cobaltic oxide, the strongly 
alkaline solution of which absorbs carbonic acid from the air. 

Xaniho-cohaltic Salta. CoOX'*. 10NH*.2NO. H'-^O according to Gibbs u. Geuth 
(i. 1054), Co(NO^y-*X*. lONH* according to Braun. — These formulae differ from ono 
another only by IP, a difference not recognisable by analysis. Braun’s formula is 
verified by the decomposition of the chloride with ferrous salts, the oxygen which it 
gives up to a titrated ferrous solution being estimated volumetrically. These salts 
digested in dilute solution for several days at a gentle heat with strong aquetjus 
ammonia, are converted into roaeo- and lutoo-cobaltic salts, with separation of nitrous 
acid. When a small quantity of xantho-cobaltic nitrate is warmed with at^ueous 
ammonia, a strong solution of sodium-pyrophosphate added, and the liquid again 
warmed, crystalline laminae of lutoo-cobaltic pyrophosphate are quickly produced. A 
strong solution of xantho-cobaltic nitrate and an equal quantity of sal-aranioniiic 
heated with strong hydrochloric acid, yield the chlorides of roseo- and lutoo-cobaltic 
chlorides, according to the equation : 

2[Co*(NO*)"(NO>)MONH*] lOHCl + 2NII*C1 = Co^ClMONU* -t- 

Xautho-cobaltlo nitrate, llosoo-cubaltic 

clUoride. 

Co2ClM2NIP + 4NO*n + 8NO»H 
Luteo-cobaltio Nitrous Nitric 

cblorido. acid. oxide. 

If dilute hydrochloric acid (sp. gr. 1’12) bo used, and the temperature kept at about 
60°, the chief product is lutco-cobaltic chloride. A mixture of the concentrated 
solutions «)f xantho-cobaltic nitrate and ammonium sulphiite heated with hydroc^hloric 
acid, or of xantho-cobaltic nitrate and ammonium chloride heated with sulphuric acid, 
yields luteo-cobaltic sulphate and chloride, generally with a small quantity of rosoo- 
cobaltic salt. 

Lutvo-cohaltic chloride may also bo prepared by agiUiting n solution of col)altous 
chloride or nitrate with strong aqueous ammonia and lumps of sal-ammoniac, 
adding lead dioxide to the dark brown liquid, and keeping the mixture in gentle 
ebullition for about half an hour. With sufficient oxidation and abundant addition of 
sal-ammoniac, the dark rwldish-yellow liquid conUiins chiefly lutco-cobaltic chlorid»\ 
together with a very small quantity of roseo-cobaltic chloride ; with a smaller quantity 
of sal-ammoniac, the latter is mtire abundantly pr<Kluccd. Hydrochloric acid 
separates the luteo-cobaltic chloride from the concentrated liquid, us a yellow crystalline 
powder ; from a dilute solution after a day or two, in needle-shaped crystals (Braun). 

Mills {Phil, Mag. [4] xxxv. 245) prepares luteo-cobaltic chloride by heating cobaltoua 
chloride with sal-ammoniac, aqueous ammonia, and a powerful oxidising agent under 
pressure (in a soda-water bottle closed with a caoutchouc stopper) to 70° for about 
. twenty hours. Equal weights (16 gnus.) of cobalt chloride, s^-ammoniac, and 
potassium permanganate heated in this manner with six times the weight of strong 
aqueous ammonia, form an orange-yellow liquid, together with nodular aggregations 
of luteo-cobaltic chloride and a copious precipitate of the higher oxides of manganese 
and cobalt. The liquid is poure<i into excess of hydrochloric acid ; the crystals are 
dissolveel in water acidulated with hydrochloric acid ; these solutions are mixed; the 
resulting liquid, together with twice its volume of strong aqueous hydrochloric acid, 
is left, to itself for 24 hours ; and the yellow precipitate of lutoo-Cfjbaitic chloride 
thereby separated is washed on a fitter with hydrochloric acid, and finally with alcohol : 
it amounts to 71 p. c. of the theoretical quantity. If the permanganate is replaced 
in the preparation by an equal weight of dichromate, the pnjduct amounts to nearly 
80 p. c. Manganese dioxide, cobaltic oxide, iodine, or bromine may also be used as 
the oxidising agent. Cobaltic oxide treated as above with a large quantity of 
sal-ammoniac and strong ammonia is almost wholly converted inte luteo-cobaltic 
chloride. Mixtures of oobaltoua chloride and sal-ammoniac vrith ammonia and solid 
chloride of lime also yield a yellow precipitate after long standing in cont^ with 
hydrochloric acid. On the other hand, purpuroo-cobaltic chloride boiled with aqueous 
ammonia yields but a very small quantity of lutoo-cobaltic chloride. Purpureo-cobaltic 
chloride not altered in weight when heated to 87® with ammonia ; hence, and from 
certain weight-determinations. Mills concludes that the formation of Inteo-cobaltio 
chickride pnrpurao-cobaltie chloride does ^ot depend upon a simple addition of 
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ammonia. Moiwver, whan pnrpuroo-cobaltic chloride is hoatod with water aiul 
ethylamine, aniline* or pyridine (instead of ammonia), only ordinary luU^o-cobaltio 
chloride is formed (brides the other products of decomposition): whunco it appears 
that the luteo^b^tic chloride is formed at Uie expense, not of tlxe five ammonia, 
but of ammonia eliminated from the purpureo-coluiltic chloride. 

To prepiire pu^ureo-cobaltk chlu^c, 6 pU. of crystallised cobaltous chloride find 

5 pts, sal-ammoniac are dissolved in 100 pts. of water ; tlie cooled solution is mixinl 
with 22 pts. strong aqueous ammonia and 2 pts. chloride of lime ; and the mixture, 
afier exposure to the air for 24 hours, is boiled with a largo excess of hydrochloric 
Rciil, and left to crystallise. 

limeo-cobciUic chloride may be obtained quite pure by mixing an nqueous solution of 

6 grins, crystallised cobaltous chloride dilutoil to 90 c.c. with 27-5 c.c.” strong ammonia 

and 2‘6 grms. potassium permanganate dissolvinl in 100 c.c. water, the lempi^rature of 
thr liquids before mixing not being allowed to rise above 18'’. The solution after 
24 hours’ exposure to the air is filterud from the mangtinese precipitate ; neutralised 
with dilute hydrcKihloric acid ; precipitated with a cold mixture of A vol. hydrochloric 
ftcid and ^ vol. alcohol ; and the salt is washed first with the Kvme mixture, theft with 
alcohol alone. The product thus ol)taine<l hns the com|x>sitinn lON 11* . 4- H^O ; 

it is tiuite free from purpuroo-c<jbaltic clilori<le, but is imniediiitely convi-rted into that 
salt on heating its solution with a trace of hydrochloric acid, tlui solution of pure 
roseo-cobaltic chloride is not precipitated by potassium imlide or neutral ixiLassivun 
chromate ; with the dichromato it forms a brick-red precipit^ite. 

J.utco-cobaltic chloride hcate<l with water to 70°- 80*^ in soaltnl tubes is enslly decom- 
}>fbcd, forming a colourless solution of cobaltous chloride, ammonia, and sal-ammoTiiac, 
with a trace of nitric acid, and a black precipitate having nearly the oonipisition 
of tlio oxide Cc'O*, mixed w’ith silica arising from deconqxisition of the glass. 
I’urpuroo-cobaltic chloride is dcconijx>«od by w'ater in .a similar manner, but less 
quickly and completely, on account of its sniuller soluldlily in ammoniacal sal- 
ammoniac. These decompositions appear U) take place by two 8f;vges, part of the 
compound being first resolved into cobaltous chloride, free chlorino, and ammonia 
(which react with the water so as to form nitrogen, ammonium chloride, and n little 
nitric acid), and the cobaltous chloride exerts a furtlicr docvyin|M.»sing action on the 
ptnuiining portion of the original compound : 

For Purpurco-cobaltic chloride: 

I. a. Co*ClM0NU» « ‘2CoCl« + lONTI* -f Cl*. 

II. a. Co*ClM0NH* ^ 2CoCT* + (6 + «)H"0 » Co*0*. 7*11*0 + 10NU*Cl. 

For Luteo-cobaltic chloride : 


I. b, 
II. 6. 


Co*ClM2NH* = 2CoCl* + 12NH* + Cl*. 

Co*Cl‘.12NH* -t- 2CoCl* + (5-t«)H*0 - Co<0‘.«lP0+ lONH^CI + 2NH»,: 


Both these cobalt-amm*>nium chlorides are in fact decomposed by heating with 
cijbaltoua chloride and water, forming precipitates which always contain less oxygen 
than Co*0*, but (probably in consequence of subsequent oxidation) more than Co*0* or 
CoH>*. The conditions under which the liquid remains neutral are given for 
purpurco-cobaltic chloride by the equation II. a ; for luteo-cobaltic chloride by the 
equation : 


Co»ClM21?H» + 8Coa* + (6-t7i)H*0 « Co*OVnH*0 -t 12NU’C1. 

The strong corrosion of the glass which takes place when these chlorides are heate<l 
with ammonia and water is attributed by Mills to the transient formation of the 
hydrates Co»a*“*'«(HO)»*. and Co*CF-*-(HO)*«. 12NH*. Aouemis ammonia 
docs not act upon glass when heated in it either alone or with the precijpitateij ; 
cobaltic oxide with sal-ammoniac solution (which produces cobaltous cbloricfe) act# 
but slightly. 

For the ftirther development of SchiflTs views on the constitution of the ammoniacal 
cobalt-compounds, see Jnn, Ck. Pharm. cxxiii. 1 ; Bip. Chim. pure, iv. 380 ; 

1862, p. 198. Respecting the salts which Qeuther obtained by the action of 
sulphite on cobaltic hydmte, see SvLraiTKS (▼. 644). 

CIMSAXWa (i. 1069). W. Lossen {A»n. Ck. Pharm. cxxxiii. 851) jporiie# 
this base by dialysing the solntion of the crude hytlroehloride, preeipitatuig the 
Bolutlon thus freed man colouring matter with sodium carbonate, and^rigiNtte^ 
crysiaUisiflg the preel)pitated base from alcohol. Ijohmm assigns to oocatue 
C**H*>ltO*, likewise l y ee s with Kiemaim's analjseev Acooidiog to 
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(Wim, Akad, Ber, xlriii. [i] 34), the crystals of co<»ino are monoclinic, exhibiting the 
^oapnblnation oP . ooPoo . — P. —Poo .(Poo ), the inclined axes b, c forming an angle of 
78® ety, and the ratio of the axes a :b:o being equal to 1*186 : 1 : 1*223. Angle 
oP : -Poo « 119° 20' ; oP : (Poo ) * 136® 16' ; -P : oP = 11*3® 14'. The crystals 
are prismatically elongated in the direction of the orthodiagonal, mostly hemimorphously 
dereloped in this direction, and imperfectly cleavable parallel to oP. 

Cocaine dissolves easily in dilute acids, forming mostly crystallisable salts which 
are soluble in alcohol, but not in ether, have a bitter taste, and, like the free 
base, produce a transient numbing sensation on the tongue. The hydrochloride 
C‘’Il"‘NO^. IICl crystallisos from alcohol in short prisms, perpendicularly truncatinl 
at the ends; the platinocMoride 2(C”li*‘NO^.IlCl).PtCP and the aurochloride 
C‘^Il’"NO‘‘.HCl.AuCl* are light yellow precipitates. The sulphate ia gummy, and 
crystallises but slowly ; the neutral oxalate crystallises quickly ; an acid oxalatr, 
is deposited in feathery crystals on adding other to an alcoholic 
solution of dehydrated oxalic acid and cocaine. The solution of cocaine in acetic acid 
leares the pure base on evaporation (Lesson). 

CV^jiine heated with strong hydrochloric acid is resolved into eegonine 
' benzoic acid, and methyl iilcohol (Ixissen) : 

+ 2mO =. + CH'O 

Cocaine. Eegouine. Benzoic Methyl 

acid. alcohol. 


ooccznrxir. See Cauminic Acid (p. 414). 

COCBZlffSAZi. The ash of silver-grey Honduras cf^chineal, amounting to 3-2 p. e., 
contains in 100 pts. ; 18 03 KH), 13-40 Na*0, 0-51 NaCl, 2 40 CaO, IGA t MgO, 130 
AHO*. 1-16 Fc‘0», 47-25 and 7 92 8iO* (K. Dieterich, Chem, Centr. 1867, p. 287j. 

Cochineal-wax . — A species of cochineal (Coeews Carjit'esp, Fabr. ; Colu/nnca tcatudi- 
formis, Tozzetto) living on the fig-trees of Italy, contains a wax differing from beeswax 
only in the proiwrtion of its constituents. Ether extracts from the insects about 65 p. o. 
of tliis wax, which is red-brown, molts at 61° to 52®, dissolves but partially in alcohol, 
and conuiins 51-3 p, c, cerolein, 12*7 cerotic acid, and 35-2 myricin, -with very small 
quantities of butyric and valeric acids. The wax (about 69 p. c.) expressed 
from the cochineal under boiling water is grey after remolting, and melts at 57® ; 
when freed from the greater pai*t of the cerolein by alcohol it melts at 62® to 63®, and 
when bleached resembles ordinary beeswax (F. Sestini, Bull, Soc, Chim. [2] vii. 
482). 

OOXIJLMZIVB, — A base recently obtained, together with others, by 

Hesse (A?m. Ch. Pharm. cliii. 47), from the aqueous extract of opium. When ro- 
crystalliscd from other, it forms large colourless six-sided prisms, mostly terminated by 
domes; soluble in alcohol, ether, and boiling water; very soluble in chloroform and 
boneol. All these solutions have an alkaline reaction, neutralise acids, and form 
salts which have a bitter taste and are mostly amorphous. The base molts at 121®, 
solidifies to an amorphous mass on cooling, decomposes at a higher toraporaturo. It 
dissolves in strong nitric acid with dark green, in strong sulphuric acid with blue 
colour, changing to green, and afterwards to dark violet on warming the liquid. 
Ammonia and potash produce in solutions of the salts a white flooculent precipitate 
soluble in excess. The plathuuhloride 2(C**H**NO*.HCl).!l^Cl* is a yellow 
amorphous precipitate slightly soluble in water and in hydrochloric acid. 


COSBZirS. C'»H*‘NO«.— The action of hydrochloric acid on this base has 
recently been studied by Matthiessen a. Wright {Proc. Boy. Soc, xvii. 460 ; xviii. 83). 
Ciodeitio heated with excess of hydrochloric acid in sealed tubes splits up into methyl 
chloride, water, and apomorphine (see Morpuinb) : 

C^*H«NO* + HCl a. CH»Cl + H*0 + 0>'H'’NO*. 


But when the reaction takes place under the ordinary atmospheric pressure, and at the 
tesspfptitare of the water*bath, a chlorinated base called chlorocodide is produced 
lijrom codeine by substitution of 01 for HO ; thus : 


C“H**(HO)NO» 

CoddbM. 


+ HCl « H(HO) + C»H*K:!1N0» 

Chlorocodide. 


To obtain this base in the pure state, codeine is heated under paraffin on the water* 
10 to 16 times its weight of strong hydrochloric acid for 12 to 16 hours; 
^^tipg brownish liquid is .evaporated to d^ess ; and residue ^ssdlred in 
nixed with sodium bicarbonate, whereby a bulhy whitejMedpitate is fSormsd 
chiefly of chlorocodide, with a trace of apomorphine. This preeipitaU, freed 
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from the apomorphino by washing with vlilute ammonia, is dissolved in hydvoiihlQKlo^ 
Hcid and fractionally precipitiitod with Nodiiini biearbouato ; and the second 
which is pure white and free from ctxleino and ajx>nu>rp!une« is ezhausted vrith other, 
which disstdves nearly the whole. The clear ethereal solution is tlion shaken u]^ with 
a few drops of hydnx'hloric acid, and the rc.sultiiig solution of hydrochloride is 
fractionally precipitated with sodium hicarboiiaLc, and the treatment with ether and 
hydnxjhloric acid is repeated. The pro»luct is a viscid colourless solution of the pure 
hydrochloride, which refrises to cry.vrallise. lly fractional pm'ipitation with sodium 
biawbonato it yields pure clilorcKMxlido ns a snow-white mass, scarcely afrocto<.l by 
exj-tosure to air, very soluble in alcohol and etiter, but not crystallisable tberefi\>m, 
owing to deoomi> 08 ition. Its physiological action is much less marked than that of 
aporaorphino, doses of grain taken internally ami gr. inj(H‘t<«d Hubcutanoottsly 
pnxlucing no appreciable eftect. The hifdrvcIUorUle contains 'INO® . HCl ; the 

^tlatinwklorUle 2(C‘"Il'‘®CTNO-. HCl). PK'!* is a yellow precipitate pernmuoat in the 
air, but decomposing in tho moist state at 10(1^^. 

A solution of tho hydnx'hloride of chlortxodide gives a pale anU'thyst coloraUt^Wlth 
ferric chloride \ pale red with nitric acid ; evanescent pale rod with aidpknrw tllid 

jHitas^ium dickromate\ pale red with sohilion of Ucachin(j powder and a dlX)p of 
hydroeliloric acid; a white precipitate with corrosive suhtif/iatc, (lecf>m|K>sijig witH 
pale red colour on boiling ; itre«luces si/ivr from the nitrate ; gives with caustio potash^ 
ammonia, ivnd sodium carhoyiatc, wWiXo. precl|)ilate.s slightly soluble in excess ; white 
pn-cipitiitcs also w'itli uniidcand sodium jyhos) dude * 

When the hydrochloride is heated to l for three hours with 8 to 15 times 

its weight of strong hydrochloric acidt the base is resolved into methyl chloride and 
nrKjmorphine ; 

C'^IP^ClNfP « ClPCl + C‘Tl>’N02. 

Tho hydrochloride lieated in a similar manner >vith 10 to 15 times its w'oight of 
f/vrfer, splits up into hydrochloric acid and ccKleiuc hydrochloride without any ovulutioii 
of gas : 

C'^IP^CINOMICT + 1I(I!()) « IlCl + C"'11'‘‘(II())N0MIC1. 

This rc 7 \ction is the inverse of that wliich t- akaa phvets when ecKieino is hctitod on the 
water-bnth with excess of hydrochloric acid, 

C'otleino hcatod with hydrohroinic acid is converUsi, in tho first instance, into 
hromocodidc, C'^ll^^BrNO', analogous to chlorocrslide ; and this hy further heating 
with eodeino is converted into dooxycodoi tie and bromotetrneodeino ; 

Ci»H2ojirNO* + 4C‘’’ir-’NO* « 

BroniocodiUo, Coiiclnc, lx*oxye<>lcifio. Bruinoixara- 

Ciskino. 


(Wright, Proc, Hoy. xix. 371.) 

Codeine heated with hydriodio acid yields tlie hy<irio<lide of a new huso nojt 
cxamincxi (Mattliiesson a. llurMsi<le). 

ja.pooo(lelne or JLpooodela. C"TI‘»NO* (Mattbiessen a. Ihirusido, Proc, 7?oy. 
Soc. xix. 71). — This base, containing tin; elements of 1 mol. 11*0 less than codeine, is 
j>ro<luce<l by heating codeine liydrochloridc with a coneentrate^l solution of zinc chloride 
to 170^-180*^ for about fift>eon minub s. On wsdiiig, a yellowish*bn>wn tarry mass 
sopanUes from the liquid, which on further cwling may be drawn ont into threads, and 
thus obtai ried almost free from zinc cliloride. It consists of almost pure npcKwleine 
bydiHX’hloride, au(l may be further purified by rept’ated wjlutiim in hot wat-er and prenu- 
pitation with hydrochloric acid. 15y dissolving this salt in wat4>r, precij>itatin^ with 
sodium carbonate, exhausting with ether, and ovapf^rating, apooodeino is obtained as 
an amorphous, gummy, reddish mass, soluble in alcohol, other, and chloroform, insoluble 
in water, and unciystallieable. It is much more stable than apomorphine, and thoiw* 
fore more easily prepared. Its reactions are nearly identical with tlioso of aponvoPi 
phine (see Mobpuikb), tho chief difference being that the Wood-red colour wll^k^ 
apocodeine gives with nitric acid is much more permanopt tlian that obtainedwilh^;* 
apomorphine. Hydrochloride of erj^odeine is amorphous, whereas the 
salt is ciyrstalline. The apocodeine salt is a mild emetic, whereas afiNHMRw 


hydrochloride acts as a very violent emetic. Tho apocodeine salt 
cutaneotis abscesses at the mint of injection, which the apomortihine salt 
Codeine heated with sulphur 


volumts of hydrog« 
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fxsrtket eiaSige, aupaiently into apomorphine, by removal of CH* (Aimstroiig, 

Boo. J. [2] i*. 59)- 

t’O^mishr. A blue colouring matter exmtmg in cei^in volatile oila obtainrf 
Chiotiy of the compoBite order. (See Oils, iv. 185.) 

COXiCaxCZX’S (i. lOSO). This alkaloid has been further examiood bf 
Jliiblcr (C7icm. Centr. 1860, p. 636; Jahresb. 1864, p, 460), who asBigna to it fie 
i’ormuJa and regards it as isomeric with colchiceine. He prepares ft hj 

exhiiuating coJehicum-seods with boiling alcohol ; diluting the filtered solution with at 
least 20 times its volume of wii'tor, which separates a fatty oil ; treating the decanfd 
watery liquid with basic lead ac<itato to remove colouring matters; and precipitating 
the excess of lead with sodium phosphate. The solution thus freed from foreign 
substances is fractionally precipitated with a solution of tannin, which throws down a 
compound of 3 mol. eoleliieino and 1 mol. tannic acid. The middle portion of this 
precipitate, which is Llni least ctdourod, is further jmrified by pressure and washing 
with a small quantity of water ; then mixed with exce.'^s of levigated litharge and 
dried ; the colchicine is extracted from the resi<lue by alcohol ; and the evapt>ratt«<l 
extract is again siibjecte<l to fractional prceipit:itioii with tannin land treatment 
with litharge, till the ]»roduct exhibits a pure sulphur-yellow colour and dissolves 
completely in wa1.< r and in alcohol. 

Colchicine thus obtaiiu-d is an amorphous suhstanco having a faint aromatic odour 
and intensely bitter taste. It nu lts at. 110^, is insoluble in etluT, but easily soluble 
in water and in ah^ohol, nenfral to litmus-paper; forms a yellow precipitate with 
auric chloride, wliite with inorcuric chloride, and a curdy ]irccipitate with tannic acid. 
Alkalis and strong iniiu-ral acids colour its solution dei-p yellow. 

6^e/f A iev i producer i by the action f)f dilute sulphuric acid, alkalis, or haryta- 
W'at(T on colchicine, ha.^^, according to Iliihner, the .same composition as Urn latter, lly 
r<qHnited crystaliisat ion froiTi wat<‘r, and finally from alcohol, it may be obtaincsi in 
fiodular group.s of cohuirles.s needlc.s which are much less biller than colchicine, and 
are soluble in chloroform, less soluble in ether. It is completely abstnicted from its 
aqueous solution by animal charcoal, being couvertwl at the same time into a br<jwn 
iincrystallisablo substance, which is also cjvsily formed from colchiceine on exposure to 
the air. Colchiceine hag an acid reaction, diHS<dv©.s easily in alkalis (in CJirbonales 
with evolution of carbon dioxide), forming amorphous salts whoso solutions are pre- 
cipitated by solutions of the alkaline earths and heavy metals ; the coj>per-comj)ourul 
is erystnllisahio ; the jvmorplious barium-compound Ims uo^vrly the comi)osilioa 
(C‘MI“*NO‘)«Ua. 

C0XiXi01X>AlU ACmSe See Appendix, v. 1088. 


CO&OFKOXVXlir. C‘”}r-"^0* (0. Tichborne, Chem. AVwjw, xx. 38). — When old 
esficnre of rcaifi (ol)lained l>y distillation of <x>lophony, i. 1087) is washwi with water 
and the wash- wat«!r is evaporated, colophon i n hydrate, C'*H**0* . 11*0, is obtiiineil 
in large well-defineil crystals having a sweet taste, tlestitut© of oflour, eiusily soluble in 
water, alcohol, ether, chloroform, and avrlx)u bi.sulphide, less soluble in benaol and in 
essence of resiu ; firom water it crystallises in fine coloiu'less prisms. When henU^l 
it. melts and stiblhnes, with partial loss of water. It also gives off water and 
cilhwesces when lell. over sulphuric acid. It may be completely dehydrate<l by prolonged 
fusion in a test-tube, the water which condenses in the upper part of the tul>© being 
continually removed by bibulous paper, ami the sublimed crystals continually pushed 
baeJe into the fvUMd mass till no more water is given off. The compound thus 
dehydrated gave aUalyBis numbers agreeing with the formula C'*H**0*. Anhydrous 
colophonin and hyotate diflTer from terpio and torpin hydrate respectively, by 
oontaimng of 1 mol, H*0 in addition. JBromitie acts very strongly on 

eolophomn Kydfats^ with formation of hydrol»romic acid and separation of carl»on. 
On the aqueous sotutkm it acts less violently, forming an oil which app^rs to be a 
tetml^piaivated suJmfStution-pi^uct. Th© solution of the hydiate is optical^, 
Snactiriii/-' When hf^^ with oetdis (sulphuric, phosphoric, arsenic, citric, end tartaric), 
and alcohol, it exhibits a green colour ; with most acids it is necessary to 

with sulphuric acid the reaction takes place in the cold* U^er 
cenMjllniim the green colour is also produced by hydrochloric acid ; but 

wh^^^lu|drate is treated with strong hydrochloric acid, and the mass after half an 
hou#^3||HHHtini. w with alcohol, a fine rose colour is developed. If the hydrochloric 
a^ act for a longer time, various shades of violet are prodnesd, and ulti* 

mately W pure indig^ddue. None of these reactions are exhibited by tupin hydrate* 

cH><i^saxnr« $ta"dfhvic Achd, 
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®®**®"*®** Temptrature of tfe terntwr*. 

of the flamw of carteu monoxide and hydrogen ha*b^ nSTby^^n 
{Pogg. cxxxi. U1 j Mag [4] xxxiv. 489; Jahrah. 1867 , 89 ). Vhe^n 
comb^tjWe mixed with oxygen i» eet on fire, a rise of tompemin«U« ptaoe 
which, supposing the combuetjon to be pcrfivt. may bo enlculftteT from the 
combustion of tlie gases and the specific heat of the p«*iucts. If on tbe other hand 
^e combustion 18 imperfect, tho tomporaturo may still bo calculated, with Uie aid of 

^riotte s and Gay-Lusaic's laws provided the pressure bo known which is Portia 

by tho gabwus mixture when exploded in a closed vesKo!. This pressure has been 
doUrmiucd by Bunson in tho case of mixtures of hydKigen or carla.n monoxide wd?h 

"TTLt togethor. by means of a eudioinotor provided Z th 

a loaded Mfety valve, hrom this and the observed tcmprralnro of combimt ^ X 
quantity of he combustible gas (CO or H) which l.as l,J, burnt at the moment ;iien 
t ieflameattams Its mMimum tempemtur,.. and timoce also tin, quantity which at 
this temperature has lost ite power of combiniup, may be oalculiiUHi 
The following teble conteins the reHulte of the exinTiniente. arnuig«l ac^rding to 
the maxima of temjxirature i whuli tho sovontl gaseous mixtures, calculated fw 
volumes at 0 , attein by combustion m a closed vossol. Column HI. gives tho maximum 
ti'mjxTutures for the mixture® in columns I. and 11. ; column IV sliows tlie frm-tion 
of the gas (CO or H) which has been bunuHl: ' 


I. 

11. 

in. 

IV. 

Mean 

Dovlivilf)!! from 
the mean 

% 

% 

vol. COl 
n Of 

0 0000 vol. 

3172° 

0 361>] 


+ 0-0194 

% 

■/b 

„ CO) 

» 0{ 

0 0000 „ 

2893 

0 319 


- 0-0120 

1 

„ H) 

o 0( 

0 0000 „ 

2864 

0-338 

0-3310 

-h 0-0064 

1 

„ HI 
„ oj 

0 0000 „ 

2833 

0-336 


•f 0-0044 


„ CO) 

., 0{ 

0 1079 „ 0 

2668 

0-8uJ 


- 0-0176 

% 

% 

„ CO) 

o 0\ 

0-6857 „ CO 

2471 

0-460' 


- 0 0421 

% 

„ CO) 

„ oi 

0-8854 „ 0 

2326 

0 478 


- 0 0241 

% 

» CO) 

» 0( 

10881 „ 0 

2117 

0-490 


- 0-0121 

1 

CO) 

of 

1-2563 „ N 

2084 

0-616 


+ 0-0129 


n lit 

o( 

1-2599 „ N 

2024 

0 647 - 

05021 

+ 0-0449 

% 

% 

» CO) 

4 , of 

1-2563 „ N 

1009 

0-470 


- 0-0321 

% 

% 

» CO) 

» Of 

1-7146 „ 0 

1726 

0-520 

1 

. -f 0-0179 


M CO) 
o Of 

21669 „ 0 

1460 

0512 

, V 

0*0099 

1 

„ CO) 

4 * of 

3-1629 „ CO 

1146 

0-527J 

■ Iw 

4^0-0249 


These numlieni show that in a mixture of mrboii mn^fSik dr 
exact prt^rtion of oxygen required for ojmbination, and utinllxed wii 
gas, only one>third of the carbon monoxide of hydrogen if burnt 
temperature, whilst the other two-thirds, by betii^ raised to the hi 
hare lost the power of fombining ; aioreovef, timt^ 
same mixtures is dilated with 0‘6M to 3163 rob ca any gas that d<Uwy, 
and the temperaUue of the flame Ja thei^y snceeilairt^ redaaid fbttii 
then, at all tempoiatiires within fm tenge* almoit of ' 
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or hydrof?en h burnt, whilst in the other half, the oxygen and carbOn monoxide, or the 
oxygen and hydrogen, have lost the power of combining. 

The corabuBtion of gases appears therefore to take place in a manner very different 
from that which has been hitherto supposed. When a mixture of 2 vol. carbon 
monoxide and 1 vol. oxygen is set on fire, and its temperature thereby raised from 0® 
to 3033®, two-thirds of the carbon monoxide present remains in the unburnt and 
incom]>u»tiblc stiite ; the temperature is then lowered, by radiation and conduction, from 
3033® to 2oo8® without any combustion of this two-thirds of the carbon monoxide ; 
but when tlio temperature falls somewhat lower, combustion recommences, restoring 
the heat lost by radiation and conduction, and raising the temperature again to 2538®, 
hut not above that point. The grjidual fall of temperature from 3033® is followed 
]*y a continuance of the temperature of 2568° till exactly lialf of the carlrnn monoxitie 
is burnt, whereupon a third phase sets in, during which again no combustion takes 

f )lace till the inflamed gaseous mixture has cooled down to at least 1146°. As, 
lowevor, the gaseous mixture, after cooling, consists almost wholly of carbon dioxide, 
these alternate phases of eonstaiit and decreasing temperature must likewise l>o 
repeated below 1146°, till the last portion of gas is burnt. Tliis discontinuous 
ef>mbuslion of a uniform mixture of a combustible gas with oxygen is referrtKi by 
Bunsen :o a law of combination which hc established sr)mo years ago. (See Cuemic%l 
Affinity, i. 800.) 

In crjTinection with this investigation, Bunsen has determined, by special experi- 
ments, tb.o rat(5 of projmgation of the coiubiustion in a pure detonating mixture of 
liydrogen and oxygen, and likewisi; of carbon monoxide and oxygen ; in the fornuT 
he liiids the vidocity of propagation to be 34 iiudris per secotui ; in the latter less than 
1 metro ])er second. Wlien the explosive gjuseous mi.xtures are gradually mr>re and 
mitre diluted with a gas which does not take part in the combustion, the velix*ity of 
propagation is continually diminished, till at length, wlien the mixture has been 
brought to the very limit of inflaminabilily, the progress of the combustion may bo 
traced with the naked eye. 

The temperature and composition of the flame of a mixture of carbon monoxide an<l 
oxygen have also been investigated by Doville {Hull. Soc. Chim. [2J v. 111). When 
a mixture of those gases in the combining proportions (2 vol. CO to 1 vol. O) issues 
under slight prossuro from a jet having an area of a square millimotres, a flame 70 to 
100 min. liigh is formed, consisting of an inner and an outer conii. The outer cone, in 
which tlio combustion takes place, is deep blue at the base, yellowish or nearly' colour- 
less towards the apex ; in the inner cone, wdiich is only 10 mm. high, no combustion 
goes on, because the rapidity of displacement of the molecules is there superior to 
the very slow rate of propagation of heat in the mixture {vid. sup.). To collect the 
gases from the different parts of th.o flame, a silver tube piercoil with a small 
jvporturo was placiid acn^ss it in the part to bo examined, and the gases wore aspirsitod 
by passing a rapid stream of w'ater through the tube. They are thus rapidly coitled, 
pass along the tube together with the water, and are finally collected by means of a 
bent delivery-tube in jars sbmditig over a water-trough. 

'fhe tomperaturi's and composition of the different parts of the flame are exhibited 
in the following table ; 


TTeljrht above 
the orifice 

Correepondlng Teinpcrataro 

Compoeition of the 

Ka» 

CO 

O 

N 

67 mm. 

Melting heat of silver, and Blmve 

02 

21 3 

78*6 

54 

Molting heat of g»>ld 

6 2 

28 1 

657 

44 

Commencing white heat of platinum 

100 

20 0 

700 

35 

^ White heat of platinum 

17 3 

24*8 

57-9 

28 

Sirong white heat of platinum 

19 4 

26-5 

64 1 

Iff 

Intense wliito heat of platinum 

290 

25' 1 

459 

15 

Incipient fusion of platinum 

400 

329 

27*1 

^ ‘ 

Melting heat of platinum 

470 

860 

17 0 


Sparkling of the mclteil platinum 

55 3 

35*3 

9*4 


Still higher tempemturo 

551 

86*5 

8*4 



64*4 

33*8 

2*3 


* A little abova the apex of the inner cone. t Bocnewhet below the apex of the inmwr 

t Origiikal mixture. 
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ThfiM Btnnber* allow that the highest temperature is at the apex of the inner cone or 
a little below it ; that the temperature gradually diminishes towards the apex of the 
flamo; and that the (][uantity of carbon dioxide increases in the same proportion from 
the apex of the inner cone, whereas at most two-tliirds of the carbon monoxide ami 
oxygen enter into combination^ to tho vertex of the flamo itself, where earlmn 
monoxide can no longer be detected. At tho apex and edges of tho inner ct^ne, tho 
carbon monoxide and oxygen unite almost instantaneously, but only partially, on 
account of the very high tomperaturt' there existing. 

2. Luminosity of Flamc,-~iX has generally boon snpjM>sod that the light-giving 
power of a flame depends essentially «>n the presence of solid iiuvimlescent particles ; 
ami there is no doubt that the lumitiosity of a giise<ius tlame is vi ry greatly increaseil 
l>y intnxlucing into it a solid substance which can bo raistsl by it to a very high 
temiH^rature. Fmnklaml hsm, however, shown tliat it is pyssildc to ]ir«Kluco Very 
bright flames wdthout the intervention of stdid matter. JMebillic arsenic burnt in a 
stream of oxygen pnKluces an intense wliite flame, although both the metal itself and 
tlie pnxluct of its combustion (ursenious oxide) are gjiseous at the temperature of the 
Hamc. The combustion of a mixture of nitrogen dioxide ami carbon bisulphide also 
prmluccs a dazzling white flame, without any separation of solid matter. 

The conditions most essential to luminosity in a flame are a high temjH'mture and 
the presence of gases or vapours of consuh‘rai)lo density. 'I'he etl’eet 4 )f liigh tempora- 
luro is soon in the greater brightnes.s of the flame of sulphur, ]dios[(borus, and imloi^d 
all subsUtnees, when Vmrnt in pure oxygon, n.s compart'd with that wliich rt'suUa from 
tht'ir combustion in common air. The relutit)n Itetween tlu^ luminosity t»f a flame 
and the vapour-densities of its constituents may bo seen front the following table, in 
which tho vapour-densities are reft rred to that of hydrogen as unity : 

Ketative densitUs of gases and vapours. 

Hydrogen • . , . 1 Arsenious chloride , . 1)3 

Water. .... 9 JMiosphoric oxido . 71, or 142 

Hydrochloric acid . . IflJ Motallic arsenic . . JoO 

Carlxm dioxide , , .22 Arsenious oxido , .198 

Sulphur dioxide . . .32 j 

A comparison of those numbers shows that, the l^rigblcst flames are those which 
contain the densest vapfuirs. Hydrogen burning in chlorine produeos a vafsair mope 
than twice as heavy as that resulting from its combustion in oxygt'ti, and accordingly 
tho light produceti in the former case is stnmgcr than in the hitler; carbon ami 
sulphur burning in oxygen prcxluce vaixairs of still greater <lensily, namely, carbon 
dioxide and sulphur dioxide, and their crtmlmstion gives a still brighter light; lastly, 
]*liosphorus, which has a very dense vapour, and likewise yiohis a pnsluct, great 
vais>ur-<ienHity, bums in oxygen with a brilliancy which the eye can scnrc<'ly endure. 
^Moreover, tho luminc^sity of a flame is increascil by condensing the Kum)umlinggase<jus 
atmfMsphore, and diminished by rarefying it. The flume of arsenie burning in oxygen 
may be rendercKl quite feeble by rarefying the oxygen ; an<l on the contrary the faint 
flame of any ortlinary spirit lamp liocomes very l^right when placed uneler tho receiver 
of a condensing pump. Frankland hiis also frmml that candles give much less light 
when burning on the top of Mont Blanc than in tho valley l>clow, although tho rate of 
combustion in the two cases is nearly the same (i. 1 100). Tho effect of (vmdensation 
in increasing the brightness of a flamo is als^j strikingly soon in the combustion of a 
mixture of oxygen and hydrogen, which gives but n feeble light when burnt under tho 
ortlinanr atmospheric pressure, os in the oxy-hydrogen blowpipe, but il.mry bnght 
flash when exploded in the Cavendish eudiometer, in which the water vajfkmr produced 
by the combustion is prevented from expanding. 

Under a pressure of ten atm(»sphercs, the flame of hydrogen, and still ntoro that of 
carlx>n>monQxide burning in oxygen, gives a bright light and a cvmtinnous spectrum. 
The electric spark is more luminous in pn>portion as the ips or rapour thrrmgh which 
it passes has a greater density. The feeVdo light produced by the combustion of 
phosphorus in chlorine, which yields a very dense product, (PCI*), appeanir to be dti# 
Ui tho low temperature of the flame. Strc^ngly heate<l phosphonis-Tapour Irattu in 
hot chlorine with a daxxUng white light. ^ 

The brightness of ordinary lamp, candle, and gas flames is due, not* fls 
supposed, to the separation of solid particles of carlion, but to that of wmy dsnss 
hydiocarbons, which jnodnee the same effect as the rapours of arsenie ana |i}iospbonui 
in their respective flames. TIust such is the case is snown, first by Uth psrfeet trans^ 
psrency of the flame, which is quite inconsistent with the prssetice of Smtd patiiclss ; 
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■secondly by tlio nature of the soot or lampbltwk dej^sited ftx>|n it, which is Well 
known not to consist of pure carbon, but to contain considerable quantities of hydrogen 
(Frankland, Journal of Gas-lighting ^ July 1S67, p. 2D1 ; Proc, Roy, 8oc, :l\\. 419X 

8. Conditions of Ex'pl os ion Phil, TVaas. 1869; Qhem, iSiw. Jl {21 viii. 

41 ; abstr. Proc. Boy. Soc. xvi. 395). — The degree of rapidity with which an explosive 
substance undergoes metamorphosis, as also the nature and results of such diange, 
are in the greater number of instances susceptible of several modifications, by 
variation of the circumstances under which the conditions essential to chemical change 
are fulfilled. J^^xcellent illustrations of the modes by which such modifications may 
bo brought about are furnished by gun-cotton, which may bo made to burn very 
slowly and almost without flame, to inflame with great rapidity but without develop' 
ment of groat explosive force, or to exercise a violent destructive action, accoiding as 
the mo(lo of applying heat, the circumstances attending its application, and the 
mechanical conditions of the explosive agent are modified. In general, the explosion 
is more violent and the combustion more complete in proportion to the amount of 
resistance offered at the commencement of the combustion to the escape of the gases — 
in other worcls, in proportion as the strength of the receptacle enclosing the gun-cotton, 
and the consequent initial pressure developed by the explosion, is increased. (See 
Pyhoxylin, iv. 779.) 

Other explosive compounds and mixtures are similarly influenced by the circum- 
stances attending their metamorphosis. A charge of gunpowder in a cylindrical tin 
case, fired by a fuse in8crto<l near the boltom, oxphKles mucli more violently than the 
same charge ignited by a fuse placed just beneath the surface ; in the first instance 
the main body of the charge acts at the moment of ignition as tamping does in a 
blast-hole, by presenting a resistance U) the o.scapo of the gases generated, and thus 
for a moment ostablisliing the pressure essential to the violent and perfect explosion 
of the powder first inflamed, whereupon the same character of explosion extends 
tliroughout the charge. In like manner mercuric f ulnfinaie, (5() .grains) inflamed 
by bringing an incandescent platinum wire just in contact with the surface or 
etlgo of the heap, explodes with a dull report, and p^*oduces no effect on a flat 
plate of copper sheet on which it rests ; but a much smaller quantity (15^ grains) 
of tlio sanm fulminate heaped up over the platinum wire produces a sharp and 
violent explosion, the force of which deeply indents and bonds up the support of sheet 
copper. 

The volume of the explosion of a small quantity of silver fulminate confined in a 
case of stout sheet motivl is very decidedly greater than if a corresponding quantity bo 
enclosed in metal foil, or freely exposed to air and inflamed in the same manner. Tho 
violence of explosion of iodide of niirtjgen is very decidedly increased by enclosing it 
in an envolopo or shell of plaster of Paris, or, bettor still, in a case of sheet mebil, 
while tho chloride of nitrogen explodes with but comparatively little violence, unless it 
is confined. Tho ropntivtion which this 8ul>sti\nco has enjoyed of being the most 
violent explosive bcxly known, appears to bo due to the fact that experiments on its 
explosion have always been conducted with a covering of water upon tho material. 
Three or fours drops (about 014 grm, = 2 grains) placed in a watch-glass covered 
only with a thin layer of water, exphxlo with a sharp report when touched with tur- 
pentine, and almost pulverise the glass ; but similar quantities, of which tho upper 
surfaces wore exposed to air, have roptvvtodly cxplotle^l in watch-glasses without 

breaking them. Two grms. of the ohlori<le, containe^l in a watch-glass, and covered 
with a thin layer of water, were placed upon a small solid cylinder of hard papier 
fiidch^ which rested upon paving. A violent explosion was prtxluced by touching tho 
chloride with turjiontine, the watch-glass was pulverisotl and dispersed, and the 
cylinder was greatly shattereti, fragments being projected in all directions. Four 
grms. of the chloride, with tho upj>or surface exposed to air and placed upon a similar 
cylinder of papier wdeW, prtxluced a comparatively very feeble explosion ; the watch- 
glass war broken, but the cylinder was not in the slightest degree affected, and 
remained undisturbed in its original position. A repetition of the experiment with 
4 grms. of the chloride, enclosed by a thin layer of water, produced complete disintegra- 
tion of the cylinder. It nppeivrs from these results that, in tho case of the chloride of 
nitrogen, tho decomposition of which is of an instantaneous character, the resistance 
offer^ at the moment by the layer of water acts as effectually in intensifying tho 
force of explosion as a thin sheet-metal case does with the mercuric fulminate, or as 
a strong iron shell -with gun-cotton or gunpowder. 

Nitroglycerin or Glono'in., which l^ars some resemblance to chloride of nitro- 
gen in the suddenness of its explosion, requires the fulfilment of apodal conditioiu for 
the f\ill development of its explosive force. Its explosion by tho simple action of heat 
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OKD 1)e«ie60injfliilte4 pvHy whem^ the source of heat is applied for a cousfderablo time 
io such a that chemical decomposition is establish^ in some portion of the mass, 
nod is fisToirsd by the continued application of heat to that j>art. Under these 
circumstancM the ohenrical change proceeds witii very rapidly ncoelemting violence, 
ai^ eventually brings about.a sudden transformation of the heated portion into gaaooua 
products, which transformation is instantly commiinioatetl throughout the maws of 
nitroglycerin, so that confinement of the substiineo is not nwessury to develop its 
full explosive force. This result can be obtained more exjwditiimsly, and with greater 
certainty, by exposing the substance to tiie concussivo action of a detonation pr«Hluo<Ml 
by the ignition of a small quantity of fulminating powder, closely confined and placed 
in contact with or near to the nitroglycerin. 

The development of the violent explosive action of nitrv)glycerin freely exp>»fxl to 
air through the agency of a detonation was regarded until recently as a peetdiarity of 
that substance; but Abel’s experiments liavo whowii that gun-cotton and other 
explosive compounds and mixtures do not nocowsarily require confinenunit. fur tlio full 
development of their explosive force, this result being olitained (and vi'ry readily in 
sumo instances, especially in that of gun-cotton) by means similar to those applied ia 
the case of nitr<^lycerin, viz. by the percussive action of a detonation. 

The action of a detonation in d«*tormining the violent explosion of gnn-cotton, 
nitn>glycerin, &c., cannot bo ascribed to tho <lir«vl operation of the hint develo]>ed by 
the chemical changes of the charge of detonating cnnqxmnd used as the cxi»loding 
agent. An experimental comparison of the mechanical force exerted by ditferent 
explosive cf)mpound8, and by the same coinpotiml employed in <Iificrtjnt ways, Iiaw 
sliown that tho remarkable power exhibitecl by the exj)losion of small (plant it ies of 
c(*rtain bodies (the mercuric and argentic fulminates) to accomplish tho dttonation of 
gun-cotton, while comparatively large quantities of other highly cxjtlosivo agents are 
incapaVfie of producing this result, is gonernlly ncconnt<Hl for in a satisfactory manner 
by tile difTerence in the amount of force suddenly brought to bear in the dirtenmt 
instances upon some p<»rtion of the mass operaU<l upon. Most gomuiilly, thercfoi’e, 
the degree of facility with which tho detonation of a substunco will dcvcloj) similar 
change in a neighbouring explosive substance maybe regarded as i>roj>ort ioimle to tho 
amount of forca developed within the shortest sjwice of time by that delonul ion, tlm 
latter being, in fact, analogous in its operation to that of a blow from a hammer or of 
tho imptvet of a projectile. 

Sevenil remarkable results of an exceptional character have, however, been obtainrxl, 
which indicate that the development of explosive force under the circuinstancoH 
referred to is not always simplv ascribable to the suihlcn operation of mechanical 
force. Thus silver fulminate, wliich explodes much more Hiiddonlv and with much 
more powerful local force than mercuric fulminate, noverlheless, when applied nnd(?r 
tlie same conditions, does not induce thecxplowion of gun-cotton so readily ns mercuric 
fulminate. 5 grains of mercuric fulminate enchmed in a cas<! of stout sheet uiebil anil 
exploded in close contact with comprosBed gun-cotton, caustHl the ch-Uination of the 
latter; but 6 grains of silver fulminate enclose<i in tin-foil, though it af>poared to 
produce quite as sharp a detonation ns tho same (juantity of tho mercury wait enclow<(d 
in the stout cose, did not explode gun-cotton with which it was surrounded, but merely 
sc.vttered the mass ; when enclosed in tho stout sheet-meUil case, however, tho 
5 grains of silver fulminate accompdished the detonation of tho gun-cydton. Iodide and 
chh)rido of nitrogen are much more suscojitiblo of sudden fixp>lo«ion even than silver 
fulminate; nevertheloss tho iodide does not appear to be mpjaldo of causing tho 
explosion of compressed g^n-cotton ; and the chloride of nitrogen shows but littlo 
capability of producing the same effect, 60 grains being the smallest quantitv that 
will answer tho purpose. I^astly, it is found that nitroglycf-rin when oxplodefi by a 
charge of mercuric fulminate will not bring about tho explosion of comp>reBsed gun^ 
c*ott^n placed in contact with it, tliough under yirccisely similar circumstances tho 
explosion of gun-cotton or of nitroglycerin will induce the explosion of a laiger mass 
of its own kind. 

These results point to the conclusion that tho effect of the detonatJon of one sub- 
stance in causing the explosion of another depends not only on the force, but also on 
the nature of the vibrations developed in the former, tho most prol>able explanation of 
the observed results being that the vibrations attendant upon a particular explosion, 
if Bynchronous with those which would result from the explosion of a neighbouring 
substance in a state of high chemical tension, will, by their tendency to develop thoM 
vibrations, either determine the explosion of that substance, or, at least, greatly aid 
the disturbing effect of mechanical fijrce suddenly applied, while, in the instance of 
another explosion, which develops vibratory impulses of a different character, the 
toechnnical force applied through its agency has to operate with little or no aid, so 
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Ihal greater force or a more powerful detonation is required in. the latter eu, 

accompltBlt the same result. ... i • ^ 

Instonces of the apparently simultaneous explosion of numerous distinct and even 
somZ/mt widely separated masses ot expteiuo substances fsnch as simultaneous espl„. 
ZZ in seroral distinct building at powder-mtUs) occur pot unl^uentty, in which 
the goncriition of a disruptive impulse by the nrsfc or initiative explosion, which is 
CftmmunicaUHi with extreme rapidity to contiguous masses of the same nature, appeaiij 
much more likely to be the operating cause, than .that the simultaneous explosion 
should he brought uhout by the direct operation of heat and mechanical force dorelopxl 
Jy the starting explosion. 

The explosion of gun-cotton and gunpowder by the agency of detonation is much 
more suddon and violent than wlion the same substances are exploded, even in confined 
spaces, by tlie simple agency of heat. This has been abundantly proved, in the case of 
gun-cotton, by blasting oponiLions in various descriptions of rock, and by measurement 
of tho comparjitivo destructive eftect of charges exploded under water. Charges 
of gun-cotton contained in blast-holes, and having a dcUmating fuse inserted in or 
placed immediately over them, have produced much greater rending and shattering 
effects in hard rock and in W(K>d (although the blast-holes were left entirely open, fir 
only filled with loose sand, earth, or powdereil nx'k) tlian corresponding charges 
applied in similar positions, but fired with ordinary fuses, although in the latter 
instances the gun-cotton was confined by ‘ tamping,’ or firmly closing the blast-hole to 
a considerable depth. A scries of systematic experiments has been carried on at 
(Chatham by tho Government Committe.o on Floating Olistruclions, with the view of 
comparing tlie destructive power of gunpowder and gun-cotton, in which charges of 
these materials were exphsled in proximity to submerged targets, wnth systematic 
variations of tho strength of the cases containing the chai'gcs, the depth of their 
iiiiiner.Mion laoieath the surface, und their distances from tlie birgcts. Tlie results of 
t hose experiments warraiiteil the conclusion that gun-cotton, when ct^)nfinod in cases of 
sufficient strength to develop its full explosive action, exerts a destructive efieot 
eipial to about five tinie.s tliat <jf gunpowder. A few experiments to compare with 
tln*se have been recently instituted with charges of guii-coUon enclosed in thin shoot- 
metal CJiscs and exphxh'd by means of detonating fuses, and in these the destructive 
action upon vortical targets, placed at very considerablo di.'<tunces from tho chaigos, 
was from ten to twelve times greater than that of gunpowder. The concussion 
inipartcil through the water to considerable dLsbinces, by the explosion of small 
charges (2 tx> 3 II).) of gun-cotton in the new manner, very greatly exceeded in their 
etfoets the results pro<lucc«l by the explosion of subniorge*d charges by tho ordinary 
method. 

An examination of the docomposition-prwluets of gun-cotton cxploilod by deb>nation 
has shown that, they do not differ in any impf>rtant resp(>ct from those obtaino«l by tho 
complete mctamorphosi.s of tho .substance when exploded in strong shelKs un<ler ordi- 
nary condit ions (iv. 779). The incrcHsed destructive effect developed by the explosion 
thixmgh tho agency of detonation must therotbro be ascribed to tho greater rapidity of 
the explosion under thc.so conditions. The onlinary explosion of gun-cotton is 
attended by a considerable limly of fiamo, due to the ignition of the goneratcxl carbonic 
oxide; but the detonation of gun-cotbm is attendoil imly by a sudden flash, wliich it 
is very difficult to observe in daylight if only small quantities are exploded. Tho 
transformation of the solid intogas appears, in fact, to be too sudden for tho generatod 
combustible gas to become inflamwi. 


OOWCBXW XNS. Syn. with Quiniutxk. 

COXgriSSSrMrB. Syn. with AVniGHTiyK (v. 1018). 

OOananrmiirB. C*II'’NO = (ii. l).— Wertheim (Wien. Mad. 

JBer. xlvi. [2] 299) obtained from 333 kilogrms. of fresh hemlock-seeds 700 gnus, of 
pure conine, and rather more tlian 40 grms. of pure conhydrine, tho greater part of 
tlio latter being obtaimxl by fractional distillation of the crude conine, s smaller 
portion from the resi<lucs in the still. These residues, after neutralisation with 
sulphuric acid and filtration fron> the separated gypsum, were evaporated to drynesa, 
exhausted with strong alcohol, and the extract again evaporated was agitated with 
strong potash-ley and other; tlie conhydrine which renu^inod after spontaneous 
evaporation was obtained p\ire by one reerystallisation from other. 

C&nhydrine melts at 120*0®, and boils at 22d'45® (l>ar, at 719*8 mm,). It is not 
acted upon by nitrous acid, but by phosphoric anhydride or by sodium it is converted 
into conine» With mercuric oxide it resiniscs without giving off gas. Conhydrms 
tnipfMtef which is easily soluble in water and in alcohol, crystaUises in flat, rather 
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liArd prisms ; the ’^raie is somefwhat l(^ss soluble, and fl^dually solidifies to a 
crystalline mass. The hydrocMoride and aceiate are uncrjstaTlisable. 

Ethyl-conhydrines, — When conhydrine is heated with ethyl iodide, a brisk 
reaction takes place, and ethyl -conhydrine hydriodide, C*iI**(C*Il*)NO. HI, 
is obtained, as an easily soluble cty’stalline mass ; and this, when decomposed by 
potash-leyt ^dds ethyl-conhydrine as an oil which also solidifies in the crystalline 
form. It distils without decomposition, and is more soluble in ether than con- 
hydrine, Heated with ethyl iodide, it solidifies to a mass consisting; of dicthyl- 
conhydrine hydriodide, C*Il*^(C^U*)’NO. HI, w'hieh g;rmlually soi^aratcs from 
its almost syrupy aqueous solution, in small hanl crystjils, having; an almost 
aAlamaiitino lustre, and consisting;, acconiing to mojvsuremcnta by /a'pharovich ( Wien. 
Akad, Ber. xlvii. [1] 27*'>), of rhtmibic .spheiioido-liciuiludral combinations of 

+ ^ — , oP, poo , tlic face - goncrally occurring alone. Axes a : /> : c = ()-88‘23 : 

2 2 2 


1 : 105. This salt docompofiefl with silver oxide yields a caustic bitter synip which 
rapidly ab8orl>s carbonic acid. The hydrochi nrith' of tins ammonium-baso is vety 
tioliiblc in water and crvstnllises slowly in thin in'etlles; the platinochloridc^ 
[< '''Ji**(C*lP)*NO . Cl]*. PtCl*, is a light winc-ycllow precipitate which separites from 
liot water in Ixmiitiful orange-red crystals coi^sisting, ammJing U> /ephartwich, of 
quadratic combinations P.2P.yP. ooP. F<»r P, the ratio of the secondary axes to tho 
principal axis is I : 0-8079. Angle P : P (terminal) — 113*^31'; 1* : P (basal) «. 
7H" 21'; 2P : 2P (terminal) - 98^ 11' ; 2P : 2P (basal) 135° 40'; 9P : fiP 
(terminal) = 90° 28' ; OP : 9P (basal) = 109^ 39', 


iizooontiydrlne. C‘'ll“^N*0. — The near agreement of tho vnjM>ur-density, 5-39, 
calculated from this formula with that fimnd by exporinn'ut (in three experimentn, 
5 t37, 5*691, and 5*410) shows that the bwinula (.'**lPbN’^0* originally given to this 
substance (ii. 964) was too high. liasanl hydrotjen (zinc and hydrochloric acid) 
converts ozoconhydrino into coninc : 

+ IP = CHP^N + JT*0 + NIP. 

When azoconhydrino is heated to 160° with metallic nodinm broken into small piocci 
by agitation while in the melted state, it giv«'K oft' a lai'go quantity of g>iH (J 1*5 p. c. 
hy<lrr»gen to 88 nitrogen), and loaves a resi<bie eonUiining a large quantity of conine, 
together with unaltertxl azoconhy<lrine ; perhaps thus : 


and 


4C"n'‘N*0 + lONa = ICMI'^N + 2Nn*Na + 4Na*0 + N* 
Azoconhydrino. Conlno, Skxlmnhlc. 8o«tliim 

oxide. 

2C‘‘H"'N=0* -h 4Na - 2C-II''N + 2Xa*0 -t N* -f IP. 


Az<>cr>nliy<lrino dissolves abundantly in coiJc«'nt rated acetic or formic acid, and absorbs 
largo quantities of anhydrous hydrocyanic acid, but the result ing comp^mnds aredooom- 
t»osed by water and by hefiLing to 100° (Wertheini, Wien. Akad.. Her. xlvii. [2] 491), 

COirZl<SlUCV, C*HP-0'* (Kubel, J. pr. Chem. xcvii. 243 ; Jahrteh. 1866, p, 675). 
- glucv)sido occurring in the r.ambium of conlfcnnjK wofxls (Aides rxcelsa, A. pectinalaf 
SfrohicAt P, Cemhrat lAirix enroptea). It forms ncedle-sbaped crystals containing 
('.« 3 j[» 2 Qi 3 jjjjsQ effloresce in «lry air u*al give off all their water at JOO® ; 

melt 8 at 1 85°, and carbonises at a higher temiK-raturo, giving off the (slour of caramel ; 
diss^ilvos easily in hot water, sparingly in coI<l water and in alcohol, and is insoluble 
in ctlier. The aqueous solution ta-stes faintly bitter, and turns tho piano of polarisa- 
tion to the left. Boiled with dilute acids it gives off an odour of vanilla, and dop^isits 
a resinous body insoluble in alkalis, white tho filtrate contains a dextivtgyrate sugar. 
‘Strong sulphuric acid in contact with coniferin or the resinous Ixxly just mentioned 
t^cquirea a characteristic dark violet Cfdour* and on adding water a precipitkto i» 
formed which gives to the liquid an indigo-blue colour. By this reaction eoniferin 
may be detected in coniferous woods, namely, by moistening a firesh section with 
strong sulphuric acid ; the young wood and tho bast exhibit a violet oolour. 

coanen, — Schiff {Ann. Ch. Pharm. clrii. 352) has obtain^ this I>w 

synthetically by heating normal but vric aldehyde, C^H*0, with alcoholic ammonia, 
whereby a base, dihutynddine, C*IP’NO « 2CWO + NIP - H*0, is obtained, and 
subjecting this base to diy distillation: C*H*'NO — H*0 *» 

COWTUOniU C*H*<(ii. 964). — Th'is hydrocarbon, pmduml bv the action of 
pboe^<Mric anhydride on azoconhydrine, is mixed with a less volatile body not yet 
examined. It docs not appear to las poisonous. 

When 9 pta. (1 mol.) conyleue bromide, are heated to J20°-i40^ with 
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11 DtB (2 mol.) silver acetate and a small quantity of glacial ac^o acid, eonyle'n* 
di acetate is formed, having an acid reaction, an odour of 

peppermint,’ a sp. gr. of 0 988 at 18 2^ and boiling at 225®. This acetate, distilled 
with pulverised potassium hydrate at a temporature above 230^, gives off, first a pale 
vollow oily liquid, and then a smaller quantity of a very viscid distillate. The latter 
18 lighter than water, insoluble therein, but soluble in alcohol and ether, and has the 
composition of conylone alcohol, (C*'H»)''( HO)*. The more volatile distillate 
has the composition of di cony lone alcohol, or but the 

lower boiling point renders this view of its constitution somewhat improbable 
(Wertheim, /oc. 


COOMLMXVWl* A silicate occurring, togetherwith red tourmaline and lepidolite, in the 
granite formation of Hebron and Paris in the State of Maine. It is white, sometimes 
vollowish-green, with a nacreous lustre ; hardness = 2*5 ; sp. gr. = 2*70. Its analysis 
gave 34*93 p. c. SiO*, 44*91 AlW, 2*57 K'"0, 2*82 Li'^O, 0*47 SiF\ 13*41 H^O, and 
0*38 hygroscopic water, a composition nearly the same as that of euphyllite and 
margarite (G. J. Brush, Sill* Am. J. [2] xli. 246). 

COPikrBA. BA.Xi8iLlliC, According to Roussin {J. Pfiarm. [4] i. 221), the 
hanlening of this balsam hy lime or magnesia depends upon the presence of a 
certain quantity of water (about of the balsam), the lime or magnesia being thereby 
converted into a hj’^drato which unites with the balsam. 

The variety of c/ipaiba balsam from Maracaibo in Columbia has been examined by 
Strauss (Avn. Ch. Pluirm. cxlviii. 148 ; Zeitsehr, f. Chc7n. [2] v. 30p. It h.as a 
wine-yellow colour, syrupy consistence, .*in<l .sp. gr. = 0*900 at 15°; dissolves in all 
proportions in alcohol, ether, and benzol. AVith ammonia it forms a clear solution, 
which liecoines turbid on addition of a largo quantity of water, and with magnesia a 

f ilastic soapy mass ; it is coloured brown-red by strong sulphuric acid ; does not smell 
ike turpentine when heated. 

On lx}iling this balsam with weak soda-ley, the greater part of the volatile oil 
separates on the surface. This oil, when dohydnited over calcium chloride and 
rectified, is limpid, has a pleasant aromatic odour and burning bitter taste. Sp. gr. 
0*921 at 10°. Boiling point 25()°-260°. It di.ssolvos in ether, benzol, and chloroform, 
in about 3 pts. of cold absolute alcohc)!, more readily in hot alcohol, and separates 
from this solution on cooling. It is coloured yellow by dilute nitric acid, deep red by 
nitric acid of sp. gr, 1 41, the latter after a few minutes oxidising it violently, and 
forming a resinous mass which disH^dves at the heat of the water-bath in the super- 
natant liquid, the solution when evaporated leaving a resinous residue soluble with 
rod colour in potash-ley ; hydrochloric acid adde<l to the pfitasli solution throws down 
an amorphous substance soluble in alcohol. The vapour-density of the oil, which is 
nearly 9*5, shows that its molecular formula is 

Metaoopaivic Acid. — When the alkaline resin-solution decanted from 

the volatile oil is mixed with sjvl-ammoniac, the rosin-soaps rise to the surface together 
with the volatile oil still dissolvwl in the liquid ; and on adding hydrochloric acid to 
the ammoniacal solution filtered through moisteno<l paper, metJicopaivic acid rises to the 
surface in the form of a fl<K‘eulent substance which may be dried in the air, and 
purified by repeated crj'stJillisation from boiling alcohol. It crysbillises in laminae, 
dissolves in alcohol and other, in petroleum only when heated ; is insoluble in water; 
melts at 205°-206° ; ha.s an acid reaction ; an<l decomposes carbonates. Ita neutral 
solution in ammonia forms white precipitates with calcium, barium, and lead salts. The 
ttilvfT salt C'"lP‘'0*Ag’ + IPO is sparingly soluble in water, eivsily soluble in ammonia, 
and becomes anhydrous at 150°. The cupric salt C'-^IP^O^Cu . H*0 is a bluish-green 
precipitate. The sodium salt forms very hygivKscopic crj^stals. 

The quantity of motaeopaivic acid in the l>al.‘«im is very small. Strauss regards 
It as probably identical with Werner’s gurgunic acid obtained by treating wood-oil or 
gurgun balsam (i, 495) with potash-ley, although the melting point of the latter, a« 
given by Werner (Jahresh. 1862, p. 462), is 14° or 16° higher. 

According to Fliickiger (J. pr. Chem. ci. 235). Maracailm bal^m is optically dextro- 
|{yn\te, Maranha balstvm laevogyrato, aiwl a mixture of the two in certain proportions 
w optically inaqtmik 

OOWB8I* Atomic Weight 63*4. Kquivalent 31*7. — Field a. Abel {Chem. Soe, J, 
|[2] i. 89) have examined the impurities in native copper from several localities. In 
thick plates of copper from Chile (the so-called Charqtti copper) covered on both sides 
with t^c and chlorite, they found only traces of bismuth and silver. Two specimens 
of Minnesota copper fifom Lake Superior contained 0*56 p. c. silver without any 
Other atlmixture ; a tlu>tl ccnisiste^l, to about ^ of its entire mass, of native silver* 
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bccurring in containing a trace of lead. A apecimon of Siberian 

copper, occurring with green alto^d arragonito and euperflcialiy converted into rt'd 
ci>pper ore, wiw found to be very impure, oontaining 1-28 p. c. arsenic, togetlior with 
snuiil quantities of silver, bismuth, and leivd. Native copper from Algadon Bay in 
Btdivia was found by v. Bibra («/. Ckem. xevi. 193) to contain, on the average* 
97'd p. c. copper, iron, 0’3 silicon, and a trace of antimony. 

Copper is contained to the amount of A-9 p. c. in turacin, the red pigment of the 
witig-leathors of the Turaco (Church, 6'Acm. News, xix. 266). 

Metallurgy . — A method of extracting copper from poor ores containing lime or 
dolomite is describecl by G. Bischof {I^nd. Journal of Arts, 1802, p. 277 ; Dingl, 
j)ol. J. clxv. 31 ; feikresb. 1862, p. 649). It consists cssentiatly in igniting the ores 
(in a lime-kiln) at a moderate hojit, partly removing the lime and magnesia by 
washing, and fusing the residue with iron pyrites (6 pis. to 1 pt. of copj>or) t«) obtain 
c-(‘nrAf 7/1^0^ (ii. 23). The latter is finely pulvoriseil, uiul roastcnl in mu file -furnaces for 
ft long time at a low rtnl heat, ami the nmstetl prshiet is Hxiviiitw.1, whereby it is 
nsolved into a solution of cupric sulphate and a residue from which the cupric oxide 
i.s extracted by dilute sulphuric acid. The eopjH-r is then precipiUtinl frt)ra the 
sulphate solution by metallic ir(jn. w'ashod with liquids containing copp<r, freinl from 
arsenic and antimony by roasting, and finally ineltwl. A nuthoil of extracting 
copper from poor sulphurous ores, practised at Foldal in Norway, is described by 
Weltz {Dingl. ^7^. «/. clxiv. 289; Jahresh. 1862. p. 648). Sei> also II. Wagner 
( y/oi*;/'. clxxxiii. 338 ; Juhresb. 1867, p. 889); Aubel {iJingl. clxxxiv. 137; Jokresb, 
ihid.]. Chijwlo {Dingl. clxxx. 860) deserihes a pit)C<‘H8 for <»bLiiinin^ refined copper 
at (*uo operation from sulphuretUnl ores. It consists essentially m smelting the 
r''aste<l ore with chart^jal in a furnace so constructed that the cojirso copper, as it is 
firmed, may run off into a iH'verboratory furnace, wlierc it is converted into refinotl 
cop|KT by tlio united action of air and over-heate<l steam. 

An examination of the priMlucts of the MannsfeM process (i. 31) in it^i several 
stages luiH been made by G. .Steinbeck {Inaugural Dissertation, Ilalle, 1862 ; Jahresb, 
ISr,2, p. 643). 

Many kinds of pyriU'S which are burnt for ibo prepinition of sulphuric acid 
C'liifftin sufficient copper to render its oxiraction fr»>m Iho rt'siducs romunenitivo, 
Ibietfelly {Isjnd. Joiimal of Arts, May 1802, p. 278 ; Dep, Chim. ap]). iv, 381) rousts 
these residues a second time, lixiviates the pnxluct witli an aci<l solution of luangtinous 
chloride (residues of clilorino manufacture), and precipitates the copper from tho 
resulting solution (which must contain free .acids) by means of the basic culcium 
sulphide of tho scxla manufacture. The precipitated sulphide is then treiitwl by tho 
ordinary methods. For other motlKKls of treating these cupriferous pyrites residues, 
see liichardson an<l Watts’s Chemical Technology, pt. iii. p. 73, and pt. v. p. 206. 

F<^r tho electrolytic precipiUition of copper from jxnir cemenbition-watcrs (ii. 86), 
Patera {Dingl, clxxxiv. 134) passes the H<)lutions slowly through an apparatus in 
which tho positive polo is l\»rmod of iron plates immersed in a pjrous cell containing 
hydrochloric acid or soluli<m of common salt, and tho negative j>olo of granulated 
copper or coko connected with the iron by a cf>pp€^r wire. 


Im purities in Commercial Copper. — Tho quantities of different non- 
rnetallic impurities, esf)ccially oxygen, in sev<5ral kinds of refined copper have been 
determined by Al>el {Chem. Soc, J. [2] ii. 164). Ingots of Kapundn w>p|>©r (which is 
remarkably free from metallic impurities) having depressions on their upper surface 
were found to contain s larger projs>rtion of cuprous oxide (1'704 to 2’68l p, c.) than 
those with even surface (0-866 to 1-409 p. c. ) ; tho latter also exhibited a rejralar 
<iwroa8e in the proportion of cupri»us oxide irom tho surface to the middle of thq 
l*ar. Copper fused in a crucible lined with charcf7Bl and loft to solidity without 
access of air, did not contain a trace of cuprous oxide if tho fusion had Mon long 
t^mtinned; in tho con traiy case it was found to contain a small quantity (0*18 to 
0*19 p. c.). When the copper fused in the charcoaled crucible waa cooled in 
contact with the air, spitting Uxik place shortly before cfjmplcte solidification, and the 
metal then contained oxygen. Several varieties of copjTer from tbs Haford works 
the following percent^es of cuprous oxide ; 


Overpoied copper . 
Tongn-pitch copper 
Half-poled copper . 

Jhy copper, inner portion 
„ „ outer portion 


CTuprotM oxUislii 
loOfMicts 
0 228 to 0'867 
0 223 „ 0*321 
1*616 „ 1*873 
3*760 „ 8*782 
4*631 „ 4 668 
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Carfjon vas not det4icted with certainty in Alton and Kapunda copper remelted 
with charcoal ; but Alton copper and a specimen from North America were found to 
contain a trace (at most 0 003 p. c.) of selenium ; copper from Copiapo, Manilla, and 
Hun^ijary was found to be free from that element. The amount of sulphur found in 
various kinds of copper, by four hours’ ignition in a stream of hydrogen, was alxiut 
0 005 p. c. ; phosphorus and nitrogen could not be detected. 

Detection and Estimation . — A borax bead containing only a small quantity 
of copper remains transparent and colourless when hoatM in the reducing flame, and 
then left to cool, especially if the bead itself is not very large and the heating has 
been long continued. If gently heated again it becomes ruby-coloured an<l trans- 
parent, but the colour disappears if the heat is too strong (Gerland, Bxdl. Soc. Chim. 

For quantitative estimation copper may be precipitated : 

a. In the metallic state, by electrolysis. The solution of the sulphate ia 
poured into a small platinum dish serving as the nepitive polo of a battery of one or 
two elements, the positive pole being formed by a thick platinum wire dipping into the 
solution. The copper, which is dojx>sited in iho disli in a few hours in the form of a 
shining film, is washed with distilletl water, dried over sulphuric acid in a vacuum, 
and weighed in the dish (W. GibV)s, Sill. Am. J. [2] xxxix. 58). See also Luokow 
{Jakresh. 1865, p. 085). Ullgrcn {Zeifsekr. f. Ch^m. [2] v. 307) uses for this purjKiso 
a glass tube lialf an inch wide, closed at the bottom with a piece of bladder, and 
loosely at the top with a cork, through which a strip of zinc may bo moved up and 
down. The tube filled to ^ wdth sojution of common salt is immersed to a small 
depth into the copper solution acidulated wdth sulphuric acid; and the strip of zinc 
dipping into the salt-solution is connected with a piece of platinum foil, on wdiich is 
placed the platinum dish containing the copper solution. The rate of deposition of 
the copper may be regulated by immersing the zinc more or less deeply in the salt- 
B(dution ; the more slowly it bikes place the more compact is the deposit. 

/3. Copper may be estimated as cuprous sulphide, Cu^S (containing 70*85 p. c. 
copper), by precipitating it as cupric sultdiido from th(^ solution of the sulphate or 
olilorido with hydrogen sulphide, and stivmgly igniting the washed and dried 
precipitate in a porcelain crucible through which a stream of hydrogen is directed by a 
tube passing through the perforated platinum li<l (11. Rose, i*ogg. Ann. cx. 120). In 
in'eclpituting copper with hyclrogon sulphide, it is bc.st to keep the solution at the 
ooiling heat; the precipitate is then compact and does not oxidise in washing. Tlie 
copper may also bo at once precipitated a^i cuprous sulphide by addition of sodium 
hyposulphite to the solution of the sulphate, previously freed from hydrochloric and 
nitric acids by evaponition to dryness wdth sulphuric acid (Flajidot, A7in, Ch. Phgs. 
[3] xxxix. 460). The precipitate is ignite<l, as. above, in an atmosphere of hydrogen, 
to expel any excess of sulphur that it may contain. 

y. Gibbs {Zf-itschr. anal. Cliem. vii. 255, 422) precipitates the copperas cuprous 
"hydride, Cu’Il*'*, by adding magnesium hypopho.sphito in excess to a moderately 
diluto solution of cupric sulphate containing a slight excess of sulphuric acid, but 
free from nitric or h^'drochloric acid (in presence of nitric acid the precipitation is 
incomplete ; hydrochloric aciil interferes with it by forming cuprous chloride). Tbo 
solution is gnulually heated to 80° or 90® to ensure the complete precipitation of the 
cuprous hydride ; and the latter, after washing and drying, is ignited in a stream of 
hydrogen, whereby it is resol votl into hydn^gen gas and metallic copper, which is 
weight. The pnwess may be applied to the valuation of copper ores, the ore being 
first roasted in the finely divided state, then heated to low redness with a mixture of 
equivalent quantities of nitnite and acid sulphate of potassium, and the fused mass 
heated with a quantity of strong sulphuric acid, sufficient to convert the whole of the 
potassium into acid sulphate. The filtered aqueous solution is then to be treated as 
above. 

8. As Cuprous Iodide, Cu®I*. The copper solution, not containing excess of 
niunc acid, is mixe<l with excess of sulphurous acid, and then gradually with a solution 
of iodine in sulphurous acid. The precipitate, after standing for twelve hours, and 
washing, ia converted into cttpric oxide l>y suspending it in water, trf?ating it with 
chlorine, and precipitating with potash (Flajolot, loc. cii.). Pisani (Cofnpt. rend. 
xlvii. 294) oounilitl. the precipitated cnpnms iodide on a weighed filter, dries it at 
100°- 120°, and wlRghs it; but this method appears to be troublesome. Pisani also 
recothmends potassium iodide as a precipitant ; but, according to Fmolot, the cuprous 
itvlide is sligntly soluble in excess of this reagent. 

*. As Cuprous Sulphocy anate, Cu’(CN.S)*. The cupric solution free from 
nitric acid is reduced by sulphurous acid, and precipitated by potassium snlphocyanate, 
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and the precipitated cuprous sulphocyanato is dried and weighed : it contains- 52*5 p. c. 
copper. Or the precipitate may bo convcrtetl into cuprous sulphide by fusion w ith 
sulphur in a covered crucible (Rivot, Compt. rend, xxxviii. 868). This metho<i is 
rt'cummendcd by Wolfskron {Chtm, Cenir, 1866, p. 265) for separating copper from 
mlladium. 

The precipitation of copper as cuprous iixlido or sulphocvninato is better adapted 
than the onlinaiy mode of precipitation with hydrojj^on sulphide for effecting the 
cuiupleto sepvration of copper from zinc, nickel, cobalt, and maugiim'se. 

For estimating the quantity of cuprous oxide (or oxygen) present in refined 
coppe r, Abel (C^m. S*tc. J. [2] ii. 164) recommends the following prK'oss, based ujh)II 
tlie fw’t that neutral silver nitrate is deeomp>sed by cuprujs oxiile, with soimration of 
uieiallic silver, and formation of a basic cupric salt, which r'quires for conversion into 
neutral salt a quantity of acid equivalent to the cup>rou8 oxide (or oxygon) proseut in 
llic copper : 

Cu^O + 2NO>Ag = Ag2 -f (NO*)’Ou.CuO. 

A known weight of the copper tinder examination is digested fiir about three hotim 
Milh a cold neutral solution of silver nitrate ; and the p^>rtion unacte<l upon is pickisl 
out, thoroughly ivashed, and weigluxi, the difference between its weight and the original 
Mcight representing the quantity of copper aeltd upon by the silver nitrate, 'fho 
lui.xlurc of precipitated silver and basic cupric nitrate is then collected, washed, and 
digested for half an hour with a known »|Uantity of normal sulpUnric acid (containing 

1 pL S( MU- to 100 pt.s. M’uter), after wliieh the solution is tiltereil from the uietsiUic 
silver, and the free acid in tlio lilt rate is «letermined l>y alkalimetry. The quantity of 
acid neutralised by the cupric oxide is equivalent to the oxygen or the cuprous oxido 
in the metallic copixT.* 

The })roport ion of cuprous oxide in red copper oro maybe cslimuted by digesting 
tile finely pulvcrise<l mineral with dilute sulpliuric aei<l and silver sulphate. Metsillic 
silver is t lien scpai*jvte<l in the pr«q>ortion of 2 at. silver b* 1 inoi. cuprous oxide; 
(.'u-0 •+■ S()‘IP «= Cu + SOT’u + and Cu -f HOhVg'-' « ISOK’u + Ag* 

(Auhel, ZcUnchr. anal. Chem. vi. 459). There must of course bo no metallic co]»per 
j>rtsont. 

Oil tlie volumetric estimation of copper, see Galetto {Zeitschr. anal. Chem, 1809, 136 ; 
Zcitachr,/. Chem. [2] vi. 91). 

Compounds of Copper with Noii~mc(allic Elements, 

CopptT is a diatomic or bivalent metal, forming two sericH of compounds designatwl 
as cupric and cuprous. The comjKnirjds of Isith these series contain in their molecule 

2 at. of a univalent, or 1 at. of a bivalent radicle, associatisl in the cujiric com{xmmU 
witli I at, of copper, in the cuprous coinjMmnds with 2 at. of c^)pj>er linko<! bigether by 
one of their units of affinit y ; in fact, the group — Cu~~Cu — , comjxjsod of two diatomic 
atoms, is itself diaU>mic ; e. y., 

(’upric compounds . . Cu"CP; CirO ; Cu"(NO»)*; Cu"(SO')". 

Cuprous c<.miK>unds . . (CV)"C1’ ; (Cu^'O ; (Cu»)''(NO*)» ; (Cu^)''(«0«)^ 

Cuprous Chloride, CuH.’F, may be obtaine<l in the crystalline state by ]mssing 
sulphurous acid gas into a solution of cupric sulphate mixwl with an ©ijuivalent 
quantity of sodium chloride. The procipibited crysbillino powder, consisting of small 
tetrahedrons, must be washixl by decantation with aqueous sulphurous acid ; if washed 
with pure water, it turns yellow, light brown, and violet, and in boiling water assumoS 
a bright brick-red colour. It is so sensitive to light that the crystals, immerseii in 
tu^ueous sulphurous acid and expi>8ed to direct sunshine for only five minutes, acquire^ 
a complete copper colour and metallic lustre. This copper-coloured body is probably 
a cuprfjus oxychloride formed t(^ther with hydrochloric acid ; when exposed to the 
air it oxidises, as quickly as the colourless cjystals, to green cupric oxychloride 
(Wohler, Ann. Ck. Pharm. exxx. 373). Metallic copjicr dipped into solution of cupric 
rhhfride, ferric chloride, dilute nitromuriatic acid, or a solution of pot^siuin chromate 
or chlorate mixed with hydrochloric acid, l>©come8 cwivered with a whitisb-gnsy film of 
cupri>u8 chloride, which when exposed to light gnulually 1>ecomcs bUck, wth copper 
reflex ; this property may be maile available for phobtgraphy. ^ In ili dlt^iml, M 
as in its altered state, it is not perceptibly soluble in dilute nilri^j|Nf sulphuric 
but dissolves in sodium hyposulphite, pc.»tasifium cyanide, iodind, pitassittni 
hydrochloric acid, and ammonium sulphate (Ilenault, Compi, rend, lix. 319; JakreWm 
1864, p. 278). 

• Abel lua tiMnrn that the e*»im«tton of the oxygen by igaiting tbe copper fa hydiagea fse, m 
bj Dick iPhU. Mstff. [4] xi. 10*), docs not give cawet TMOlts. 
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Cuprous Bromide, Cu*Br®» is formed in like manner by dipping a pUte of 
copper into a^jueoue solution of cupric or ferric bromide, or into a solution of Wmins 
in potassium bromide. It becomes distinctly blue in sunshine, much more slowly ia 
diffused daylight, and then dissolves, though much less easily than the unaltered 
bromide, in hyposulphite or chloride of sodium (Renault). 

Cu jiTous Iodide. Cu-I'^. — A plate of copper exposed to the action of iodine-vapour 
or solution of iodine becomes covered with white crystalline cuprous iodide, which ig 
much less sensitive to light than the chloride or the bromide. Both in its original and 
in its aiterod sbito this iodide is insoluble in sodium chloride and sulphite, pobissiura 
bromide and nitrate, and sal-ammoniac, but soluble in ammonia, sodium hyposulphite, 
and potassium cyanide, and in dilute hydnxihlfu’ic, sulphuric, or nitric acid. An iotiised 
copper plate exposed for a long time tf3 light, and then immersed in a very weak solution 
of mercuric nitrate, becomes brick-red on the insulatetl parts, greenish on the unaltered 
parts (Renault). 

A copper plat© dippwl into cupric fluoride and then exposed to light, becomes black 
and afterwards violet like the chlorinated plate (p. 493), though much more slowly; 
and the film is then much less soluble in hyposulphite or chloride of sodium than the 
original whitish-groj" film (Renault). 

Oxides, — Cuprous oxide of a fine red colour is easily obtained by heating 1 pt. 
cupric sulphate with ^ pt. sotlio-potassic tartrate, 2 pts. cane-sugar, and 12 pts. water, 
then adding pt. sodium hydrate, and boiling for an hour (Bdttgor, »7. pr. Ckem. xc. 
163). 

Precipitated cuprous oxide dissolves in a concentrated aqueous solution of magnesium 
chloride, slowly at ordinary tempemturcs, more quickly at 100°, forming magnesium 
hydrfite and cuprums chloride : 

Cu*0 + MgCP -f IPO = Cu»CP + MgH^O*. 

Wlien cuprous oxide is dissolved to saturation in a warm solution of magnesium 
chloride, and the solution is left to c<k)1 without separating the magnesium hydrate, an 
orang(i-red precipitate of cuprous hydrate, or perhaps of cuprous oxychloride, is 
deposited, which dissolves when lioated and reappears on cooling. When solid cuprous 
chloride is digested witli nuignesia and winter, cuprous hydmto and magnesium 
chloride are produced. Kevortheless tlio douhlo chloride of copper and magnesium is 
permanent in pnsenco of magnesium hydrate, provided a considerable excess of 
magnesium chloride is also present. A filtered solution of cuprous oxide in magnesium 
chloride yields oii dilution a precipitate of cuprous chloride coloured orange-yellow by 
adhering cuprous oxide. A mixed solution of nuigncsium sulphate and sodium chloride 
may also be used as a solvent of cuprous oxide (T, S. Hunt, Compt, rend. Ixix:. 1366 ; 
ZeUschr. f, Chem. [2] vi. 162). 

Cuprous oxide and ferrous chloride yield ferric oxide, with partial reduction of the 
cuprous oxide to metal. This reiluction may be effected by adding recently precipi- 
tiited and still suspended ferrous hydrate to a solution of cuprous chloride in common 
salt, aud gently warming the liquid. A similar result is obtained on miding a soluble 
ferrous suit to a non-flltercd solution of cuprous oxide in magnesium chloride. Ferrous 
oxide also reduces cupric U) cuprous chloride, and if present in sufficient quantity pre- 
cipitates all the copj^or as metal. Cupric oxide, even after ignition, acts on a solution 
of ferrous chloride in the cold according to the equation : 3CuO + 2FeGi* Ctt*Cl* 
+ CuCF -I- Fo’^O*. The reaction is grtmtly retarded by tlie insolubility of the 
cuprous chloride, but in presence of wunmoii salt, or when aided by heat, it goes on 
quickly and completely. When a solution of ferrous chloride and sodium chloride is 
digested with a largo excess of cupric oxide, the latter unites with the cupric chloride 
prtwlucod, forming an insoluble oxychloride (Hunt, loc. cit.). 

The mutual action of cupric and ferrous suits, resulting in the formation of cuprooe 
oxide and a basic ferric salt, first slutted by Lcvol (ii. 68), has also been investigated 
by Braun and Weith {Z^iiechr, f. Chem, [2] lii. 668, 623 ; BuU, 8oc, Chim. [2] viii. 409 ; 
ix. 214 ; Jahresb. 1867, p- 301). 

Tetraenprie oxide, (Cii^)"0, Rose’s tpiadranfoxide of copper, is prepared by treating 
a cooled solution of cupric sulphate with an alkaline stdution of stannous chloride not 
in excess, whereby a blue precipitate of cupric hydrate is first formed, which after a 
while changes into yellow cuprous hydrate, and ultimately into olive-p«en tetraenprie 
oxide: it must be washed, first with pure wrater, then with ammoniacal water in asi 
atmosphere of hydrogen. This oxide, when exposed to the air, is quickly resolrad 
into a mixture of cupric and cuprous oxide, and must therefore be kept under watcff. 
|t has not yet been obtained quite free from stannous oxide. Dilute hydrochloric s^nd 
quickly converts it into a clarkor coloured substance, probab1(y the eorrespcmdsng 
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chloride, which is rapidly resolved into metallic copper and cuprous chloride. With 
hydrogen sulphide it forms a black substance, probably tetnionpric sulphide, winch 
when left in the liquid is gnidually converted into a higlier sulphide, with disengage- 
niont of hydr^en. "With hydrocyanic acid it yields a black cyanide, witich it 
c<Mivertod by silver nitrato into silver cyanide, metallic copjx>r, and cupric nitrate 
(H. Rose, l*ogg. Ann. bxx. 1 ; Jahresb. 18i>3, p, 271), 

Osychlorides . — By boiling ciipric chloride \yith a small quantity of potassium or 
giidiuin hypochlorite, tlie oxychloride CuOl-.SCuO is prccipitaWd iu cumbiiiation with 
4 or 6 mol. H*0, according to tho dumtiou of the lK)iling. The composition of 
niacamito from Cobija, as detenuined by Berthier, agrees nearly with tho formula 
C’uCl'. 30110 -f Gll*0 (Field. iV/ <7. Mag. [ij xxiv. 123). Tlie same oxychloride is 
precipitated w'ith 3.^ mol. water, or as 2(CuC’l-.3(’u()) + 711*0, on mixing a hot di hits 
gr)Iiitiou of cupric chloriile with a s^ilublo salt of formic, acetic, propionic, or valeric 
acid ; e.y. w'ith sodium acetate ; 

4CuCl* + 6C^H®0-Na -f 311*0 = Cu(T*.3Cu0 + GNaCl + GCnF0»; 

also by mixing a soluble clilorido with cuj^ric iU'ctatc ; witli l>oiling solutions the 
precipitation takes place immediately ; with cold solutions after 24 hours. This 
hydrated oxychloride is very sparingly soluble ; a soluli.m containing only h* " 
anhydrous smlium acetate produees iv pereej>tiblo turbidity In a solution t>l' cupric 
chloride. It is of greenish colour, and jit lirst of tlocculent consistence ; afterwards 
liowever it becomes more finely dividt*d and requires tho a<l<lition of sodium sulphate 
to separate it from the liquid. It ajqtears to be gradually dta’omposed by water ; when 
l>oiled with water it quickly assumes the colour of cupric liydrate (tUiasclrnaiin, 
Zcitsvhr. «««/. Chem. iv. 34 ; Jab/rsb. 18Go, p. 27''i). 

Basic suljihates and nilrate.s of c<q)per of analogous composition are obtained in like 
manner, e.g. the sulphate 2(S()'(.'u.3('n()).7n'^0 by mixing a liot dilute solution of 
cupric sulphate with the soluble salt of a fatty acid, or the copper salt of one of tho*o 
acids with a soluble svilphato ((’as.selmaiin). 

A cupric oxychloride having nearly the composition of atneamite, 2(CuOF . SCHiO) 
-*■ 9H*0, is obtained by boiling precipitated cupric oxide witli ammonium clilorido. 
The same oxide boiled for some time witli ammonium sulphate yields an applc-gi*e«n 
piwder oonsiKtirig of a basic sulphate liaving nearly the composition of )>roehantitfi ; 
with animoninm carbonate, a green carbonate nearly nllietl to malachite ; with 
ammonium nitrate, a basic cupric nitrate having nearly the comjsjsitiou 2(0CuO . N“0‘) 
+ l/iU^O (Tuttschew, Zt-itifcJir. f, Vkem. [2j vi. 109). 

7’ Ae;«in//i Jes (Abtd, Chem, Sac. J. [2] lii. 249). — Diciipric j/hosphido, Cu*P*, is 
converted into hexcupnic phosphide, ('u®P'‘, by ignition, cither alone or in hydrogen 
ga.s in the latter case with evolution of ph(»sphonis vapour and hydrogen phosphide. 
Till' hcxcupric pliosphi<lc, which contains 14 p. c. phosph(;rus, is tho highest phosphide 
of copjxT that can exist at a red heat. Phosphorus vapour passed over copper 
lieateil to low redness forms, with incandesconce, a fused mass which becomes stool- 
grey ami partly crystalline on ciKding. contains 12’2 to 1 S T) p. c. phosphorus, and 
<liK>8 not give off any of it when Invitwi in a tube. By iwlding phosphorus to fused 
Copper ami stirring the maw till it is nearly cold, a pisnluct is obtaine<l consisting of 
three layers, the uppermost being white, very hard, and brittle, with shining crystalline 
fracture, and containing from 7 to 12 p. c. jthosphorus; tho middle layer, which forms 
the princi|>al portion of the maw, being grey, with granular firact 4 iro, and containing 
4 to 6 p, c. plujsphorus ; while the lowest, which is insignificant in quantity, consists 
of nearly pure copper containing only 0 6 p. c. plnsupliorus. 

By adding phosphorus to chopper melUd at such a temperature that part of it still 
remains solid, a compound is formed containing from 2 to 4'7 p. c, phosphorus, which 
by easting in iron moulds may l>e obtained in homogeneous ham masses having a 
fine-graini fracture, like that of Ixtll-metal, b«t quicklpr tarnishing. By fusing this 
compound with pure copper, other compounds containing smaller proportions of 
phosphorus were obtained, which exhibited greater tenacity than ordinary gun-metal: 
thus the tenacity of the compound containing 2*6 p. c. phosphorus was represented by 
n breaking power of 47,908 lb. to the square inch, that of gun-m^I being frooi 
24,991 to 26,424 lb. The mofie of casting has however considerable influence on the 
physical properties of these phosphorettSd coppers : thus copper containing I p. C. 
phosphorus, when cast in an iron mould, exhibited a tenacity of 86'898 lb, to tha 
square inch, whereas when cast in a sand mould, its tsoacitT was only 13,969 lb. Ui 
the square inch. Altogether pbosphoretted copper is not adapted for easting, as it 
contaicts ytrj much iu solidifying, and when it is cast in moulds of sand or loam> tha 
®**tJng if also pocoiis. By fusing tho phosphorettod cdpper with iron^ the greatsr jMSt 
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of the phosphorus is removed, with formation of iron phosphide, which separates as a 
distinct layer, while the copper becomes alloyed with iron. 


COPPIIS BASSS, AMMOirXACAB i^i. 79). The ammoniaeal cupric 
compounds consist of a cupric salt, CuR'"* or CuR , united with the elements of 1, 2, 3 
4, 6, or 6 molecules of ammonia, NH*. There are also cuprous salts of similar 
<y>nstitution whoso formulae may bo derived from the preceding by substitution of 
(Cu'*)'' for Cu". To explain the constitution of those salts, it must be observed: 
(I) That being a bivalent radicle, any number of such groups united together will 
also form bivalent radicles ; thus : 


I 

— NH» 


iIth* 

— IJH* 


(2) The poly ammoniaeal compounds, when heated, readily give off part of their 
ammonia, leaving a compound ermtaining 2N11* or INH’ to one atom of copper, the 
last atom, Nll^, being moreover retained much more forcibly than any of the rest. 
Thus the sulphate r>NlI*.SO‘Cu heated not quite to gives off 3NH’, leaving the 
compound 2NlP.SO‘Cu ; and at a little above this tompera-ture it leaves NH*.S0*Cu, 
which again at a still higher tompcniture suffers complete decomposition, giving 
off nitrogen and other volatile products and leaving metallic copper. The last 
molecule of ammonia may bo supp<J8ed to be united witli the copper in such a manner 
as to form the bivalent radicle cuprnmmonium : 

— N— Cu— 

or (NU’Cu')', 

which again may unite with other molecules of ammonia, forming other bivnlont 
radicles, (NH»— NpCu)", (NU>— NIP— NU^^Cu)" or (2NU>. Cu)", (3NH».Cu)", &c. 
Thus wo liavo the following ammonio-cupric chlorides : 

(NH*Cu)''CP; (2NlP.Cu)"CP; (3Nn>.Cu)T12 ; (4Nn».Cuy'Cl* ; 
also the aramonio-cuprous chlorides : 

(NlPCVy'Cl- ; (2NlP.CuyCP; (4Nn> .Cu^y'CP. 

All these ammoniaeal copper salts are capable of taking up a quantity of oxacid or 
hydracid suflicicnt to saturate the ammonia contained in them : thus NlP.CuCl® can 
take up HCl ; 4Nll*.CuCl* can take up 41IC1, &c. ; but the compounds thus formed 
are not ammonio-coin pounds like those above formulated, but true double salts, 
identical in properties with those fonned by the direct union of an ordinary ammonium 
salt with a cupric salt; thus 

NH>.CuCl» + HCl = NH‘Cl,CuCl*. 

2NH>.CuCP + 2HC1 = 2NIPC1 . CuCl^. 

4NIl»,CuCP + 411CI = 4NU*Cl.CuCl». 

Under certain circumstances the ammonio-copper comjDounds can dissolve in water 
without decomposition, especially at low temperatures or iu presence of free ammonia : 
thus the compound SNlP.CuBr* dissolves completely in a small quantity of water 
and may bo ciy'stalliscxl therefrom ; but on adding more water, the liquid becomes 
turbid and deposits cupric hydrate (ii. 62). 

COBZAM ¥ JiTZir. — The active principle of Coriaria myrt^olia. (See 

Additions, vol. v. p. 1090.) 


COBBU This substance has been examined by Siowert {Zeitschr. f, Ch&m, [2] iT, 
883) wdth the following results : 12 pounds of msjietl cork were twice boiled in portions 
of 100 grams each with 4 litres of alcohol of 96® Tr., whereby 10 p. c. of the cork was 
dissolved. The resi<lae yielded scarcely perceptible traces of substance to alcohol, 
ether, chloroform, or benzol. 

The alcoholic extract first deposited from 162 to 1*75 p. c, of Chevreul’s cerin 
(i. 830), as a white, crystalline, neutral substance, together with white masses of an 
acid compound. — 1. Cerin, C”I1“0, is regarded by Siewertas a homologue of phenol, 
and designated as phellyl alcohol. It melts at 100®, dissolves in 600 pts. of 
boiling and 5,000 pts. of cold absolute aleohoL«-.2. The amorphous acid, called 
decacrylic acid, has the composition C‘*H*0*. It has an acid reaction ; dissolves 
in 1,200 pts. of cold and 52 pts. of boiling alcohol; melts at 86^; dissolres 
slowly in aqueous or alcoholic potash at the boiling heat; and separates Uierefrom as 
a yellow precipitate on cooling.— 3. After the separation of those two jn&tocss, ths 
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alcoholic extract yielded, on further ovamration, 2*5 p. c, of a fatty substance, eulysin, 
soluble in 10 pts. of cold alcohol, and melting without de<M>mpo8ition at 150®. 
—4. The remainder of the alcoholic solution evajKirated to dryness left a mass which 
when n»lR>ntedly boiled with water, yiehbxl to that liquid a tannic acid, sepi- 
nuing from the aqueous solution in dark ro«l flfvks (0*5 p. c.). Its solution forms 
with gelatin a yellow, with turtar-einetic a lm>wu pm'ijiitato, and reduces iin 
ammouiacal silver soluti«m iu the C4>ld. I'otash and ainmoniii cohuu* its solution 

ml; haryta-w'atcr forms a dark-i^tdiairtnl prcidpitate. The caleiiiiu salt of this acid 

ctditains 4 SH'O. a. The aqueous extract when furilu r e\a|Kmit<Hl 

tl,'pksitetl a brown-rod ]tre.iipita(e, ealUxl by Siewert coj’tieic acid. 

- (). The portion insoluble in water of the ivsiduc «ii»lained by tva]Ktrating the 

erifiinar alcoholic extntct, had nearly the ajqK‘aruneo of tlie lu'igiiial cork substance, 
ilissoliixl easily and almost completely in bt)ilin^ alcohol, and pirlly se|unit<Hl on 
(VKiting as a jelly (2*5 p. c ). Its alcoholic solution evajwjrateil pajK-r |H>nelrates the 
paper like fat. 

CORPtrS XitrTZSVlHC. The yellow part idcK iveurring in I lie ovary of t!>o cow 
at a certain stage (»f devtlopunuit have been examined iiy Holm {,1. pr. Chrm.i'. 
H2 ; Jahre^ff. 18t)7, }>• 77^) aiul by I’ieeolo a. Liebeii {/^ifachr. f. Chr/ii. | 2| iv. 545). 
The latter evajiorated the yellow' ethereal oxlraet of these bmlies aiul boiled the 
resi<ltio with ptitash to sajHmify the fats. On adding an exc<‘ss of water, a turbid 
lujnitl w.aa obtaiiuil, ijolditig in suspeiiHion small shining <lichr*»ie crystals. The 
I u| aid fdte.rwl from these crystals was baind t4i c«n»(ain c ho I e «t eri n, together with 
saailler quarjtitles of one ur more antorplnui.s Isslies, in.Milnblo in water, but soluble in 
alcethol, ether, and carbon bisulphide, 

Tlie dichroi'c crj'stala are iiisoluble in w'aier and in alei^lioi, not attacke<l by strong 
potash-ley even at the Vioiling heat, soluble with yellow colour in ether and in 
l-enzol, dissolving very easily in carlwm bisulphide with deep rwl colour, ami in 
chloroform with deep yellow colour. From all these soltpions tlmy may bo nqKiabMlIy 
recrvstallised. Trea.od with strong suipiiuric acid under the tnicroscopo, they are 
seen to turn blue and ilissoivc. With nitric or hydrochloric nci«l, they acejuire a dark 
‘ohairsoon changing to light yellow', llydriodic acid inrijs tliem brown. I'hey are 
not altered by sulphurous aci<i, solution of stannous cldoi'ide, or tincture <»f iiHiine. 
(ilacial acetic acid does not. act on tliem at orflinnrj t<’tuj>eratures, but <lecomposes 
tliein when lieatcd. When cxpostnl to air they gnidiially lose I heir deep red 
eohmr, more quickly in tho light than in the dark. When protecti^tl from tins air, 
ttiey remained unaltered for more than a ye4»r. 

Holm reg.'irds these dichroic crystals as identical witl» Inematoidin ; but ncconling 
to IMccolo a. Lieben, they a distinct Rulistunce, which those chemists 

de.9iguat6 as leuco-hae matoid i n <*r haemoluteVn. 

COP^inn>OPBmTa« I'hi.s mineral, occurring at Chester, MasHachuselts, ha* 
l><*en shown to be identjt'al witli cliii<M?hlore {Jahreaft, 1855, p. 81f3 ; 1866, p. 936^ 
1867. P. .993). 

COBTBAmfB. C'^II'^NO^ - This base, occurring in the nx>t* of Co ydaJit 
C. fahacea, an<l liulbvcaunus cavua (nwl. Aristolochice c(iv<f)y has Ixjen further 
examined by H. Wicke (Ann. Ch. Vharm. exxxvii. 274), To prepare it, tlio chop^KKl 
Dxits of the last-nicntiiiritsl plant were rc*|)catedlY exhausted at 50® with 0 pts. of 
Water containing sulphuric acid; tho expressed liquids were proeipiUled with basic 
Jeiul acetate; and tho filtrate, freexl fr*>m lemi by sulphuric aci(l, was mixisl with 
metaiungstato or phosphotungstate of smlium, in such proportion as to louvo the 
liquid acid. Tho resulting yellowish-white (trocipilate was jiressod, mixed with 
levigated chalk, and dried, and tho dry muss was exhausted with hot alcohol, 
<liKtilling off the alcohol, the cory'daiiiie cryslallisetl from the vis<‘id residue in 
hteUate groups of prisms, which were free<l from adhering resin by washing with 
alcohol containing ether, pressing, and recrystallisation from etlicr-alcohol. 

Ccjrydaline crysUillisc* from strong solutions in short prisms, from dilute sotutions 
in slender needles ; it is soluble in alcohol, ether, chlorofcirm, amyltc alcohol, <arl>on 
bisulphide, benzol, and oil of turpentine, but not in water. The alcfdiolic solution, if 
free from resin, remains colourless when heated ; it has a bitter taste and strong 
alkaline reaction, and on addition of water deposits tho base in microscopic ncfslles. 

< o^'daline mclU at 130®, without lo«s of weight, to a brown-r^ amorphous mss# 
which solidifies ag;ain in the crystalline form after long iftandin|f. The alcoholic 
s*»luUon yielda a floccnlent precipitate with tannic acid ; the solution in a^ds forms 
precipitates with caustic and caA^onsted alkalis ^soluble in excess of caustic alkiiU), 
also with BpCassiuin sultdiocyanate, mercuric chloride, potitssio-incrcuric lodtdo, KidiDC^ 
Sup. K K 



498 ' 


POUMABILIC ACW^GOUMABm. 


sodium picrate, potassium chromate, sodium metatungstate, auric chloride, and phtinie 

chloride. i • •, j • mi » 

Corydaline disHoIros in nitric acid, leaving: a bro\rn-red rosin. The hydrocMoridt 
+ oH^O, formed by agitating a solution of corydaline in carbon 
bisulphide H^ith we/tk hydrochloric acid, crystallises in tufts of needles which give off 
all tiioir water over sulphuric acid: from warm dilute hydrochloric acid, the salt 
separates in the crystalline state. The fhtrivochJorldc. (C'“fl*»NO^)*.2HCl.PtCl‘ is 
a yellow crystiiiline precipitato. The ac’d sulphate H^'SO* forms needle- 

shaped crystals which dissolve but slowly in water. 

Kihyl-corydaline hy dr iodide, C*‘‘1I*^(0“JI*)N0^ . HI, is formed by heating 
C{)ry(laliue to 100*^ with ethyl i«j<li(ie, and separates from the yellow solution in 
reddish-yellow crystals sparingly soluble in water. With moist silver oxide it yields 
an alkalim; solution from which the base cannot bo obt^iined pure. The jdathw- 
chloride 2C‘^]l"'(C'HP)NO'*Cl .PtCP is a dingy yellow amorphous precipitato. 

COVnSikXtZXtXC ILCm. iyilHP (Perkin, Che7n. Soc. J. [2] ix. 4/>).- -The 
potassium salt of this acid is produced by boiling a-bromoconmarin (p. 499) witli 
potash ; and this salt decomptised by liyilnxdiloric aci<l. yitdds the aciil as a snow- 
white crystalline precipitate, melting at 192°-iy3'^, subliming when gmitly heatiil, 
and decomposing partially when distilled. Tlie acid is extremedy soluble in aleoliol, 
sparingly in chloroform and carbon bisulphitlc, miMlerately soluble in boiling water, 
from which it crystallises in long needles. N<»t deetnnposed by heating with jx>t;issiuia 
hy<lrato to ISO'’. It is monobasic, forming easily soluble crystaliino salts with 
ammonia and the alkali met-als. The barium, calcium, silver, load, mercurous, and fen ic 
salts are obtaine<l by precipitation. 

Ii7’07nocoumarilic acid, ( '“ll'llrO^, is formed by decomposing a-<libromocoumiirin 
with potash, and crystallises from w'eak spirit in nectiles melting at 260®, having a 
bitter taste, very soluble in alcohol, sparingly in water. Heated to 180° witli 
pjtassium hydrate it docomj)o.ses ami turns brown, with formation of potassium 
bromide. It is monobasic; the ammonium, potassium, and sodium salts are soluble 
and crystalline ; the barium, silver, and lead salts are white proci pi bites. 


COtmKJLRZVr, and COlTMiAMTC ACXH, CHI"0> (Perkin, Chem. 

Soc. J. [2] vi. 63). — The intimate relation of these bodies to the salicylic seri<'s, 
shown Viy the conversion of coumaric aeid into salicylic and acetic acids by fusion 
with potash (ii. 93), is further tlemonstraf^^d liy the following mode of formation of 
coumarin from salicybd. Sodium-salieylol, C’lI*NaO“ (salicylitc of Sfxliura, v. Xfl9), 
dissolves in acetic anhydride with consitlerablo evolution of heat; and on boiling ll»e 
solution b)r a few minutes, and then pouring it into water, an oily body separan-s, 
while 8<xlium acetate p;\sses into solution. On distilling this oil, acetic anhydride 
first pa.sses over, then salicylol, and finally at 290°, a bo<ly which crystallises in tlie 
receiver, and after repeated crystallisation from alcohol, exhibits the composition and 
all the properties of coumarin from Tonka beans, melting at 67° to 67‘6°, and boiling 
at 290*6° to 291®.* Its formation may be represented by the following equations: 


and 


•^“icoH + (cni>o)=o 

Sodium-salloylol. Acetic 

onhydriile. 


CHPO.ONa 4- 

Sodium AcityJ- 

«ccta;c. ftalicylul. 


tOOHPO 
jeOH 

Acotyl-.stilicylol. 


CHI* ] 


H-o = 

Coumarin. 


According to this view, coumarin is a mixed acid radicle composed of acetyl and 
diptyl, C’H*0, a radicle belonging to the cinnamyl series; and in its formation 
from acetosalicylol, an atom of hydrogen is taken from the benzene residue, C*U*, 
and an atom of oxygen from the group OC*H*0. 

But the formation of coumarin m this reaction cannot be attributed to the 
dehydration of acetyl -salicylol by acetic anhydride ; for those two bodies when healed 
together to 160® unite and form n definite compound, C*II*0*.C*H*0*, which is 
resolved by distillation into its original components. Moreover, acetic anhydride and 
acetosalicylol may bo distilled together at higher temperatures without yielding a 
trace of coumarin. The formation of coumarin in tiio action of acetic anhydride 
on sixlium-salicylol, os alwve described, depends indeed on the simultaneous formation 
of sodium acetate ; for when a mixture of acetyl-salicylol, aceUc anhydride, and 


'*■ rertetn that tho melting and boiUng points of naliirul coumarin are abont 30 ^ Idglier tfisl 
those hitherto ossUfuwl to It. 
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sodium acetate Is heated to the btdling point, a considerable quantity of coumarin is 
produced- Perkin attributes the influence of the sodium acetate in this reaction to 
the formation of a compouitd of that s<ilt witli acetic anhj*dride, like the anh^drtt- 
diaceUito of potassium (i. 18); but it is l.ty no mcmns obvious why such n compound 
should exert- a stronger dehydrating aotitm than acetic unliydride itself (Povkin, 
ChrtH. Soc. J. [^1 vi, 181). 

According to Fittig, on the other band {ZeitM-ht. f. Vhem. f jj iv. 69d), iho pnyiuct 
t)f tlio reaction of acetic anhydride oji Hodiuin-salievlol at lilgli temperatures is not 
acetyl-salicylol, but itii isonierido, cmmiaric acid, the reaction being anah'govm to that 
]iv wliich cinnamic acid is formetl fnun acetyl ehlori*le and benzoic aldehyde (i. 983); 
in fact, coninaric acid bears to cinnamic acid the same relation us salicyloi to bonsoiu 
aldehyde ; tjius : 


C’lPO 

-i- 


IK'l 

4 


lf4-nx-oio 


.(‘tvl 



I'iMMftlllic 

aldeli>dc‘. 


cLl.rule. 



luld. 


-f 

C-JPOCl ==: 

liCl 

4- 

("'IPO* 

Salic-ylol. 


Arrtjl 



C'ohtinvriu 



chloride. 



acid. 

C’H^O*Na 

+ 

(C^HK))»0 = 

Cni»O^Na 

4- 

mm* 

Sodium* 


Acetic 

Siutiuiii 


(’oumario 

siilicylul. 


anhydride. 

nivt4ilo. 


acid. 


The ctniniaric acid, at the high temperailure at which it is fi>rmi><l, is tlioii rosolvcsl 
into coumarin and water. 

According to these views, coumarin is the anliyilride of conmaric acid. Rut it does 
not ajipear to be prwluciblo from conmaric acid by the action of any of the ordinary 
(h hydrating agents ; moreover, as |)ointed out by Perkin, it is formed in jOjints in 
jM’esenco of water, and may bo rejwatedly cryHla!li«e<l from water wilhont alteration. 
When boiled with strong potasli-loy it yields a saline conijxaind, b‘om whicli it is 
K'paratcd by acids still as coumarin, and to convert it into conmaric a4‘id it ro<|uires 
to he boiled with a sujwrsatu rated solution of eaustie alkali. Again, counnirin does 
nut fonn an amide with ammonia as true anhydridis do (IN'rkin, Chan. Stn\J. ['Jj 
vii- 192). See further liuseckc {Zeifarhr. f. ( luui. [2j iv. AS-'’)). 

Wlien sodium-aniiilgam is added by small portions t-o a solution of coumarin in 
water conUiining a little alcohol, at 40‘’-G0'^, the coumarin is first converted, liy 
assumption of water, into conmaric acid, au<l this, by aiblition of hydrogen, is 
transformed into melilotic or hydriKunnnaric acid, < **11 *•'<>’ (Zwenger, jahreah. 1866, 
p. 313; 1867, p. 443). 

J'hc coumarin of ^fcliloius oJfiviiKffis is in combination with molili»tic twuM. When 
tile evaporated aqueous decoctit>n of the plant is treated with ether, as long us the 
e) lier acquires an acid miction, and the green mass remaining after eva|Mjration of 
tint ether is repeatedly boiled with a large quantity of water, a solution is obtiinecl, 
wliich on C/fjoling deposits large well-defined erystals of the Cinnjsnind <>{ coumarin 
wiih melilotic acid, wnilo free me! ilotie nciti reumins in solution. Tlic crystals, nfU»r 
repcaUal crysUillisation from alcohol, with mMition of animal char<*o{d, are colourless, 
apparently r)ioniboi<lal plates, or silky iieixlles. They have an aromatie bitU^r Uiste, 
smell like coumarin when lieatcd, dissolve sparingly in cold, more easily in Ixiiling 
water, very easily in alcohol and ether. Ammonia decomposes them in the cold, 
dissolving the melilotic aci<l, and separating ctiumarin identical in every respect with 
that obtained from Tonka loeans (/wengor a. IkKlenbender, Ann. Ch. rfmrm. exxvi. 
267 ; JahrfBb. 1863, p. 662). 

CouMARiK Dirbomi DK, C*H*0“Br’, isomeric with dibremomclilotic anhydride, 
is formed by adding about 7 pts. of pjwdered coumarin to 8 pts. of bromine, both 
<lis»olvod in carbon bisulphide. On leaving the solution to itself for alx»ui twelve 
hours, and then evaporating the solvent, a crystallin© mass is obtained, which nmy be 
frcjed from secondary products by washing with a little cold alcohol and rccrysfallisa- 
tton from the same solvent, with the aid of but little heat. The dibromido crystaJlisiss 
in transparent oblique prisms, melting at alxmt 100®, with part-ial deconipisirion, and 
giving off bromine at a higher tcmp#jr»turo. It dissolves easily in alcohol, ^tid 
decomposes quickly when boiled with alctdiol or when its alcoholic solution is exposed^ to 
light, the bromine apparently acting on the solvent, and leaving coumarin in solation 
(Perkin, Chem, Soc. J. viii. 868 ; ix. 87). 

B BOV covMARiMs.— ^Mono- and di-bromoconmarin have been obtained, eaidi in 
two modifications. m^Monobromocownarin, C*H*BrO*, is roost asmly prspanxi by 
doconiposing the dibromide of coumarin with aleoholic potash. It erystalltses firenn 
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Rlcohol in transparent needles about half an inch long, molting at 110^, Heated to 
20(*° in a sealed tube for flvo or six hours, it decomposes slightly, with formation of 
liydrobromic acid. Cold alcoholic utnmonia decomposes it, with fonnation of ammonium 
bromide and a glutinous substance soluble in water. Heatecl with potassium hydrate, it 
yields broinido and coumarilatc of potassium . — ^-Mtmohmmocoumarin is formed by 
tin; action of acetic anhydride on sodium bromosalicylol. On boiling the product for 
ten or fifteen minutes and pairing it into w.iter, the jS-bromocoumarin separates as a 
lieavy oil wliich, when ])urifie«l by reetilication, boils at 160°. When boiled with 
alcoholic or atpioous potash, it does not decompose, but simply dissolves like ordinary 
coumarin (Perkin, loc. ctC). 

a-Dibro7nocoumarin, is preparexi by heating a mixture of 1 pt. coumarin, 

2 j)ts. bromine, and 4 or 5 pts, carbon bisulphide, with addititui of icsline, in a bath 
of salt and water for four or five hours. The proxluct is freed from carl)on bisulphide 
l»y evajMiration, from iodine by means of potiissium i(Klide. and fitially purified by two 
or three crystallisations from alcohol. It crystallises in small needles melting at 
about is easily docomposofl by alcoholic potash, yielding pot-issium bromule 

and the potassium salt of a now acid; and l*y aksdiolic ammonia, with formation of 
ammonium bromide and a crystalline pr<Kluct. — ^-l)ihro}H(Xoumarht^ C^ll^Br'-O^ 
ol>t4uneel by the action of acetic anhydridi* on so<lium-dibromosalicylol, crystallises in 
Lnml needles molting at 176° and md deeomjmed by alcoholic potash (Perkin). 

(hm MARIK DicHtouinK, O'lPf)-. (M'^ is produced by direct combination when 
chlorine is passed into a .solution of coumarin in chloroform, and remains on leaving 
the solution to evaj^mite, as a syrupy prtxluct having the appearance of new honey. 
It is eonvertcsl by distillation into ebloroeouniariii. and is decomposed by alcoholic 
potash, like the dibromide (Perkin, Chem, J. [2] ix. 43). 

C II L o u o c 0 u M A tti N s. — a- Chlorocoumnrhi, C*II *( '10*, is produced by heati ng a 
mixture of 1 pt, counnirin and 3 pts, phospliorus pcoitachlurido to about 200°, or 
more easily by treating the dicbloride witli alcoholic jxita.sh. It crystallises in tiat 
needles, moderatoly soluble in alcohol, slightly in hot water, melting at 122°-123 \ 
emitting an aromatic fKhnir when heated, and re.solved by boiling with aleoholic 
|s)tash into hydrobromie and coumarilie aeiils (Perkin). 

fi‘ChlorocoU)Harin^ C’llH.UO'^, is obtained by the action of acetic anhydride on 
s<xlium-chlorosalicylol. It crystallises in newlles, molting at 162°, subliming even 
below that teniperaturo, nearly insolublo in cold, j'lerceptibly soluble in lx>iling water, 
slightly soluble in cold alcohol ami ether, very soluble in benzol and carbon bisul- 
phide. Potash at a gentb' heat <iis.solve.s it without alteration, but by prolonged 
boiling with strong potash-ley it is corivertc<l into chi orocou marie acid, and by fu.sioii 
with potassium hydrate into chlorosalicylic acid (Biiscckc, Ani\. Ck. Pharm. cliv. 8f ; 
y^itschr. f. Chem. vi. 683). 

7i'fracMorocf)iwiari7i, (’^H-Cl'O'-', is fornusl by passing chlorine into a solution of 
coumarin and iiKlinc in carbon totn\clilorule. It crystallises from alcohol in small 
white needles molting at M4°-l 16°, and is decomposed by heating with alcoholic 
potash into hytlrobromic acid and a now acid not yet examined (Perkin). 

Homoloffues of Coamarln and Coumarlo Acid (Perkin, Chem. *Sr>c. J. [ 21. 
VI. 53, 472). — Compounds homologous with coumanii are obtaineil by the action ot 
butyric and valeric anhydrides on s«Klium-B.alicylol, the mode of action being exactly 
similar to that by w'hich coumarin itself (acetic coumarin) is formoxl. 

Bitty luc Cor MAii I N. I'^'II'^O- ^ C‘JP] J,,,,,,. or CNl* J . — Pro- 

r 11* 

dueod by heating sodium-sal icylol with butyric anhytlride, boiling the product for a 
few minutes, then pouring it into water, distilling the oil which separates, and collecting 
the portion which pisses above 2D0°. It melts at 70°-71°, soliiiifies to a ciystalline 
mass on cooling, and distils, with slight decomposition, at 296°-297°, It dissolves 
spvringly in boiling water, easily in alcohol and ether. The aqueous solution becomes 
turbid on cooling, and deposits a few ncetllc-Bhaped crystals ; from alcohol the com- 
pound cjy’stnllises in largo translucent prisms. It smells like ordinary coumarin, and 
at the same time like fresh honey. It is nearly insoluble in strong arjuoous potash at 
ordinary temperatures, but when heated w ith it, forms a pale yellow solution, which on 
evaporation aepisits a deliquescent p<^tasstc compound of but^ic coumarin (in/ra). By 
fusion with potash, butyric coumarin yields salicylic acid, phenol, and apparently also 
butyric acid. With bromine it reacts like onlinary coumarin, becoming liquid, and 
yielding on subsequent distillation a resinous mn.Hs, which when heated with alcohcdic 
potash, forms an acid separable by hydrvhloric :ici»l. 
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Valkbic CouMARiN. C'=H'-0' ^ CMIM or I'l'e- 

<CJIO ^^,c>u*0* 

pared by adding sodiuiu-salicylol by snuill portions U> boiling valerio nnhytlritio, 
distilling the oil sopumtal by water, odbvtiiig tlm pintion which distils alH)vc> ‘iDo^ 
dissolring it in htrong boiling potash-loy, agitating the* dilutiHl Nolulion with pIut to 
remove oily product, and decomposing tlu- cUmv a«jueous solution with hydiH 'chloric 
acid. The compound thereby Bej^KiraUd is dissolved in ether ; the el liereiil solution, 
after Agitation with sodium carbonate, is evaporated; and the residual oil, which 
solidifies to a crysbilline mass, is pressed hetweeii bibulous paper and several times 
rc'crystnllised from alcohol. The product thus ol'tained is pure valeric coumariu ; it 
melts at o4°i boils with slight deconijs)siti«»n at JlOl*^, smells like couniarin, hut less 
strongly than the preceding compound, is nearly insoluble iu cold water, and 
crystallises from alccdiol in transparent prisms ni'arly inch long. With jKAash-ley 
aiid sedid potassium liydrate it reacts like lailyrie et*umariii. 

lJuTYito-couMAuic A c 1 1>. C^'ll'-’O^ -- ‘ j [ /jJ/ii • This acid is fornud from 

butyric couniarin in the same manner as couniarie acid fr.-m eournarin. Ihityric 
couniarin dissolves in boiling :u|Ueous potash, amt on i vaporating tlu' solntion, an oilv 
layer .sepirates, which solidities on cooling to a hard mass e»)iisisting of a eojuj'Dund t>f 
\ mol. hutyric couniarin with I imil, p(»tassium hytlrate. 'This comjMaind whenlumted 
melts, boils up, becomes pasty ami frothy, ami is converted into a .soft muss perfis'lly 
s'diible in water; and on ad<ling liydroehloric acid to this solution, butyr<ve«)imiaric 
acid si-parates as a white crystalline mass, wbieli may be purified by solution in 
ammonia and reprccipitatioii witli hyilns'ldorie acid, ami li mil ly by digestion with 
ehloroform, which i’eniove.s traces of unaltered butyric e<mmarin. But yro*conniaric 
acid crystallises in flat shining prism.-', melting witfi slight decomjto.sit ion at 174*^. It 
is extremely soluble in alcolnd and ether, sparingly soluble in water and in elilon>ronii, 
and does not exliibit any coloured reaetion with iron salts. Its sr/r/inm mif in 
erystalliiie and vmy soluble. The solution of the ii,ni/n>niufn an/f haves tJie acid when 
evaporatetl. The d/ver mdf. C"ll"0*.Ag is a light yelhtw j)reci}titiile, becoming white 
and crystalline after a short time; it is soinewliat soluble in water and blackens nt 
Iin»° (Perkin). 

CRBjELTnrB. C^iJ®NH)'h — From the <h-composition of cn*atine by baryta-watef 
into urea ami sarcosine (methybglycis-ine) Strecker infernsi that it is a compiuud 
of cyanamide (urea minus water) with methybglycm-ine (ii, t)8) : 



CyanamMc. Metbyl iue. 


PN 

(canjj; 

Hb 


N’ 

0 


Creatine, 


In coiTobonition of this view, Vollianl {YAiti^ hr, f. (’hf'ni. [2] v. .'nif) haS lately pfu- 
ducod crt*jitinc hy direct union of cyanamide and sarcosine. The cuinhination may Im» 
effected hy heating the two bodies together in alcoholic solution (a) 100'^ for sum® 
hours, or hy mixing them iu aqueous soitition, and either ovup<>rtiting or leaving the 
liquid to iUelf for some time. In either case creatine crysUillises out niix<d with mor® 
or less creatinine formed from it by the action of heat. Strecki r some years Hgo 
obtained glycocyamino* the lower honiologuo of creidino, by eonddning 

t^anamide with glycocine (ii. 906). 

The following method of estimating the amount of creatine in muscular flesji ii 
given by Neubauer {Zeitwhr. anal. Chem. ii. 22). From 200 b> 2d0 grms. of 6n®ly 
chopped meat is heated to 6o^-60° witli an et^ual weight of water for ten or fifteen 
minutes, with constant stirring, till the albumin begins to cotigulate. The liquid i® 
thoroughly expressed, the residue being twice stirred up with 60 to 80 c.c, water; 
heuterl over the open fire till the albumin is completely coagulated ; filtered when 
<*old ; precipitated with basic lead acetate, carefully airoidlng an excess; and the solu- 
tion, freed from lead by hydff^en sulphide, is finallpf evapomted over the water-bath 
» thin syrup. The colourless creatine which m deposited after a few day® is 
separated from the mother-liquor ; the latter is mixed with 2 to 3 vol. strong alcohol ; 
and the entire cty'stullino mass (after washing with alcohol of 88 p. e. and finally with 
absolnte aJoohul) is collected on a small weighed filter, dried at 100“®, and weighed* 
^ ereatine gires oflT 12*17 p. c. waUr at lOU®, this water mnst be taken into account 
it* esttmating the amount of crystallised creatine. By this method, Kettbauer haa 
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found the amount of creatine in 100 pta. of the fleeh of 'various arf 


followfl : 




i :i. f 

0‘167 1^166 


Creatine dried at 100° 

„ crystiilliBod 

w t!„i, IP was found either in the creatine thus prepared or in th«kSw>er- 

licuor tam wliiel. it ha<l crystalliscl. Hence, and from the fact that cceatJ»»,« e*. 
veXl into creatinine by prolonged l.eat.ng, Neubauer concludes that creatinine,, 
alb nether absent from normal muscular flash, that consequently m the metamorphoe,, 
of touVereatine is the primary product ; and that this substance jn its pas^thmugl, 
the blood is converted by the action of heat into creatinine, which IS eliminated in the 

''"Nawrocki also {7.<tUsrhr. anal. Chem. iv. 330) conclades from experiments on fro^, ' 
tliat them., soles (wild her at rest or tcbuiiscd) contain no creatinine, and that the 
quantity of creatine in frogs’ muscles (0 221 to 0-388 p. c.) does not dimmish durme 

Crcl“nrmay^‘,c conveniently prepared from Liebig's extract of meat, in which it 
occurs crystallised, together with a smell quantity of creatinine. To obtain it, 40 pts.by 
weight of the extract are dissolved in 800 pis. of water ; the solution is prccipitat^ mth 
a sliaht excess of basic lead acetate, filtered, an.l freed from lead by hydrogen selplude; 
the liquid again filtered is evaponaled down to 40 pts (the original weight) ; and the 
creatine doiwsited from this concontnitcd liquid is collected on a filter and vrashwl. 
The mother-liquor, after sbinding for a week, deposits an additional quantity (Mulder 
a. Mouthaan, Zr-i/ArAr./. 67^m. [2] V. 341). i x r^o -si 

A concontnitcd aqueous solution cadmium chloride satwratod at oO with creatine, 
deposits, first unaltered creatiiio, then by evaporation over sulphuric acid, a compound 
of croaline with cadmium cldori.le, cm»N’OLCdClL 2H-'0, in large colourless crj^stels, 
which irive oft' thoir water at 100° and are resolved by hot water into crefttnie and 
eadiniuni chloride. In the same manner may bo obtained a compound of creatine with 
cine chhride, caPN=*O^ZuCP, in small anhydrous crystals, which arc 
decomposed by hot water. Creatine forms similar compounds with cupric chloride and 
nuTcuric nifrafe (Neubauer, Ann, Ch. Pharni. cxxxvii. 298). 

CKSA.TXlO’mi:. The whey of milk after putrefaction contmns creati- 

nine, ovide.ntly produced from the creatine in the fresh whey (Commaille, Zetischr. /. 
Ckem. [2] vi. 03). , , j • *. 

Creatinine heated with concentrated harf/fa-watcr is resolved 
and in e th y I - hy da ntoi n (Neubauer, Ann, Ch, Pkarm. cxxxvii. 2do) , 
IIVDANTOIN : 

C'H^N^O + H'O = Nil* + C*II®N'^0*. 

Action of Nitrous Acid. — DcssaiRnes, by passing nitrous acid vapoi^ into a 
of creatinine, obtained, with evolution of carbon dioxide, a base to which he 
the h.nuula C«H>«N‘'0^ (ii. 102). This reaction has been further 
Marcker {Ann, Ch. Pharm. cxxxiii. 30o ; Jahresh. 1^66, p. 406), who fin s 
nitrogen is evolved as well ns carbon dioxide, and assigns to the base discover y 
Dessaignes the formula C*H“N*0* ; ho has also shown that a second base isome 
with the first is produced at the same time. j • • id i#' 

When the nitrous gas evolved from a mixture of arsenious oxide and P'tric 
pa.ssed into a concentrated aqueous solution of creatinine, a brisk evolutioi^t _ 
dioxide and nitrogen takes place, and the brown liquid deposits well-dofinw 
of the nitrate of a base a, which by repeated precipitation with ammonia is 
as a white powder formed of microscopic* needles, and having the 
C^IPN^O^. It is but slightly soluble in cold water or alcohol, and quite uifc: 

other. Its hydrochloride^ C^H“N^0^.HC1.H*0, crystallises in laminae or prisms ee^c 
soluble in hot water, slightly soluble in strong alcohol, insoluble in ether. 
platinum and gold salts of this base cannot bo prepared, inasmuch as they arevg-, 
etisily decomposed, with reduction of the metal. The nitrate C*H*N*0*.&NU * 

largo rhombic tables soluble in water, in.soluble in alcohol and ether. . 

The mother-liquor from which the preceding base has been separated by 4 
^ntains, together with a large quantity of ammonium nitrate, a second^ 
isomeric wi^ the first, the nitrate of which separates out on eyaj^ration. ^ , 
crj'stallises from water in spherical nodules, and dissolves easily in water t 
alcohol, but is insoluble in ether. The hydrochloride is likewise easily solnhW^ 
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in white lamina?. The piaiinochlorUie 2(C'Il''N'0- . HCl) . PtCl« 
8 ethor-aicohol, soluble in water and in alcohol, and crystallUcb in yellow 

table% ' , 

The fertjMition of both these bases is represented by the txpmtion : 

* 2C^H'N*0 + HO = OTPN'O- + 311-0 + 400^ + N*. 

The «» water, melts at 2 in'*, with evohiti.ni of gus, and leaves a 
residtgphlch is resolved by hydrochloric aci<l into an insolnblo biMwn 8\»b«tanco ami 
thr 46^1^ ^ase. C JI' N'W (?), pretipi talinl by ammonia in 

gslatinons flocks. The base fi melts at and carbonises with slight evolution of 
gas at 220®. 

By carefully mixing the base a umlcr water with hrominr, a non-Kisic bmly 
C*H*BrN*0S is formed, easily soluble in water, and crystallising therefrom in 
yollowisK noodles ; with excess of bromine a Inamiinatcd resin is priKlucoti, 

The base a heated to 100 with ctk^l is converlitl into a bi^own syrup 

which contains a largo quantity of free iixlim-, and is deevanposed by boiling with 
silver oxide, with evolution of othylaininc, and formation of a base, C:*U’'NO‘ (?), 
which crystallises in needles molting at lo2®. 

Constitution of Creutine and Creatinine . — Allusion Inis almwly been nnuio to 
Stnrkor's view of the constitution of creatine, acct)rding to which it is rogardiHl us n 
hydoramino containing the elements of cyttnamido and nu tliyl-glycocino, tiiul ropro- 
CN I 

senttsl by the formula n slight alteration the formula may bo 

HH 

converted into that of a dianune containing hydroxyl*gl ycollyl, CTlH).OIT, n 
monatomic radicle, wliich may bo siqiposed to exist itt glycollic acid, C'-'llH)* J ; 

and creatinine, wliich is derived from creatine by abstraction of the elerno;.ts of 
Wider, may bo ropresented as u diainino containing the diatomic nidiclo glycollyl, 
C-H=0 ; thus : 


C’N ^ 
JP) 

CrcHtine. 


( N 

(envoy 

( IP ■ 
IV 

Creatinine 


These tw'o bodies, Ixith of which yield methyl guanidine (inelhvlurainltie) hy 
oxidation, may also bo ropresented as iriaminos <lerive»l from motliyl-guanidiiKs ; 
criidino by substitution of hydroxyl -glycollyl for 1 at. hydrogen, creatinino by 
substitution of glycollyl for 2 at. hydrogen ; 



CH* [ 

!!• 

(Tf^ ] 
(C'GPO.Oll/l 



IP J 

1 H» ) 

Onanklire. Methyl- 

Creatine. 

Creatininb. 


guanidine. 



emsosox.. 

See the next article. 




enUBOSOm (ii. 104). From further experiments by Gorup-Besancx (Ann. Ch, 
Vharm. QxWn. 129 ; Jahresb. 1867rp. 683), it appears that the several varieties of wood- 
f tar creosote are mixtures of compound ethersof guajacol, and croosfd, C*H** 0 *, 

the/ormer predominating in Khenish becch«tar creosote, the latter in Moravian and 
English creosote. Rhenish creosote has a sp. gr. of l'083l at 17*6®. and begins to boil 
at 130®, but the greater part distils between 199® and 208®, a smaller portion 
between 208® ana 216®, leaving a dark-coloured residue. The portion distilling 
between 199® and 208® has a sp. gr. of 1*077 at 14®, does not solidify at 7 H'®®; a»« 
when repealccUy distilled does* not exhibit any constant boiling point. This distiliats 
dissolves completely in acetic acid of im, jpr. 1*046, also in dimte potash-ley and in 
exc^ of ai^ueous ammonia. Its alcoholic solution mixed with an alcoholic solntiOT of 
feiric chloride acquires a fine emerald-green colour. This charact^ serves to d ist^- 
floish wood-creosote from phenol, the alcoholic solution of which forms a bwwii 
mixture with alcoholic ferric chloride. According to Buot (BnU, 8oe, Ckim. [2] Tlii. 
*76), •"•olution of ferric chloride mixed with ammonia tiU the preetpitat f jmft 
boomnes permanent, is oolonxed blue or violet hy phenol, gmn and afterwards bfOTO 
^ beedi-tar crebsote. Another distinetive test is aflbided by oollodioii» le pii* 



504 CREOSOTE. 

phenol and 10 pts. collodion forming a gelatinous mass, whereas creosote forms with 

colMion a tniiisparent liquid. , , , , ,, ^ j . 

When potiissiiim chlorate is mlded l»y small portions to a warmed mixture of 
beech-ter creosote and hydrochloric acid, till green chlorine- vapours begin to escajie 
(for which 18 to 24 hoars’ tn;atmci»t is necessary), and the pasty yellow mass obtainetl 
on cooling is washed witli water and with alcohol, golden-yellow scales are obtained, 
which when sublimed and treated with cold chloroform are separated into insoluble 
tetrachluroguaiacone, C’lreiW, and soluble te trachlorocreosone, 
CIl^Cl'O*, bodies homologous with a coinjMmiid having the composition of tetm- 
ehlorfxiuinono. Gonip-Besanez supposes them bo bo formed in the manner represented 
by the equations : 

C’lPO* + lOCl - cm^cvo^ -b 6HCL 

Guajacol. Tetrochloro- 

guajacone. 

C«H'«02 + lOCl = -b 6HC1. 

Creosol. Tetrachloro- 

creosone. 

For another view of their formation sec p. 506. Tetrachloroguajacone and tetra- 
chlorocreosone are lomon-yollow crystalline bodies nearly insoluble in cold water and 
alcohol, slowly soluble in cold ether, easily soluble in boiling alcohol and chloroform. 
The former sublimes, at the latter at 160°-170'^. Dilute potash-ley colours 

tetrachloroguajacone blackish-grey or black, tetrachlorocvoosono grass-green ; warm 
potasli-ley dissolves lx)th with black-browii tsdonr. Tlie bodies formerly describes! 
as bexachloroxylin and peiitachloroxyliii (ii. 105> agree in all their pnjpcrtifs, 
excepting solubility in other, with tetrachloroguajacone and tetr^hlonicreosoue, 
an<l are regarded by Gorup-Besanoz as mixtures ot the two with trichlorocreosone, 

cnwmK , . , 

Whoti creosote saturated with water is treated with phosphorus and toaifif, the 
latter being adiled by small portions and the phosphorus kept in slight excess, 
methvl-iodiile distils over and a viscid residue is left coiihiining py rocatech i n, 
together with amorphous phosphorus, and an oil liaving an intolerable odour. By 
lixiviating this residue with water, neutralising with barium airbonato, precipitating 
the filtrate with lead acetate, decomposing the w'ashed precipitate with hydrogen 
sulphide, evaporating the solution, pre.ssing the crystals thereby obtained, and 
subliming them, pyrocatcchin is obtained witli all its characteristic qualities. It is 
formed from guajucol us represented by the equation : 

-f HI - enn + c«H«o’ 

(Gomp-Besanez). II. Miiller {Zeitsekr. Ch. Pkarm. 1864, p. 40) obtained from 
English creosote by the same process a syrupy uiicrj’stelli sable liquid, C'H*0*, whicli 
is a homologue of pyrocatcchin, and is fonuw in like manner from creosol, the chief 
constituent of English wood creosote : 

+ HI = CHH + 

Gt)rup-Be8i\iiez has lately obtained the 8.-ime compound, homopyrocatechi n, 
together with a small quantity of pyroaitechin, fi^om a sample of Khenish beecb-tar 
creosote consisting chiefly of creosol {Zeitschr. f. Chrm, [2] iv. 393). The same kind 
of creosote distilled with manganese dioxide and dilute siilpliuric acid, yielded 
phlorol or phloryl alcohol, C*H‘*0 (Gorup-Besanez and v. Bad, ibid, 660). 

lastly, the composition of Rhenish beech-tar creosote has been exiimined by Btamsso 
(Detif. ckem, OrscUsch. Berlin, 1868, p. 99; 1869, p. 71 ; 2^itschr.f, Chem. [2] ly. 602; 
v. 348), who finds that it may bo resolved by repeated fractional distUlatioD into 
three portions, boiling at constant temperatures, the first passing over at 184®, the 
second between 200® and 203®, the tlurd between 217® and 220®. The ^rtion 
boiling at 184® solidifies on cooling and consists of phenol. The distillate obtained 
between 200® and 203® is a mixture of guajacol (boiling at 200®) and creeol, C'H*0 
(boiling at 203®). The thinl portion, boiling between 217® and 220® (that in which 
Hlasiwetz, Muller, and Gorup-Besanez ha<|^ound creosol). was converted, by heating to 
160® in a sealed tube witli hydriodic acid, into methyl iodide, homopyrocateehin, and 
phlorol, C*H'*0. 

Marasse finds that pure guajacol treated with potassium chlorate and hydrochloric 
acid does not yield a trace of chlorinated qui nones ; but the portion of beech-tar 
creosote boiling between 200® and 203® treated in this manner yields the tetnMhloro-. 
guflgaoone, C’H*C1H>*, described by Gomp-Besanes (p. 603), its formation being das 
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to tlie cresol confined in that portion of the distilkte. The occurronoe of phlond 
ill the least volatile portion of the ert osoto accounts in like manner for the prouuction 
of tetrachlorocreosone, C^H'CPO^, by the action of hyilrtK-hloric acid and j^tassium 
chloral®* and of phlonme, C"U'*0% Iiy that of manganese dioxide and sulphuric acid. 
The same compound was obtaiueil by Rommicr a. Ihmlhon (Jakrr,A 1862, p. 322) 
bv the action of manganese dioxide and sulphuric Jicid on the jsjrtion of acid co 4 il-Utr 
oil distilling betweeii 196° and 220°. 

Fmm those results it ap|M)ar8 that Khouisli becch-Uir creosote is a mixture of the 
following compounds : 

Phruol srrirs. Gtutjai'oi .vr/rx. 

C*H\OH (Rl\ 184°) (B.l*. 20(0 

('•H‘(('H>).CtH (RIV 203°) ('*H».ni*.0r}P.01l (li.l*. 217°) 

C*ir(CU*)M)lI (RP. 220°) 

The existence of plienol in this creosote is eonfiniUHl hy the ex|H<ritnefits of Frisch 
(.7. pr. Chem. i'. Till; Jiihreah, 1867, p. 689), who oblained plienylsnlphnric acitl bv 
(naling it wath strong sulphuric acid; dinit in^phcnic and tritiilmplienic (picric) acid's 
t\ subjecting it to the action of strtuig nitric acid ; and several chlorinatwl (juinones 
and hydroqui nones by tho action of |x*ta.s.sium chlorate and hydnshloric acid. 

Creosol* CIP^O'"* (ii. 106). When rectified creosote is heated for several 
lenu's to 60°, with an equal weigld of strong snlphurie acid, crro.sol pfi uric <>r 
s H ! phoc rensol i(' acid, (''*IP'’SO' — (-’‘IP'O^.SO’H, is formed as a deep r(sl mass 
which dissolves with violet colour in water. Tlio pure acid .separalml from its b ad 
salt is ribtained by evajM^ration as a light, yellow s^rup. which on f•^tp<^sure to the air 
ijiiickly turns brown ami alis irbs water. Its .salts are erystallisablo, easily sohiblu in 
water an<l alcohol. The p(>f<t,'<.^itou ,'<(U t'**IPS(>'K fornus ntsbilar groups of slemler 
iie«Hlles; Wic t cad salt (C"lP'.S()')*rb dries up in a vacuum ton light yellow mass of 
sh'ndor needle.s. 

('rcosi/l rhioridc, ClPtH’l, pHslnced by (he actifui of pho.spliorns |>cn(achlori<le 
oil rectified cri'osote, is a linijdd, strongly refracting, mohile, oily liquid, having a faint 
acid reaction, a slightly pungent not unpleasant odour, a very sliarji liisfo, and a s|>. 
gr. of 1‘028 ; it turns brown in the air, dissidvcs sparingly in waliw, easily in alcohol 
and ether. With silver nitrate il forms silver chloride; with ferric cldoride it exhihils 
a fine green, with ammonia a dark brown colour ; alkalis abstract tho chlorine (Bichola, 
Jnn. Ch, Phar/n. cli. 104). 

When pt. creosote is IiwiIhI to 140°-160° wilh 1 pt, »>xalic aciil atid 2 pis. strong 
sulphuric acid, carkin dioxide, earhon monoxi<le, ami water are given oflT, the mass 
acijuiri'S a dark brown-red c-olonr, and after boiling with wafer, which fJiss<dves a large 
quantity of phenylsulphuric acid, solidifies (o a hlack-hi*own brittle resin. This suh- 
stiinco is insoluble in water, soluble in glacial acetic acid, sparingly soluble in exdd, 
m*>re easily in boiling alcohol, wduble with .splendid purple-rcvl colour in ammonia 
and p)ta8h-ley, and separates therefrom on neutralisation in orange-coloured flocks, 
which booiine resinous again when warmed, 1’he conijsmnd when dri<sl has a splendid 
orange-rod colour, like that of pn-cipitati'il aliy-irin. It melts at 80°, giving off 
phenol. It becomis wdourloss when trotted with iron-filings ami acetic acifl, or 
With so-linm-amalgam, but is ru't uffrctwl by alkalis. Its percentage composition it 
r< presented by the formula C’llK) ( Kol!»o a. Schmitt, Ch. Pnarm. cxix. 169). 
Waaklyn {Chem. JVxu’s, x. 171) suggehis that it may havo the conatitution 

^ , formevl on the ethylene ty})e. 

CKBSOX,. (711*0 - C*H*(0H).CH». Crcs.v/ Alcohol. Crcxylk PAww7.~-Thit 
body was first obtained in an impure state from urine by SUideler (1860), who calltd 
\\ taurylic acid (v. 701). Williamson and Fairlie (1864) prepared it by fractional 
distillation from coal-tar creosote, in the form of a liquid boiling cfinstantly at 203°, 
and Duclos (1869) obtained it from the creosote of fir-wood tar (ii. 106). Mor* 
recently it has been produced by definite reactions, viz. : 1. By the action of water OQ 
nitrate of diazotoluene (Griess, Jahretb. 1860, p. 468) ; 

+ 11*0 - C*H*0 + N*. 

2. By fusing potassium toluene-sulphate with potassium hydrate (WurU» ibid, 1867, 
p. 612); 

C7H«(SO»K).CH* + KOU « SO>K* + C*H‘(OH).CH». 

By heating Ihvmol with phosphoric anhydride, whereby the thymol U revived inte 
®reeoi and propylene (EogeUiarat a. Latsebinofir) ; 

C**H**0 - C’HH) + C?H*. 
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Now there are two isomeric modifications of toluene-sulphuric acid, a ami $, distin- 
guished by the different degress of solubility of their potassium salts (p. 286), and 
these when fused with potash yield two isomeric crosols, a and $, one of which (a) Ls 
identical with the cresol of coal-tar and wood-tar. The cresol obtained from thymol 
constitutes a third modification, y (E. and L.). These three modifications are doubtless 
the ortho-, meta-, and para-cresols, resulting from the different relative positions of 
the radicles OH and CH® ; thus : 

C»H<(OH) . CH* C«H*(OH)H . CIV C‘'H''(OH)H ^ ClI*. 

Ortho-cresol. Meta-cresol. Para-cresol. 

Paba-cresol is prepared : 1, By fusing the potassium salt of a-toluene-sulpluiric 
acid with 3 pts. potassium hydrate, dissolving the fused mass in water, neutralisini; 
with hydrochloric aci<l, dissolving out the separated cresol with other, dehydrating thy 
ethereal solution with calcium chloride, evaix>rating the ether, and distilling the 
residue in a stream of wirbon dioxide. — 2. By converting the sulphate of o-tohiidino 
(ordinary cry stiillised toluidino') into the corresponding salt of dinzotohicne (v. 867) 
by treatment with nitrous acid, and decomposing this salt with boiling water. Cr. sui 
obtained by either of tlicso processes has exjictly the same j^roperties. and may bo 
completely purtfied by treating it with benzoyl cldorido, recrystallisliig the re.sultiiig 
benzoyl-cresol from ether, and decomposing it with potash at 100®. 

Paracresol thns prepared is a transparent colourl(*ss liquid, liaving a disagreeable 
phenolic odour like that of putrid urine. It solidifies in a freezing mixture to a 
lamino-crystalline mass which does not melt again at ordinary temperatun s. Boils 
at 198^-200® (Engelhardt a. Latsehinoff). A. v. Bad {Zeitschr.f. Vhem. [2] v. 71-)) 
by treating commercial coal-tar creosote by the pr(X’cs8 applied by Duelos to wssl 
creosote (ii. 106) finds that the portion of the product boiling at 198° has the exun- 
position of cresol, C’lBO, whereas the portion boiling at 203® (the boiling ]x>int, found 
by Williamson a. Fairlio and by Duelos) contains aliout 2 p. c, carbon more than the 
quantity required by tlio formula of that body. Wlion the cresol thus obtainoil is 
very gently heated with potassium chlorate and liydrochloric acid, it is convcrtexl, 
according to v. Had, into tricli lorocrcsol, which crystallises from hot alcohol in 
yellow lamimc. Ollier elieinlsts, liowever, liavo oldaiiied by this reaction chlorinated 
homologues of quinono (p, 503). 

Methyl -paracresol or Methyl - cresylic ether, C’lDO.OlD or C®II'(OriP). 
CIP, is obtained by the action of metliyl-ixxlide on potassiuin-cresol. Cresol is 
heated with pulveriseil pitassium h3’drato till the latter is dissolvexl, and tlio 
solution is introduced, together with excess of metliyl-i»iditle ami a small quantity of 
. methyl alcoliol, into a flask connected with an invorle<l condenser, the violent action 
which first sets in being nnHlerat<*tl by immersing tlie flask in cold water, and the 
Hubsoxjuont action being assisted by a gentle heat. The prxhict washed with water 
and pota.sh-ley, then driexl and rectified, yields methyl -cresol as a colourless liquid 
lighter than water, having an aromatic <Klour like that of anise-oil, and boiling 
without decomposition at 171^. By' oxidation with cbrtmiic acid mixture it is con- 
verted into methyl-paraox ybenzoic or anisic acid (Korncr, Bull. Acad, Bely. 
[2] xxiv. 154 ; Jakrtsh, 1867. p. 326), 

Et hy I -paracresol, (’‘IPO .(’-IP, pnxluced by' boating paracresol with potassium 
hydrate, ethyl iodide, and a1c<»hol, is an aromatic liquid insoluble in water and Ixoiling 
at 186°-188° (Engelhanlt a. Ditschinoff). 

(’‘IPO.C^IPO, prepared bytrtviting paracresol with lienzovl 
chloride, is insoluble in water, soluble in a mixture of alcoliol and ether, and crys- 
tall'sos by slow ovaixinvtion in largo six-sided tables melting at 70°. Heated 
with potash-ley, it is resolved into benzoic acid and paracresol (Engelhardt a. 
I/rttSk’liinoff). 

Paracresol- sulphuric acid^ C’H"SO* = C'H*(iSO*H)(OH), exhibits exactly 
the same properties whether prepared by the action of sulphuric acid on paracresol, or 
by treating paratoluidino-sulphnidc acid with nitrous aeiti, whereby it is cxjnvertod into 
diazotoluene-sulphiiric acid, ami decomposing this compound with boiling water. Its 
potassium mlt CHPSO'K -f 21PO = €»H«(SO>K)OH + 2H-0 crvsUiilises from boiling 
Watet in largo flat six-sided prism.s ; from boiling alcohol in needles. Tlie 
fyarimn salt (CHPSOD^Ba or C>*H'>(S20 ‘Bb) 0*H" is much less soluble in boiling 
water tlian the potassium salt., and crystallises on cooling from the satumt^ solution 
in a mass of laminm, which, however, on leaving the cryistallising vessel in a warm 
place, are converted into large plates of the anhydrous salt. A basic barium mdt 
C‘«H' WO'‘Ba)0»Ba + 4H’0 or C'H*SO*Ba 2H*^0 separates on adding baryta- water to 
a solution of the preceding ssilt, or to a solution of the potassium salt mixed witll 
barium clUoride, as a white precipiUte consisting of slender needles. It in but T**y 
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«r T> tlv soluble in water, even at the l>oil»np bent, and ervstalliHes on cooling from 
solution in needloH. The m>riual lead salt forms very soluble iukIuIcs. 
narjieresolsulphates form with basic lead acetate a basic jwirjo‘n*s<d8ulphato of 
1 > Id \Vith ferric cdiloride they form a soUitiou of a fine violet colour. 

‘ racresoldis nip ha tes. ^The poiassiammli C'H‘{SO^K V-OIl + 3 ll *0 is obtained 

, , j, eating potassium paracrcsolsulphate on the water-hath with N<<rtllmusen sulphuric 
'iil holding sulphuric anhydride in solution ; dissolving the prixluct in ’w-ater ; satu- 
” this with barium carbonate ; and deoomp>sing the filtered scvlntion with jvitassium 
^'it.haUt. It is very soluble in water and birms large transparent eflloreseioit crysbils. 
The needles on mixing the 

eolation of the potassium salt with barium chloride (Kngelhanit a. I^atschinoflf), 

‘ Omi‘bo a. Borgmann {ZeUschr. f. Chem. [2] iv. 1 18) by treating pjinicresol with 
lassiura chlorato have obtained two chlorinated homologues of 4111110110 : 

C«II{CIP)C 1 * 0 » and 

IHchlorotoliiquinone. Trichlorotoluqainene. 


Okthocuksol. — T his iinxlification has not been obtained (piito free fmm 
] .iiMcreS'd. It is prepared by fusing the more s(»lnble i 3 -t‘)lu<-ne-Mdpbale of judaKsium 
(t, 28 (>) witli potassium liydrato, or by deeomjH>!slng orthotoluidiiu- tliijuid tnluidiue, 
d-mluidine, Ib.senstiebVs pseudotolniiliue) with nitn.us acid. It is a transourent 
eulourless or yellowish luiuid which does n<»t s didify in a five/.ing mixture, and hoiU 
at abnut 180 '^ (Kiigelhardt a. Tat sc hi nod’). 

M ft li t/l ‘ortkocrcsnl is obtained by treating a C(i<de<l mivinre id methyl-moiu)- 
l.ivinoi'lmnol. ntethyl-iodidc, and ludiydnms ether with excess of sodium: 

(‘•‘llMlrOCIl* + CH *1 + Na‘^ . Nal + Nallr + ('fH'f<>(’ll’').CU*. 

It is a liquid boiling at 17 o^ and smelling like rotten apples. By oxidation with 
( hroniic ueid mixture il is converted into in et h y 1 - oxy be n zo i e acid. Jlydriodic 
o i l converts it into a cresid probalily identical with the tirlliocresol above mentionwl ; 
but its pr(»pcrties have not been examiiuMl (Kdriier, ( 2 j iy. 327 ). 

yb ii.-ot/l-orthoeresol is a thick yellow oil insolublo in water, easily siduhle tn ether 
(Kiigelliardt a. Latschinoff). 

(irthocresol-sniphuric acid miH ohUinwl by the action of sulohiiric acid on 
...ihocresol (containing paracresol). The acid solntioii was sainrateil with liurium 
iMrlM.natc, and the tllt'ered boiling solution was mlxtHl with baryta-water, 
itown the sparingly sotnlde barium salt of paracresol -sulphuric acid. Iho filtrate 
from the latter yielded, after evaporation and asding. small mxinles consistitig <d 
they^rr.ic barium salt of the orM.o-aci<l CM! + Ill-’O. Tim m>rwul 
banifui salt ("‘*Jl'2(8^0‘'Ba)() iP'f.rlFO is nncrystalbsable, very s-duble in water, 
soluble in boiling alcohol, from which it separates as a white jxiw.hy on cooling. 
The po/assium soli is easily soluble in water and unerysinllisablo ( Kiigeihardt a. 


Ix'tlschinoff). 

Mktacuksol {y-crcsol) is produced by decomposition of thymol (propy - f»r 
isopropyl -phenol). When 100 grms. of thymol arc heaUsl in a flask with 3 .i gnus 
ihospnoric anhydride, propylene gas is given oil, an<l iiietacrcHol-phoHphoric m n 
rcm.iins in the form of a yellowish liquid; and by fusing this onxluct with fiotiiKli, 
•l>swlving in water, ngibUing with ether, deeomiMisiiig tlio etherwil solution with 
hvdnx-Uloric acid, again dissolving in ether, evaisirating, and distilling in a stream 
of carbon dioxide, metacresol is <»btained, together with an oil which has not l.een 
further examined. Metacresol is a transparent liqui<l, which docs not #K)litiify in a 
freezing mixture, boils at 196 ^- 200 °, and has a phenolic rslour, but without the i^cutiar 
' h iract^rof that of paracresol. FAhyl-metacresol U an iirfamitic oil boiling at 
188 ^- 191 °. 7 ?c»^oy/- mcy(icr<;sons a whitecry'stalline mass melting at , ana 

flistilling between 290 ® and 300 ®. 

M€tacre$ol 8 ulphaicB.~^hQ poiaMium salt 0’U*YSO*K)On 4 i« W 

s»'l«Vv!e in water, and crystallises in needle* or short prisms, solubloauw in * 

TU normal harinm $att C''n'^8*0*Ba)0>H' + ZH’O i» Iy ^ 

rrjstalliaoe in hard nodulca. The hatk iarium tall C"U”(S 0 
fcl'herical group* of needles very slightly soluble in eold water. salt* of bm 

creaol-sulphuric acid form with baaic lead actate a white 

tneUcrcaolaulphate. Solution of ferric chloride colour, them violet (Engelhaidt a. 

/. Cham. [2] v. J7X), '“,'1'^*"^ ®the*^®i^wS 

’vith phocMoma nentachloride in the cold, ^,.,''*’** 11 ' ,, 1 . 1 . , 1 auriff?—' 

C‘H‘( 0 H) . CHC 1 », wWh he deeignatee aa didJorocreiid (tf wall/ • iSSwrtl 
»t must its origin bo dicUoro-Bietacwsol). It dTstalliseo in pn«»« OioltiBf it* 
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82®. is colourctl dark red in alcoholic solution hy ferric chloride, and when heatwi 
with phosphorus {xiutachlorido is converted into chlorohmzylcm dkhhriti 
C‘H'C1.C'H<J1'. 

Dinitrocrcsols, Cni''(N0'‘)-0. — A body having this composition is fommi 
together with other products, by the action of nitrous acid on nitrate of pin! 
amidotoluic acid (see Toj-uic Acrn) : it forms yellow crystals molting at 85® (Roilntcin 
a. Krousler^ Jahnsb. 1866, p. 360). The same compound (molting at 84®) is pr^liueil 
by the action of nitrous acid on ordinary toluidine. Its silver s<ilt 
crystallises in dark orange-coloured slender needles having an iridescent asjxvt. The 
red powder known iu commerce as Victoria-yellow or Aniline-orange is a ncarlv pun* 
salt of dinitrocresol ; but the dinitrocrcsol scparatctl from it is isomeric, not identical, 
with tliat just mentioned, as it forms scarcely yellowish crystals melting at 109®-! lo"! 
anil its silver salt crystallises in thicker ncicdles of a lighter orange-yellow colour. Thi.! 
dinit rocresid dissolves easily in alc<du>l, other, and chloroform, producing deep yelldw 
solutions (Martins a. Wiehelhaus, Zeilschr. f. Chem. [2] v. 440). 


C&BfiOTZO ACZB. C«irO» =. Kolbc and T^mtcmana 

obtained the sodium salt of this acid, together wdth that of its isfjmeridc, carlute rosy lie 
acid, by passing carbon dioxide into cresol holding s<Hlium in solution (ii. 106). th« 
acid thus prepared was paracresotic aciil. It melts at 153® (Ki)lbo a. Ijiiutemann 
at 147®“150®) (KTigelluir«it a. T^jitschinolf), and is coloured violet by ferric clilorido. 
The same acid has lately been obtained by G, Vogt {Zeilst hr. J. Ckcnt. [2] v. 577) 

HTP 

fnjm xylene as follows: Cliluroxyleno, C*Il*('l < , is lieated with fuming Hulnhiinc 

p s on* 

acid, whereby it is converted into the chlorinated sulpho-acid j ; 

by fusing the potassium salt of this acid with excess of potassium hydrate, the chlorine 
ami the residue SO*H are replaced by Oil, forming the compound CGPOII j 

which, by the oxidising action of the potish, is immodiatodly converted, witli evolution 
of hydr<jgon, into the potassium-salt of cresotic acid : 


+ KHO = + 211’'. 

The cresotic acid separated from tliis salt by hydrochloric acid crystallises in long 
prisms molting at 148®. 

Orthocrcsotic acid is produced (together with the prtTedirig) by similar treatment 
of orthocresol containing paraeresol ; it is formeti much more easily than paracresotic 
acid. When the mixture of the two acids separatc<l from their smlium salts ly 
hy«lrochloric acid is fractionally boiled with small portions of water, the lost fraction.s 
yield paracresotic acid melting at 147°--1 50®, while the first portions deposit orth<»- 
cresotic acid in long needles melting at 114®, and likewise c<jloured violet by ferric 
chloride. The barium salt of this acid is very soluble in water and in alcoh'-l. 
Metacre^otic aetdy obtained in like manner from metacrcsol, is soluble in boiling 
water and crystallises iu ncctlles, uicltiug at 168®- 173®, sukI colourctl violet by fenic 
chloride. Its barium sivlt is very soluble in water aiul crystallises in stellate gruupji 
of needles (Engelhardt a. lijitschinoflf). 

.OBZTXMTUUK* The seeds of samphire {Cr. mnrilimum), an umbelliferous 
plant growing on rocks on the soii-coast, yield by distillation with water a volatile oil 
filing at 176®-178®, and having a sp. gr. of 0-980 at 13®. It oxidises in the air, and 
is converted by dilute nitric acici into crithmic acid, an acid resembling benzoic 
acid. The soetlsalso contain a less volatile oil and a tlrying fatty oil (Heroiiard, «/. 
Pharni. [4] iii, 324). 

OJtOOZir. This term, originally applied to the yellow colouring matter of the 
pods of (rardenia grand ijfora (ii. 108), has lately also been given to a red sulistance 
obtained by decomposition of the natural colouring matter of saffron. (See Saffhon, in 
this volume.) 

. A native seleuide of copper, silver, and thallium, from the 

copper-mine of Skrikerum iu Norway, exhibiting the following composition : 


Cu 

A« 

Fe 

Tl 

Se 


4611 

1-44 

0-63 

18-65 




46*55 

504 

0 36 

16-27 

30-86 

» 0908 

44-21 

509 

1*28 

1689 

32-10 

=» 99-57 


It forms lead -grey compact masses having the hardness of copper-glance, and a sp. 
gr. of 0*9 (A. E. Nordeiibkjold, Ann. Ch. Pharm. cxlv. 127). 
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AOIBB. C*H*0*. — This formula reprcaenU tht«e iaomatic aciila, t'h., 


I. 

n. 

III. 

cu* 

CH* 

Hu 

CH* 

(i— cn* 

1 

CH 

Lll 

1 

CH* 

1 

COOH 

ioou 

Crotonic, 

COOIT 

a-crotoiiir. 

Methocrj’Uc 


fnilltA VI'VJLUIIIV- 

onitiJii oil(ii. 112). Aocording lo 


The «rBt of these is the liquid acid nripiuiilly 

n towoveMhe doesTu,t”yield auy'aeid ImviuR tho 

(Jouther. howow ^ the liquid Tolatilo ucids obtained by tlmt pnaess being iwe lO. 
iTirir Md “loriknic, with a small quantity .da higher h.a«.,b«ue, probably 
‘ ' a’ Vrl nfill ftiid some of the higher members of the oleic senes. 

,,?d crotohic acid is obtained^ the folUiwing processes ; 1. By the ^lum id 
.hh’rttlfylidelTe and metallic silver on mouochloracel.c acid (Stacewic/:, Mh.hr. f. 
[2] V. 321) : 

CIPCI ^ cieci ^ ^ |!„ 

UOOH CH 

•2. liy ,he action of naaoent hydrogen on the mmlifieation of m..n.KhU.r.a-rob.ni.' acid 

wlmh mclta at .')9 a° (Vrohhch, p. *)• „i|y linnij which il.wa not 

t'retonic aci.l preimred by euher of tl.cae ^0^. at «1 .«r and bli.tera 

...liail'v at -15“: it has an ar<.matic somewhat r»"K' nt wi.mr 

iillvl cvaiiide willi caustic potash : 

C*1I*.CN + 2U*0 »» NIP + C‘1P0 . , , aj • 

N',.» a, allyl alcoh.,1 cm^mmUr'l-^ 

St It ul ion IS probably * . • . o ...in i.ikuba 

and ‘ * “ 


l.r ClIiCir^/'.tJlinJN, 

• ■lUt’ir^/'.OlPCO'U: 

cucciP)" 

[’ll* 


tlmt of the f^*id formed by treating it with alkalis 
(!H(C 1 P)" 

211'U - NIP + 

C( 


, cooir 

CN Aljiha cnaonU' •< W. 

2 ny hca'Te— mhloropyrotartarie acid with an a.h,di (Swarts. 
p. 409); _ IT,., ^ nor 





COQU 
[•HU 
CHCl 

Lhh 

conn 

CHttwdjIorewTO- 
Uittfie MW. 


Al|»l»»^r< 4 oult^ aeW* 
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3. By the dry distillation of /3-oxybutyric acid : - HH) OH«0» 

(Wislicenufl, ZeiUchr. f. Chem. [2] v. 325). 

4. By oxidation of crotonic aldehyde, (Kekul4, ibid. 572). Now thiaaldehyde. 

formed by dehydration of acetic aldehyde, [2C‘^H'0 — H-O = appears ui 

have the constitution CH'-^zzCII — CIP — COOH (p. 512); the acid formed from it 
is therefore constituted according to the formula OH^IZCH — CH* — COOH. 

5. By the action of sodium-amalgam on the less V{»latile of the two chlorocrotonic 
acids to be presently described (Geuther a. Vrohlich, p. 611). 

Alpha-crotonic acid crystallises by coaling from concentrated solutions in needles- 
by slow evaporation over oil of vitriol, in well-defined monoclinic combinations 
oP.— Poo. -f-Poo.— P. -f-?7tP, ttibular by predominance of the basal end-lace ; 
cleaving distinctly parallel to oPand + /?iP (Knop). It melts at 72^-73°, solidifies 
at 70‘5", and boils at 183'8° (corr. 187®) without sensible decomp.'sition ; volati]in<*s 
even at ordinary temperatures, diffusing a j)eculiar odour, distantly resembling tint 
of butyric acid; dissolves in 12 pta. water at 15°. Its salts, with the exception of the 
silver salt, are easily soluble in water. Tlio sodium salt C^H’O-Na crystallises in 
doU'iuescent tables ; the potassium salt is also deliquescent and crystiillino. Tlic 
barium salt forms radiate groups of crystals ; the lead salt stellate groups 

of noodles, which separate from the ev.'iporatod solution aft-er the deposition of 
prismatic lamirim of a basic salt. The silver salt C^IPO*Ag is a white cunly 
|>rocipitato quickly blackened by light ; from a hot-saturated solution this salt separ.ito^ 
in dendritic crystals which are decomposed at the boiling heat, with separation of 
metallic silver. 

Nascent hydrogen evolved cither by zincuml sulpluiric acid, or by water and sodium- 
amalgam, converts alpha-crotonic acid inb> an optically inactive acid, C'H'*0^ identical 
with ordinary butyric acid (Bulk) ; aeconling to Korner, however (./a//rr*’5, 180r>, p. 
318), alpha-crotonic acid is not converted into butyric acid l)y the action of sodium- 
amalgain. 

Aqueous aljiha-crotouic acid mixed with bromine forms a colourless solution, which 
when evaporated loiivos a mixture of a syriqjy li<piid with a solid acid, whicli givi s 
out hydrobnjmic acid ; by the action of bromine vapour on crystallised alplia-cr.)t'mic 
acid, only the solid brominatod aci<l is pro<liiccd. The latter forrtm nifuioclinic (Tystils 
melting at 7fi°, solidifying at 75'5°, and nnnlerately soluble in w'at<*r. It contains 
(>5'72 p. c. bromine, agreeing with the formula of d i b ro m o c ro t o n i c acid, 
CH'Br-O'*, ratlicr than with that of dibromobiifyric acid, CHl“Br'‘0*. The syrupy 
acid cont^iiiis a smaller proportion of bromine, and perhaps consists mainly ot 
inonobroraocrotonic acid, GGPBrO- (Bulk). According to Kilmer, on tlic 
other hand, bromine forms with alpha-crotonic acid a crysbillino sicid, agreeing with 
tJio formula O'lPBrH)'^, melting at 00°, more soluble in water than crotonic. m'id. 
and yielding, when treated witli alkalis, cither monobromoorotcjnie aci<l, or by further 
decomposition, carbon dioxide and a brominated oil liaving the comixisitiou 
CHI^Br. 


Mkt II ACRYLIC Acin (Fraiikland a. Ihippa, Chrm. J. [2] iii. 133). — The 

cthylic ether of this acid is ppisluecd by treating ethyl dimethoxalate with phosphorus 
trichloride (p. 42) : 


C 

C 


(CIP)* 
OH _ 
O ' 
OC*H» 


ir^o 


' ({riir 

C ! CTI« 
CjO 

loCHP 


This ether, which has a very powerful odour of decayed fungi, is resolved by heating 
with alcoholic potash into alcohol and methacrylic acid, C{CH)’(CH’‘)''. COOH, which 
by distilling its potassium salt with sulphuric acid, is obtaintil as a colourless oil, 
smelling slightly like pyrogallic acid, and not solidifying at 0°. It has a strong acid 
reaction, ana its salts exhibit the same tendency as those of the other members of 
the acrylic series to give off their acid when their solutions are evaporated. The 
silver C*H*0'^Ag is a white precipitate not much affected by light ; the barium, salt 
is guniiDy and very soluble in water ; the cupric salt is also moderately soluble. Tlie 
acid heated with pv^assium hydrate to the tenip>eraturo of boiling oil is resolved into 
propionic and formic acids : 


C(CH*)”CH* 

ioOH 

Methacrylic. 


2H»0 


CH*CH* 

l:ooH * 

Propiosio. 


H 

I + H*. 

COOH 

Formic. 
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SifmMelatur^ the Acida — As tho saponification of croton‘Oil does not 

xneld any acid of this composition, OeutUec proposes to discard altogethac tho name 
‘crotonic acid,’ and to designate the liquid acid commonly calloci by this mime (p. A08) 
as quartenylio acid, tho corrospt>nding chlorinated ueitl CUI^CIO* melting at 69 5'’ ami 
Iwiling at 194 8®, being called nionochloroquartmj/lu' aeut. Tho solid acid 
hitherto called a-crotxmie acid, Gouthor designates as tetnwrylic acid, and tho 
chlorinated acid C^IIH’IO- melting at 94® and boiling at 206®-2ll® (p. 61 1), from 
which it is formed by tlio action of sodium-amalgam, as monochlorotetracryfic acid, 

HroMOCrotonlo Aeids (KekulA, Ann. Ch. Vhnr.n. Supjd. ii. 86 ; 1862, 

p. 341. Cahours, Ann. Ch. Phys. [3] Ixvii. 129 ; Jnhr,'»h. 1862, p. 316. Bulk, Ann. 
Ch. Pharm. cxxxix. 62 ; Jahre^jih. 1860, p. 316. Kuriier, Ann. Ch. Pharm. cxxxvi\, 
233 ; Jahreab. 1866, p. 317). 

Mon ohromocrotonic add, C^IPBrO*, is proihiccd : 1. By Ircjvting a-crotonio 
acid successirely with bromine and with an alkali. The crotonic acid then takes up 
2 at. bromine, forming an acid isomeric with dihromohutyric acid, t'^lBBr-O* ; ana 
this, under the influence of the alkali, gives up llBr, and is C{)nverltHi into hromo- 
crotonic acid (Kdrnor). — 2. By the action of alkalis on citnidibroimqni'otnrturic jicid, 
ih«: reaction biking place hy two sbigcs, curb m dioxide licing tlrst removt^l. and then 
hvdrobi'omio acid (Kekule ; tJahours). Thu mode «>f tran^^ol•maf Ion is exaetly sirniiur 
t.i that hy which crotonic acid is formed from citramoiu>hr«mu)pyrutartaric nciil, and 
sliows that tho hromocrobmic acid tlius formed has the structure of a derivative of 
a crotonic acid. Tho mode of ]ireparation adopte<l hy Kekul^ is as follows; t’alcium 
citrailibroniopyrotiirtnite is prejiansl hy saturating tlio acid with ammonia, then adding 
a concentrated solution of calcium chloritie, ami ]>recipitating with alctihol. Tho 
ijilcium salt, which when once precipitatisl is but slightly soluble iu water, is 
c- Elected, suspended in water, ami the water is boiled, (’arbori dioxide is then 
ivolved, and the solution on c<s»ling yields colourless mxlules of calcium hromo- 
(Totonate. Tho concentrated solution of this salt mixo<i with hydnxjhloric acid 
\l»'lds crystals of Itromocrotonlc acid, the remainder of which may bo oxtractixl from 
tlie .solution by agitating witli othiu* ;»nd eVajvuMt ing. 

Hn iinocrot4:unc acid crysUilliscs in long fiat needles like benzoic acid. It molti at 
66® (Kekule) ; 60® ((’ahours) ; and boils, with very slight deivunposition, at 228®-230®. 
Ii is sparingly soluhlu in coM, nuMlerati ly soluble in hiiiling water ; heateil witli n 
'juantily of water not sufficient to dissolve it criipletely, it melts below 60®. Tho 
:u)m*ous solution saturated at the boiling heat dep islts tho acid at about 60® in tlm 
loini of an oil wliich slowly crystallises. It has a }K-culiar cslour, resembling that iif 
but \ rio nei<l. 

15y itndhan’amalqam and water, hivunocrotonic acid is converted inb) butyric ncid, 
t'MI’brO- 2H**«= IIBr + CTIH)". lIeato<I with bromine to 100® in sealod luhcH, 
it takes up Br'^, and forms an acid isomeric with trihromohutyrlc acid, wliich 
crystallises in very hard colourless }>risrn9. 

d’lie metallic hromocrotonates are all solnldc in water, especially in hoi walor. 
Tho calcium salt (C^H*BrO-;^( ’a crystallises in nodular gnmpa of small needles. Th« 
Atvrr salt C*lI*BiO-Ag also cr^'.staflises in needles. 

hJthyl Promocroifniutc, C*lVllriP ]>repured by passing a rripld current of 

liytirochlorie acid gas into a concentrated alisdiolic solution of tho acid heatcsl nearly 
to boiling, then sepamtod by wabT and puriflod in tho usual way, is a colourless 
anjmatic liquid boiling at 192®- 193® (Cahours). 

Pi bra macro ionic a dd,0*ll*liv^O’^{Cn.h<>uTti, loc.cii.). — When the Rci<l 
pr<slucod by tho action of bromine on inonobr»>mocrotonic acid, is dissolvisl in an 
alkali and heated, it gives up a molecule of hydrr^en liromido, and is converted into ^ 
dibrtimocrotonic acid. The liquid satursilod with hydnjchloric acid nixl left to cool 
dep.Kiis the dibromocrotonic acid as a crystalline precipitate, which may l>o purified 
by w^ofhing with water and solution in alwjhol. By ovap»^>TntiDg tho alcoholic solution 
the acid is obtained in long silky noe<lles resembling caffeine. It dissolves readily 
io ether, and separates in fine crj’stals by spontaneous evaiwiration, melts at a getitis 
heat, and distils at a higher temperature without perceptible alteration, 

The metallic dibromocrotonatos arc mostly crystal li sable, and loss^ i i 
iKiiling water than the monobromocrotonates. The elkyUc ether is 
action of hydrochloric acid gas on a nearly lioiling alwholic solution of the acid, 

Trihromocrotonic acid, OIPBrK)*.— When dibromocrotonic acid is heated 
to 120®~125® in sealed tulj^ with 2 at. bromine, an acid, C‘H^Br'0*, isoineM with 
tetmhrirtnobutyric acid, is formed, which when boilo<l 'with alkali^ gives np HBr, aiMl 

converted into tribromocrotonic acid. This acid, topamtod ftoi# thi 
solution by hydrochloric acid, dissolves rcry easily in aleonol and ether, spatii^tf »® 
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water, more freely in boiling water, and separates on cooling in slender tilW 
newlles very much like those of the dibrominatcd acid (Cahomti). ^ 

Clilorocrotonic Add. C^TI^CIO* (O. F^ohlich, ZHtsckr. f. C/iem. [2] v. 270).— 
When othyl-diacetic acid, C*11'®0’ (Wanklyn’s liydrogen-triacetyl, p. 16), is treatMt 
with phosphorus pontachloride, and the product i^ p.>urod into water, two crystal- 
lisablo chlorinated acids are obtained hiving the c<>mi:)osItion C^1I*C10-, U)gether 
with an oil which appears to consist of the coSrrcsp mding cthylic ethers. One of 
these acids melts at 94*^, and boils at 20C°-2ll*, is very soluble in water, disUlg 
slowly with aqueous vapour, and is converted by treating its sodium salt with sixlium- 
amalgam into a-crotonic acid. The other acid (to which the following description 
applies) melts at 69-6°, is but slightly soluble in water, and j)asscs over very easily 
with aqueous vapour, and is converted by s^xlium-amalgara into liquid crotonic Jicid. 

Clilorocrotonic acid, purified by repeated distillation from adhering colourint? 
matter, forms white, very light needle-sliaped crystals ; from a concent rateil aqui!i*nh 
solution it separates in colourless transparent four-sided prisms with oblique end-faeofi. 
Jt melts at to a colourless liquiil, which solidifies again in tlu» crystalline form 

at Heated above its molting point it partly sublimes, and begins to boil at 

194*8‘* (corr.) ; the liquid distillate solidifies very quickly to a white dense crj’stillino 
mass. It has a faint somewhat pungent iMlour and acid taste, SVhen kept in clnsu 
vessels it sublimes even at ordinary temperatures ; 1 pi-, of it diHsolvcs in 79 pts. 
water at 7°; in alcohol and ether it dissolves very easily. It is a rather strong 
acid, quickly decomposing carbonates. 

Potassium Chlorocrotonate, C^Il'ClO ’K + lf*0, prepared by nent raii.sing the acid with 
potassium carbonate and gradual evaporation over sulphuric acid, forms small 
colourless plates and noodles apparent ly belonging to the rlioinlac system; they aro 
very soluble, become moist in the air, but efiloresco over oil of vitriol. The sodium 
salt 2CHI‘ClO'^Na + IHO, prepared in like niunner, forms satiny crystals, often in 
leathery groups, also very soluble in water ami in jileohol, and efflorescing ovtr 
sulphuric acid. An acid ammonium salt. O'll '(dO-(NIH) . CHl 'ClO* + 11*0, griulmilly 
separates in crystalline crusts irom a solution of the acid in excess of ammonia leit. 
over sulphuric acid. The thallium sall^ prepared by heating the acid witlt thallinm 
carbonate and water, separates on c<X)!ing as ti crysbilline powder, an<i the solution on 
further evaporation dep<3sils elongated monocUnic tables containing C'lI‘ClO‘‘Tl + H'O. 
The silver salt C^IHCIO-Ag is a white crystalline precipitate, nearly insoluble in cold 
water, and separating from a h<it-a‘ituratod aquetjus .solution in feathery group-s of 
laminee having a satiny lu.slro and (piickly blackening wlien exposes! to light. 

The barium salt . H-t), obtained by neutralisation, crystalH.ses in 

shining, mostly icur-.sided prisms with oblique eml-faees, sometimes flattened into 
tables ; it is easily soluble in water. The calvium salt (CHI‘ClO*/‘'L'a + 3H^O forms 
hollow prisms, very soluble in water, efflorescing over sulphuric acid. The magnesium 
salt (CHI'CK)')2Mg + 5U-0 forms thin tr^viisparent monoclinic tables, efflorescent and 
very soluble in waiter. The inan^amse salt ((.'*H*C10 )*Mn + 211^0 forms very soluble 
colourless rhombic crystals, mostly thick taldos, which slowly' effloresce over sulphuric 
acid. The cobalt salt (C*lP('l()-)-(’o + (»ll*() forms very soluble rhombic tables 
having a pcacli- blossom colour and strong lustre, and quickly efflorescing over 
sulphuric acid. The nickel salt ((VH •( MO*)-Si -f GH*0 forms 1 ight green crystals of 
mmilar fiwm aiyl properties. The zinc-salt 2((v‘HU:i()'*)Vai + Alin) forms coloiudi^s 
shining rhombic tables, very .s»)lul»lo, ami no! efn<jre.seiiig «'veii over sulphuric acid, 
n he cupric salt (C'IHC10')‘Cu, pr'Klnc«‘d by boiling the erysfallisetl acnl with water 
separates from the hot filtered 8oluti«>n by slow evaporation in 
bituj rhombic prisms, or in iliii*k-greeii qiuulmtic combinations of prism and pyramid, 
the former crystallising out at comp:iratively b>w, the latter at higher temperatures. 
The green crystals contain 2 (C*H‘CIO*^H:?u + 3H'"0 ; the blue crystals appear to 
contain more water, and‘ turn green in tlie air-bath at 80®. The Lad salt 
(C^H^C10*)*Pb + 4H*0 foima concentric groups of silky needles, rather sparingly 
soluble in water, and efflorptcing gradually <»ver sulphuric acid. 

Etkffl Ch^ocrotonatc.^ 0*H*ClO*.C*H^ is prepared by digesting the crystallised acid 
with twice its volume of absolute alcohol saturated with hydrochloric acid in a well- 
closed ve^l at a gentle heat, for several days and with frequent agitation. When 
purified in the usual way, it is a colourless oily liquid, having a pleasant aromatic 
odour and cooling taste. Boils at 161*4® (corr.), and has a sp. gr. of 1*113 at 15®. 
Dis^lves slightly in water, easily in alcohol and ether. Decomposed by heating with 
sodium carbonate. The methylic ether C’U'CIO^.CII*, prepared in like manner^ is a 
colourless oily liquid, having a pungent othercal odour and strongly cooling taste. 
Boils^ at 142*4® (corr.). Sp. gr, 1*143 at 15® orJ.,Ki«. ;« thm'^ 

etliylic etluw; nearly insoluble in water. 
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are eWedin bnuieU : 


_ H *0 - 

CH‘(H) 

ioH 

Acetic aldehyde 
(2 moll)* 

2. By beatingWic aldehyde with ethyliaonochlor^^ eeele.1 tube. (Paterno a. 

Amato) : CIl* 


CHHH) 

tio " 


COH 


CH(Cl*) 


- 2UCI 


cu 




coil 




,, (KckuU) In C<H'C:P, 

>»'■ , XKr ns i';%tV :;3 


(n. !)yyj. jyiiv.nj..av>..a- r . I iKnlinir at 126". Thin clilorida troaUxl 

having an ethereal ^our, a ®P’ a liquid ligliU»r lhan water, ami having 
with alcoholic pitash is c.myerted into C. 11 U a luiu g 

’ 

volatilif^ing with vapour \,;,ntltv of aldflivdo is now pnwlucixl in Berlin 

JYirh^ororrotonu' Aldrhf/de. ^ \ ^ pj^j^rcuul,* tlio alcohol hemg oxnlmed, 

in the purifiaition of alcxihol by _ comlensiHl in llm charcoal. Now when 

p.irtly by contact with the lhu8^pi'o<luceii is troaUd with chlorine, for tho 

tlu, mixture of aldehyde ami alcoh^ 1 _ ^ tm»e--thm 

manufaeturo of chloral-hydmdih m ^ acetic aldehyde, converting it 

hvtlrtx'hloric acid acU as a dehydrating agei^u^ *i„c cliloriile in tho process above 

into crotonic aldehyde, in the same it fornuHl. is converted by the 

mentioned ; and lastly this croi^onic ‘ ’ r;«u»(jl*0 (Communication mads hy J)r» 

fn.e chlorine into trichlorocrotonic aldehjde C H u ^ 

Hofmann to the Chemical Socuty, April 21, 187 ). 
csxrosnr. Sdo Blood (p. 362). t^..ther with lepidomelane, 

CXTOvmAZrS. A Maumc^mM-tW. It 

danulitf, and ft zircon-like mineral, m I''® ' evetem ofun two inchee long, having 

f.irme ,ix-eided pri.m. belonging to of to 60®. _Col..^ 

pnrlccl bnanl cleavage and two optic n* nrinciiml axis, brownish-rod in the dir«:ti.4ii 
dark emerald-green in the ^ areenlsh. Lustre on the cleavege-faces. 

of the eecondary axes, ?P09. Analysis gave : 

reel nous. Hardness •• 2to2o. op. gr. irsn Li*0 

8iO» SiF* AIK)* Mn»0* F^O* FeO ^ ^08 -»»•»* 

61-49 8-42 16-77 0 34 1 97 7 »» "'V . 

with traces of soda and rubidia. 

8 (M»;ir)O.B* 0 *.aftO , 2M*0.Si0* 

which is included in the 

(J. P. Cooke, jnn., SiU. Am. J. [2] ah>^«7)- /xhudichnm, «*«». f 

[2] viii. 132).-An acid exishnf m tiam the gypwm 

trmOed with excess of milk of Ums : from ths sslt-cslts. “ t»st*i ^ 

and.vapomt.dtoa.ymp: and th|., ^ ^ flol^*** ^ 

■Uong sWl, which mimrste. »lc.m» 
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impure calcium salt is dissolved in water and- mixed with solution of neutral l«ad 
acetate, whereby a dark-coloured precipitate is formed, from which the mother-lio^ 
is to be filtered. The filtrate containing lea^ crypto^^nate is treated with 
alcohol, whereby the lead salt is thrown down^ in white flakes, from which the acid 
may be liberated by hydrogen sulphide. 

Cryptophanic acid is an amorphous gummy ma^, ^t^^nsparent and nearly colourlesa 
soluble in water in all proportions, less soluble in alcohol, which indeed produces a 
precipitate in the aqueous solution ; ether added to the alcoholic mixture produces a 
fresh precipitate. It has a freely acid taste, decomposes alkaline ahd earthy carbon- 
ates, forming aqueous solutions of the corresponding cryptophanates. Its solution 
forms with load acetate a copious thick white precipitate soluble in excess of 
load acetate ; with mercuric acetate a similar precipitate; with silver nitrate a Tory 
slight precipitate. The free acid is not precipitated by mercuric chloride or by cupric 
acetate. An ammoniacal solution of silver nitrate mixed with ammonium cryptophanate 
imniodiatoly becomes very dark, and on standing almost black (red when dilutwl), 
dcjK)sifcing mcUillic silver as a black powder. Silver nitrate and excess of nitric acid, 
added to a solution of cryptophanic acid containing urea, produces after some time a 
specular deposit of metfillic silver. 

The cryptophanates of the alkali-metals are very soluble in water; the sodium salt 
is not precipitated from its aqueous solution by alcohol. The cryptophanates of the 
earth-metals are precipitated by excess of alcohol. Boiled with a great excess of 
alkaline cupric solution, they reduce the cupric to cuprous oxide, which reniitins in 
solut ion, but is deposited if the solution is concentrated and kept from access of air. 
The alkaline solution -exhibits a blue fluorescence. With mercuric nitrate, the solutions 
of the earthy cryptophanates give a bulky white precipitate : hence the ordinary esti- 
mation of urea in urine by this rojigent requires a correction for cryptophanic acid, 
which may amount to 5 to 10 per cent. 

The Composition of many of the met4iUic cryptophanates may bo represented by the 
formula C^irNO^M", the acid being regarded as bibasic. But there are 

also cryptophanates containing or (C*®n> and others contain- 
ing : thus there is a calcium salt containing and 

another contiiinirig On the whole, perhaps the constitution of these 

salts is best ropresontod by regarding cryptophanic acid as a quadribasic acid, con- 
taining in the free state . 11*0 ; but they require further examination. 

CltYPTOPZTra. C«H«NO*(T. and H. Srnitli, Pharm. J. Trans, [2] viii. 69r>, 7W- 
-~A base existing in very small quantity in opium, being foun<l in the alcoholic wnsh- 
liquors of crude morphine. To separate it, the alcoholic liquid is nearly ncutralise<l 
■w'ilh dilute sulphuric acid ; the alcohol is ovaporate<i ; and the residue, dissolved in 
hot water, is precipitated with excess of milk of lime. The precipitate, containing the 
cryptopine, together w'ith many other substances, is exhaustwl with hot alcohol ; the 
alcohol is distilled off ; and the pitchy substance (chiefly containing thebaine) which 
separates from the waitory residue, is rejieateflly boiled with alcohol. The resulting 
solution, after standing for some days, solidifies to a soft crystalline mass of thebaine. 
This is pressed, dissolved in the smallest possible quantity of very dilute hydrochloric 
acid (so that the liquid does not become acid), and repeatetlly evaporated to the 
crystallising point, whereupon hydrochloride of thebaine crystallises out first, and 
the last mother-liquors, after standing for a considerable time, yield hydrochloride 
of cryptopine (or a mixture of the hydrochlorides of thebaine and cryptopine). 
JFor the complete separation of the two bases, the last crystallisation is once more 
crystallised from the smallest possible quantity of hot water, and the soft cauU- 
flower-like mass which separates is dried and boile<l with 6 pts. of alcohol. The 
alcoholic solution then yields, first, several hard crystallisations of thebaine hydro- 
chloride, and finally from the last mother-liquor, soft crystalline masses of cryptopine 
hydrochloride, to be decolorised with animal charcoal. Five tons of opium yielded 
only 5 oz. of this salt. 

Cryptopine separated from the hydrochloride by ammonia crystallises from boiling 
alcohol in micro8Ct)pic six-sided prisms or tables. It melts at 176® ; solidifies again 
at 171®; is nearly insoluble in water, ether, turpentine-oil, and benzol, si igbtly soluble' 
in alcohol (1 pt, in 1265), more soluble in chloroform. It forms neutral and acid 
salts, which have a bitter taste, with cooling after-taste. The neutral hydrocKlotide 
C**H^NO*.HC3 -I- 6H*0 is distin^ished by its inclination to separate under 
certain circumstances in the gelarinoua form. The acid hydrochloride contains 
C«H»NO». 2nCl 6H*0; the platinochloride, 2(C=*H«KO» . :fiCl)PtCl*. 

With strong sul^^uric acid cry|>top:ne produces a blue colour, changing to 
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Yellow on additi^ pf teltpetre ; if thobaiBe is present, the blue has a tinge of violet • 
the somewhat fainter blue produced in like manner by papaverine is changed to green 
by addition of saltpetre. From pseudomorphine, which is coloured brown by sulphuric 
acid and blue by ferric chloride, cr3rptopine is distinguished by its solubility in tiutish 
and by not being coloured by ferric chloride, ’ 

CVMSra. C*"!!** *= — See Bknzknb, IIomoi.oottks ok (p. 295). 

cmMSim 8irxiVsnr»RA.Ta or cumtc nciiKOJLPTAxr, C’li'^s « 
C*ll**su, is foraied by the action of zinc and suli>hurio acid on cninene-sulpliuric 
chloride (obtained by triturating tlie sodium-salt of eunu-ne-sulphuric acitf with 
phosphorus penUichlorido, and mixing the pn>*luct with water). It crystnlUsos 
in inotlorous nacreous luminee melting at (Beilstein a. Kiiglor, Jahre,sb. 1865, 

p. 6o9). 

ciTMcic or emenrze aczx>, = C‘'ii'‘.cooii = c«ii<(c*ir) COOH 

(ii. 178). 

Bromoctimic acidy is formed, together with cumie acid, l)y exinmlng fluely 

pulverised silver cumato to the action of bromine vajxmr. When tlie* jv>r!ii>n of the 
protluct which is soluble in ether is treated ten times with boiling water, the cumio 
acid dissolves, w’hile the much more abundant insoluble ])ortion consists, after 
rrcrystallisation from ether, of pure bromocumic acid. Tliis aeul is mostly cryst-alline, 
melts at 14G°, is nearly insoluble in boiling, and quite insoluble in cold water, slightly 
soluble in cold alcohol, easily soluble in ether. Its silver salt is insoluble in water, 
and is not decomposed by water even at lo0° (Nmpiot a. Lougninine, Compt, rend, 
Ixii. 1031). 

CITMZOor CVK]:irZC8,X.l>llBTl>S, =, Oir'.OHO = C*I1«(CM1’).C1I0. 

— Oorhardt found that this comp<mn(i heated with jK>tas8ium gives off hydnigen and 
forms curaybpotjissiura, as represented by the e«jnation 2C“’JI'H) -f K' r* 2tb‘'JI*'KO 
+ IP. According U) Church (Pbi/. Mug. [4] xxv. 622), the reaction is less simple, and 
tlie quantity of hydrogen evolve<l is smaller than the prer^‘<ling equation retjuires. 
When a mixture of cumic aldehyde and benzene (or other Jiydr*)Cjir}>on from coal- 
naphtha) is heated with sodium-amalgam, the 8fHliinn-eom|>oiindH of evmyl alcohol and 
cumyl are pnxluced in equivalent quantities, and on treating the product with water, 
these sodium compounds are decomj>ostHl, yielding cyinyl alcohol and cuinic aldehyde ; 

C*nr'>NaO + IVO - anvo + XaUO. 

Sodium Cymyl 

Cymylttte. alcohol. 

C'®II"NaO + IPO « -f NallO. 

ScKiiura Cumlc 

cumyl. aldehyde. 

At the same time there is formotl a viscid oily Ixsly, boiling above 300'*, having the 
composition of dicumyl, (G*'’H'’0)*. This latter is more easily formcMl, together with 
<*)'hiyl cumate, by treating the product of the reaction of sodium on cumic aldehyde 
witli cumyl chloride. If benzoyl chloride be used instead of cumyl chloride, tho 
pnxlucts are cymyl benzoate and cumyl-bonzoy 1 : 

C'*H'«NaO + C'*H>'NaO + 20'1I‘OC1 - c'hIo|<> + ^C’H‘o| + 2NttCl. 

Sodium Elodium Benzoyl Cymyl Cumyl 

cymylate. cumyl. chloride. benzoate. benzoyb 

According to Claus {Jahreab. 1866, p. 354), cumic aldehyde treated in ethereal solu- 
tion with i^ium-amalgam, yields, b^gether with sodium cumate, a neutral lx»dy, 
C*H*0, which crystallises in needles, and is coloured! violet-blue or cherry-red' by 
strong ^Iphuric acid. ' 

Cumic aldehyde, or Boman cumin-oil, oxidised with chromic acid is converted into 
terephthalic acid (De la Rue a. Muller, Jahreab. 1861, p. 426). According to Buli- 
yinskpr a. Erlenmeyer {ibid. 1866, p. 371), the products are cumio acid and a solid 
aeid intermediate in composition between terephthalic acid, C*H*0*, and insolinic 
»cid, 

cvamzws, C*H**N, or AmuloeumenSy C»H**(n»N) «• . C»H».-;-Tliis 

"Wo, formed by the action of atnmoninm sulphide on nitrocumene, is dasaribed in the 
I>ictionary, voL ii. p. 174, under the name of Cumenylamincy and regard^ as homo- 
kigous with beim lamine, which latter, at the time when that artiel# wi i wri tten^ was 
•opposed to be identical with toluidine. Sabseqnent researches have, however, wown 
that the hydrocarbons homologcms with hettMme give rise to two a«ries of isomsHe 
K«ws, the one series, Ti£ tol^ne and its homokiiies, being gnmed by ledacthm of 

ax 2 
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nitrotoluene, &c., and having the amidogen -group situated in .the principal chaio 
the other series, viz. benzylamino and its honiologues, being formed, like the bases of 
the ethyl series, by the action ef ammonia on the corresponding alcoholic chlorides 
and having the amidogen in one of the lateral chains. (See Aromatic Series, p. 203 .) 
Cumidine then is homologous, not with benzylamine, but with toluidine ; the true 
cumenylamine, C®H® . has not yet been discovered. 

Cumidine is formed by distilling amidocumic acid (ii. 179) with anhydrous baryta, 
or solid potassium hydrate (Cahours, Jahresb. 1868, p. 324) : 

+ BaO =. CO»Ba + C®H'*N. 

It may be conveniently prepared by reducing nitrocumone with tin and hydrochloric 
acid. The hot somewhat dilute filtrate yields shining laminse of cumidine stannoso- 
chloride, C®H‘*N.HCl.SaCl*, from which, by precipitating the tin with hydrc^cn 
irulphide, cumidine hydrochloride, C*H‘*N.IIC1, is obtained in long prismatic crystals ; 
and this salt decomposed by ammonia, yields cumidine as a white flocculent precipitate' 
which crystiillises from hot water or from alcohol in long silky needles melting at 62^ 
(L. Schaper, Zeitschr. f. Chem, [2] iii. 12). 


GI7MOTrZXltZX.AMnarE, C'«II‘2N^ or AmidocumoniiriU, C’®II««(NH2)N 
(Czumpclik, Zeitschr. f. Chem. [2] v. 437). — Cumonitrile, added by drops 

to a cooled mixture of strong nitric and sulphuric acids, is converted into crystalline 
nifcrocumonitrile, C“*II‘®(NO'^)N ; and this compound subjected in alcoholic solution to 
the action of nascent hydrogen (from zinc and hydrochloric acid) is converted into 
cumonitrilamine. When the reaction is complete {i,e. when a sample mixed with 
water no longer becomes turbid) the liquid filtered from the zinc is mixed with 
sufficient caustic soda to rodissolvo the separated zinc-hydrate ; the alcoholic layer 
which contains the base is decanted ; the alcohol distilled off ; the remaining liquid 
mixed with water and agitated with other to dissolve out the base ; and the ethereal 
solution separated front the watery layer is freed from ether over the water-bath. On 
distilling the remaining liquid over an open fire, the base passes over at about 305° as 
an oily aromatic liquid. 

Cumonitrilamine is sparingly soluble in water, and crystallises therefrom in large 
needles; in alcohol and ether on the other hand it dissolves readily, and is not so 
easily obtained from those solutions in good crystals. It melts at about 45°, and 
boils at about 305°. With acids it forms well-crystallised salts. Tlie hydrochloride 
crysUillises in colourless six-sided tables; the 2(C’®II‘-N*. HCl) .PtCl\ 

also crystallises well. The sulphate and nitrate crysbilliso in needles. 

In tlie preparation of cumonitrilamine from nitrocumonitrile an intermediate 
compound is also produced, 

CXrXMlOTZiZC iLCZX>. Syn. with Hydeocinnamic Acid. See Cinnamic Acid 
(p, 468). 


OUlMnrZiuaiBCZn'S. ; better called Cymylaminb (j.v.). 

dTiaTZi-SBJrZOTZi. C‘®H’'0.C"H»0 (p. 505). 


ClTMnrXiElirE-BZAMZVS, C»H'W « (C®H'®)"H®N», produced by distilling 
dinitrocumene with acetic acid and iron, is a splendidly crystalline base melting at 
47° (Hofmann, Compt. rend. Iv. 781). 

CtrP&EZxr. This name is given by Breithaupt to a hexagonal form of cuprous 
sulphide, Cu^S, which, according to his ol)servations. occurs in nature more frequently 
than the rhombic form, copper-glance (ii. 74). It forms hexagonal prisms, ooP, of 
120®, combineil with 2P, P, and oP ; also twin -crystals. Angle 2P : oP «= 117° 53*. 
Cleavage basal. Fracture uneven to conchoidal. Sp. gr. « 6*60 to 5*586. Hard- 
ness 3^. Colour blackish-grey, but lighter than that of copper-glance {Jahresb. 1863, 
p. 794). 


OVFBOBAOBTn-COMaPOVWBS. See Acrttlbns (p. 35). 


Acconling to W. Preyer {Bull. Soc. Ckim. [2] iv. 238), this base 
has the composition C’*H'*N, It is very hygroscopic ; baa a very bitter taste ; crystal- 
lises in colourless four-sided prisms ; dissolves freely in water and alcohol, less easily 
in chloroform and amyl alcohol ; and is insoluble in anhydrous ether, benzol, turpentine, 
and carbon bisidphide. It blues litmus very slightly, acquires a splendid and perma- 
nent blue colour in contact with sulphuric add, purple-red with nitric acid, and violet 
with potassium diefazomate and sulphuric acid (like that of strychnine, bnt more 
p^manent). lu hydrochloride, nitrate, sulphate, and aceytate are erystallisable, 
HragendorfiT (ZsUsekr.f. Chem, [2] iii. 28) also finds that corarine is quite distinet 
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from itiychnine, aad that a very active curara occurs in eonimerce, in which neither 
strj'chnine nor brncin© can b© detected. On the phy^iok»picivl action of curarine and 
curara, see Cl. Bernard, Compt. rend. lx. 1327; Bert, Chem. Cmtr. 1860, p. 229; 
Schnetailer, JV. Arch. ph. nat. xxiv. 318 ; Jahre^b. 1865, p. 456. 

CUHOiniKMir. The resinous colouring matter of (uineric-root (ii. 186). Rese ct- 
ing the changes of colour which it exhibits with boric acid, see Schlumbcrger {liuU, 
Chim. [2] v. 194; Jahresh. 1866, p. 652). Boileni in ftlci»ljolic solution with 
boric acid, it forma a compound which sepa.niteB from the cooled solution, on addition 
of water, as a cinnabar-red preelpitiite, and is decompi»8od by boiling with water, boric 
acid dissolving and a yellow rosin separating. This resin, callotl 2m udocureuinint is 
distinguished from curcumin by not being rt*ddoncKl by boric uciti, and by assuming a 
greenish-grey colour in conbict with alkalis. It separates from its solutions On 
t'va^Kiration in vitreous dark yellow lamina‘, insoluble in water, soluble in ether and 
in benzol, very soluble in alcohol. When the orange-yellow^ solution of the boric acid 
Compound is boiled with a mineral acid, it turns l>l(n>d-re<b and ilej>os its on cooling 
a granular nearly black substance called rostKyanin, wliii h, when jairitied by crysUilli- 
s ition frtjm a mixture of hot aleohol and acetic acid, and washing with ether, forms ft 
mass of interlaced needles with beautiful grwn roilex. The alcoholic solution of 
ros(ii-Yanin has a rwi colour, and when boiled bci’onu's first blood-rwl ami then 
Yellow, in which state it conUius pseudocurcumin. The red alculudic solutit)n 
with a drop of Sfxia or ammonia, aexjuires a pure blue colour, changing on saturation 
with an acid to the orginal rose-red tint (Schluniberger). 


CYAlkKi:XiX2>B, 7iCNHO, is produccnl, together with cyanic acid, when a mixture 
of urea and phosphoric anhydride in equivalent proiv)rtionH is distilled at 4t>^, in a 
flask provided with a series of condensing tubes, a c(*nsiderahle <|imutity f)f cy.anio 
acid condensing in the first, and cyamelide chiefly in the swond (Weluien, Anu. ('h. 
J'luirnt. evii. 219). A solution of cyamelide in strung sulplturic acid deposils the 
unaltered substance, oti dilution witir water, as an amorphous pn^-ipitale ; but if the 
solution be hcaU-d till decomposition begins (attended W'itli evolution of carbon ilioxido), 
water no longer forms a precipitate, but the dilute solution yiehls after some time 
cr\stals of anhydrous cyauuric acid (Wcdtxicn, ibid, cxxxii. 222). 


CTAJrA.CSTXC ACXXk See Acktic Acid (p. 19). 

CYiLBAJMEZOB. CH’N* =» CN(NI10 Geuther (/<««. Ch. Jitarm, 

cviii. 88) obUinod this compound by heating 80 <lamide in a stream of airboii dioxido : 

2 NIPNa + CO* « CN(NU*) 2.VaHO. 


Cyanamide unites directly with ^/ycocine, glyor)cyamino. 

C*irN*0*, and with methyl-giycocine or earcosific, pnxlucjrig croiitmo, 

C*11»N»0* (p. 601), ‘ . . . 1 

Cvanamide unites with ahhhych, with cliniination of water, forming the cxmi^amd 
C*}l'«N«0 *= 3CH*N* 3C*H O — 2H*0. This c^imiKuind dissolves in aladiol, ana 
is precipitated therefrom by other, chloroform, benzol, aniline, and carbon bisulphide. 
It is <lecomposoa by heat, giving off an oily Ixxly having the odour of an organic base. 
A similar compound is formed with valeral (Knop, Ann. Ch. 1 harm. exxx. 'Zoo). 

C«H«N* - = (CN)’(Nie)> (ii. 1 89).-Strecker 

(Kurzet Lchrbuch d. organitchm Chemie) rcpresciitu this compomttl by the structural 
formula 


HN-C 



C^NH 


This formula suggeeU the ipoMibility of replacing one or s>th 

NH. which are^nected w^only one carbon-atom (and may therefow ^ 

>>o more loosely attached than the other two) by oxygen, which would give tne 
ojmpounds 




The second of these 


u dicyankj acid, CT!l*H*0«, which PtoeMgan obtainad Aot 
T amo Acn>>: th*#r*t i* dieyanamic acid, a eonpontid 
b2ween dl«»nic •«<1 di<!yonodiamid», jtirt M 


ryanocarbamide (see Durraiac , . 

holding an intermadiftte position between 
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Bmmelide and aameliDe are intermediate betwem (yarnuie acid aod (gwnimuaa, « 
melamine: - 


Cjstnuric acid. 


d’snN 

H‘l0^ 

Ammelide. 


Dicyanio 

acid. 


H-Jo 

Dicyanamic 

acid. 


m(o 

Ammeline. 
C2N*J 


Melamine. 


N* 


wl 

Dicyano* 

diamide. 


Dicyanamic acid is produced by boiling dicyanodiamide with barj^-water as long 
as ammonia is thereby evolved. On removing the excess of barj^ with carbonic acid, 
a solution of barium dicyanamato is obtained, which, when slightly acidulated with 
nitric acid and mixed with silver nitrate, yields the silver salt C^H‘^N*OAg as a white 
curdy precipitate, soluble in ammonia, and ci^stallising therefrom by slow evaporation 
in thin colourless laminae, mostly g^uped in tufts. The copper salt is obtained by 
decomposing the silver salt with a moderately warm solution of cupric chloride, and 
separates on cooling in sk’y-bluo shining crystals containing (C*H*N*0)*Cu + 811*0, 
which give off 6 mol. water at 90°, assuming a dark green colour ; at a higher tem- 
perature the salt blackens and decomposes. It dissolves sparingly in cold, more easily 
m warm water ; the aqueous solution when heated to boiling deposits a dark green 
insoluble powder. 

By passing hydrogen sulphide through water in which the cupric salt is suspended, 
and evaporating the filtrate, the hydrogen salt or free acid C*II*N*0 is obtained in 
groups of small white needles. 

Dicyanamic acid contains the elements of cyanamido, CN^H®, and cyanic acid, 
ONHO, and its potassium salt may ho produced by heating cyanamide with potassium 
cyanato in a test-tube, or by leaving cyjinamide for twenty-four hours in contact with 
aqueous solution of potassium cyanato. Part of the cyanamido then dissolves, and on 
heating the liquid with nitric acid to decompose the remainfng cyanic acid, a solutionis 
obbiinod which yields the salts above described with silver nitrate and cupric 
chloride (F. Hallwachs, Zntsekr. /. Chem. [2] iv. 616). 


CTikirAM»OBllSrZOZC BCZB. See BtiNeoic Acid (p. 318). 


CZTA.nrZC ACZS. CNIIO or Ne=C — OH or | 0. — The physiciil properties 

of this acid have lately been investigated by Trof)st a. Hautefeuille (Zeitschr,/. Cfiem. 
[2] V. 149, 188, 497, 629). 1. The vapour-density was found in two dute minations 

to be 1*61 and 1*60, the calculated number being 1*488. To prevent condensation 
of the cyanic acid vapour to cyamelide, the vapour evolved by heating dry cyanuric 
acid or pure cyamelide to 440°, was passed into a globe previously exhausted of air 
and heated to the temperature at whicn it was to be afterwards scaled, 

2. The absolute coefficient of expansion of the liquid acid was found to be 
« 0*000300 from -20° to -14°; 0*0006999 from -20° to 0°; and =0 0008450 
from — 3° to 0°. It increases therefore very rapidly as the temperature rises. 

3. The sp. gr. of the liquid acid is 1*1668 at — 20°, whence, by means of the expansion 
coefficient above given, the sp. gr. at 0° is found to be 1*140. 

4. The tension of the vapour of cyanic acid evolved from cyanuric acid or cyamelide 
increases with the tempenituro, and the transformation ceases as soon as the cyanic 
acid vapour exerts upon the solid isomeric compound from which it is formed, a 
pressure which is determinate fur ofich temperature, viz.. 


A^Temp. 
^ 160 ° 
. 170 
" 180 


Tcn»lon 
66 mm. 
68 
94 


Temp. Tengion 

196° 125 mm. 

216 167 

227 180 


Temp. Teosioo 

251° 286 mm. 

330 740 

360 1,200 


6. Tlio transformation of I gram of cyanic acid into cyamelide is accompanied by the 
evolution of 410 units of heat ; on the other hand, 1 gram of cyamelide, in passing into 
cyanuric acid, absorbs 76 units of heat : hence cyanuric acid in changing into cyame- 
lide must ^ive offbeat This allotrf>pic transformation, contrary to what is genezsally 
observed, is accompanied by a decrease of density at a temperature near 20° : for the 
density of cyanuric acid is 2*768 at 0° ; 2*600 at 19° ; 2*228 at 24° ; 1*726 at 48°f 
whereas that of cyamelide is 1*974 at 0° and 1*774 at 24°. 

6. Heat of ComlmsHon of Cyanic Acid and ife Potymerides . — Cyanuric acid is com- 
pletely oxidised by a moderately concentrated solution of hypoehlorous acid, yielding 
water, carbon dioxide, and nitrogen ; cyanic acid in like manner yields carbon dtoxidn 
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and nitrogen chloride, whereas <^inelide is only imperfectly" oxidised eren by 
concentrated hypochlorous acid. Cyanuric acid thus burnt gives out 1 ,940 heat units 
for 1 gram, therefore 260,260 units for 1 equivalent of the acid. The heat of combus- 
tion of cyanic acid is obtained by adding to this number, 1,940, the quantity of heat 
'ven off by 1 gram of cyanic acid in passing into cyanuric acid, viz. 334 units; hence 
the heat of combustion of cyanic acid is 2,274 units for 1 gram or 97 J80 units for 1 eq, 
direct oxidation of cyanic acid by hyptx‘hlor<.us acid to water, carlnin dioxide, and 
nitrogen chloride, gave 2,320 heat units for I gram of the acid ; and its dwomivisitiou 
bv sulphuric acid into ammonia' and carbonic acid gives 2,200 : mean of all the deter- 
minations, 2,290 heat units for I gram of eyaiiic aeid. Hence, with the aid of the 
determinations above given of the heat absorbed and evolvtHl in the moltH'ulnr 
transformations of these bodies, it is found Uiat the heat of combustion of cyamelide 
is 1,880 heat units for 1 gram, and that of cyanuric acid 1,966, which last numbei 
differs but little from that directly detcrniiiieil, viz. 1,940. 


CTAirZO STBSU. Of those ethers there arc two series. Those of the first 
fiories, discovered by Wurtz in 1848, aro resolved by water, assistwl by acids or basest 
into airbon dioxide and an alcoholic ammonia ; Urns : 

+ H=0 - CO» + N|j|i 


where R’ denotes an alcohol-radicle such as methyl or ethyl. These Viodics in fact 


react liko alcoholic dorivativos of carbimide, N 


^(xr 

ill 


and may tliorcforo bo dosig- 


iiivtcd as alcoholic carbimides, psoudocyanatc.s, or i soc y anatos (they 
Mere originally called alcoholic cyanates). They are pro^lnced liy distilling a mixture 
of the potassium salts of cyanic acid and methylsulpluirio, etbylsulpliuric nci<l, &c. 

The second series, discovered by Cloez, consists ot ctherH wlucli are decomj)osed by 
hydration into cyanic or cyanuric acid and an alcohol ; tlius : 


Cyanic ether. 

- 0|H 

Water, 

Cyanic acid. 

ojiT 

iiloohot. 

or rather perhaps, 




^joR 

- oj» 

+ 

0)5 

Tlicso therefore, though originally called by their discoverer 
alcoholic cyanates or cyanic ethers. They are formed by Uie action < 
chloride on the sodium -alcohols : 

are the true 
uf cyanogen 

^Jci 

+ NaOR 

« NaCl + 



The difference of structure between the two classes of others may 1>« further illustrated 
ly the following formulae : 

N~C— O— Cn» 0:zrC~N— CIl* 


The alcoholic carbimidea are fully deecrihed in vol. ii. pp. 195-1B7 a» CrA»w 
Kthkrs. 

Of the true alcoholic cyanates, the othyl-cora|:^und was discovered by 
1857 and deecribed under the name Cyantthdint (li. 189); but lU prop^iM. 
with those of the methylic ether, have since been more completely investigatea 
Tkttf* de la FaeulU d 99 8eimee$ de Parts, aofit 1866). 


SKatbrl «7maM0, C»H'lIO - '• pn>I»«>d 

rmall portiona in pure methyl-alcohol mixed with o^t twice it* weig ht o f 
ether ^at. widinih to 6 mol. methyl-alcohol), and etowly paming 
cyanogen chloride (rather more than the theoretical qiMUty) 
retort containing the mixtora. The liquid inme^toly bewmee hot , 

>» precipitotodTgnd on diaUMing the Mto^ hq^. in?^ 

oil whict may he pnrHled by ri^eatod wadting with water, and dehydrated m a dry 
Taatum. 
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Methyl cyan&te is a isblo^less op slightly yellow liquid haring a sp. gr. of M 74 ^ 
16^; decomposed by heat into a volatile portion and a solid PMidue; converted by 
aqueous potash or ammonia into methyl-alcohol and cyanuric acid ; with dry hydro- 
chloric acid gas or the concentrated aqueous acid, it yields methyl chloride and 
crystallised cyanuric acid. 

If the methyl-alcohol used in the preparation of this ether is not quite anhydrous, 
Secondary products are also formeci. In one experiment Cloez obtained a white 
substance insoluble in water, which was precipitated together with the sodium chloride, 
and when freed from that salt by water, and dissolved in boiling alcohol, formed 
crystals having the composition of dimethyl-allantoi'n, C*H‘®NO* or 
This substiince melts at 226°, and is considerably modified when 
heated above 230°. Baryta-water decomposes it, eliminating ammonia, and forming a 
salt which yields a white precipitate with silver nitrate. 

CN ) 

Btbyl oyanate, [ O, is produced in like manner by the action of cyanogen 

chloride on a solution of sodium ethylate in absolute alcohol. It is a colourless oily 
liquid, having a sp. gr. of 1-271 at 16°. an odour like that of sweet oil of wine, and an 
ethereal bitter taste, with an acrid and persistent after-taste. Heated for several hours 
to 120°-160°, it gives off, ^st alcohol, then a mobile liquid which dissolves in tlie 
alcohol, and an oily liquid which separates. In the retort there remains a solid 
yellowish vitreous residue, wliich when pulverised and treated with hot alcohol, leaves 
an insoluble portion having nearly the composition of trigonic acid. The oily 
liquid, washed and dried, distils without alteration at about 195°, and appears by 
' analysis to consist of unaltered ethyl cyanate. This ether is not altered by contact 
with air ; acids gradually separate from it the theoretical quantity of cyanuric acid. 
With potash or ammonia it yields alcohol and potassium or ammonium cyanurate. 

Amyl cyanate, obtaino<l like the preceding compound, but is 

difficult to purify. Its reactions are similar to those of the mothylic and cthylic 
ethers. 

CTAMrniB OI* B'TOKOOBXr. CNU. Tlydric Cyanide. Hydro^anic Acid. 
Prussic Acid. For?tio?iiirUe. — Produced: 1. By direct union of nitrogen -with ac^dyleiie 
under the influence of the electric spark : C^Ii* + N* « 2CNn (Berthelot). i-iee 
Acktyi.kne (p. 36). 

2. By oxidation of mothylaraino. When a strong solution of methylamino is set on 
fire, the hydrogen chiefly burns, and hydrocyanic acid is found in the residual liquid: 
NH^CIP + O* =* 2H20 + CNH (Toilens, Zeitschr./. Chem. [2] ii. 516). 

3. By the action of chloroform on ammonia : „ 

NH« CHCl* = 3HC1 + CNH. 

The reaction is greatly facilitated by adding to the mixture a small quantity of 
alcoholic potash (Hofmann). 

Preparation. — 1. The decomposition of mercuric cyanide by hydrochloric acid docs 
not yield more than two-thirds of the theoreticiil quantity of hydrocyanic acid. This 
loss is due to the combination of the hydrocyanic acid with the mercuric chloride 
formed in the reaction, the compound thus produced requiring a rather high temperature 
to decompose it. This inconvenience may however be obviated: by acldition of sol- 
ammoniac, which unites with the mercuric chloride and preventfl it from laying hold 
of the hydrocyanic acid. The process thus modified yields about 96 p. c. of the 
collated quantity of hydrocyanic acid (Bussy a. Buignet, Ann. Ch. Phys. [4] iii- 
Hydrocyanic acid may bo prepared by distilling a mixture of equal parts of 
ciwstiillisod stannous chloride and mercuric cyanide, tlie acid passing over, while 
and stannic oxychloride remain behind (Kletaiusky, Zeitschr. f. Chem. [2] ii. 

Combinatiem with Water. — Anhydrous prussic acid mixes with water in all propor- 
tions ; in equal weights, or 3 mol. water to 2 mol. hydrogen cyanide, it forms a true 
chemical compound. The mixture of the anhydrous acid with water is attended with 
a lowering of temperature and with a contraction of volume, which attains its maximum, 
amounting to of tlie total volume of the mixed liquids, with the proportions just 
stated (Bussy aTBuigne^ Ann. Ch. Pharm, [4] iii. 231 ; BUU. Soc. Chim. [2j i. 412). 

Reactions. — 1. According to Bussy a. Buignet {J. Pharm. [3] xliv. 465), the decom- 
position of the acid which is set up on exposure to light (ii. 218) continues after it is 
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lac«d in th« dark. The acid prepared with yellow pruBsiate and sulphuric acid is 
lore stable than that obtained with mercuric cyanide and h3fdrochloric acid. — 2. A 
aixture of hydrocyanic acid rnpour and hydrogen subjected to the action of the electric 
jiark yields acetylene and nitrogen, the reaction being the inverse of that which 
akes place in the synthesis of h3’drocy;4nic acid alxivo meiitionod ; neither of these 
kppisite reactions over takes place completely ( Tlertliolot. Compt. rend. Ixvii. 1141). — • 
t. ilj'drocj'auic acid mixed with hydrochUrric ncirf and alcohol, and trcnttxl with granu* 
uited%i>n% is converted into me thy I a mine ; CNH + 211* -f OH*N f Mondius, 

C 'h, Ph(/rm. cxxxi. 129). — 4. When dry mercuric c^’anido is heated to dull rid ness in 
a btronm of gaseous hydriodic acidy the hydrocyanic acid at first evolveil is resolved, 
by the further action of the hydriiniic acid, into ammonia and marsh gas: 
CNH + 3H* NH* + C1I< (Borthelot, Jahre»h. 1867, p. lUH). — f>. Hydrocyanic 
ijciti mixed with hydrogen dioxide in aqueous solution gradually yields a crystalline 
]>rc< ipitate of oxaraide : 2CNI! -b U'C* — C*H*N*0*. Oxainide is likewise forimd 
on heating a mixture of potassium cyanide and manganese dioxide with a small 
ijiiantity of sulphuric acid (Attfield, Ch<m. Site. J. [2] i. 94). — 6. When anhy<lii»u8 
|>russic acid is carefully jioured, so as not to mix, on phosjihorus trichloride, and the 
lujuid is left in an atmosphere of atpieons vapour, it. is converteil in a short time into 
a mixture of phosphorous acid, sal-ammoniac, and formic acid (Wchrhaiie a. lliibncr, 
Jahr(\^h. 1861, p. 300). 

7. When hydn)cyanic acid is heated with acetic aci*l b> 200^ in a soalod tube, they 
ycirlly unite, producing formacct amide : ClIN -f CHI’O.OH N(CH())(C'*H*0)H ; 
fills liowever is inimediatcl^’ decomposed into acetamide and carbon inont>xido, tbo 
JiiMer escaping w'lien the tube is opened : N((/]lO)(C*}P(>)H ^ C't) -j N{C‘Hl*(>)H*. 
Fn i' hyilrocvanic acid is also pnxhicod by tbo decorn positi<in of anotlier portion of the 
formaceUmido : NCCH0)(C*H"0)H - CJIN + C-IPU* (Gautier, Ann. Ch. Pharm. 
cl. 188). 

Ihtcction . — A hot solution of jx)tasHium cyMiii^lo mix<‘d with picric acid assumes a 
tie- p ljlf>f>ti-re<l colour due to the formation td' }>icroeyai}nc aeitl (iii. 433). b'reo hydro- 
cyanic acid does ntjt produce this reaction ; it must l}l<'^^^fo^e be previously saturidotl 
with an alkali. The reactitui is sJiid t«> l>e more tlelicate than that witli irtrn salts 
(< ’. I). Hrann, Z>ciffichr. f. ctuaf. Chem. iii. 464). The tlet^p l>rown-retl ct>lour phslut.'txl 
"M .'igitating an alkaline solution of potassio-cobalttms cyanitle wilii air (p. 476) nmy 
;ilso 1)0 inadu available for the detect it>n of hydrocyanic acid, ihtf solution being first 
mixetl with excess of alkali, and then wdlh cobalt chloride and tartaric acid (Braun, 
Pc. cU.). 

t'oMpovNns OF IIydrooen Cyanii>k <)u Fohmonituii.k wiTU Hvduacius. Hydra* 
ciihrridCy ClIN . HCl. hfethenylammanium iddoridcy | N . Cl (Gautier, Compt. rend, 

Ixv. 410, 472). — When anhydromCkydrocyanic acid is saturaletl with dry hydrochloric 
ucid gas at —10^, then heated in a well-closed flask, ami loft to cm>l, the fitjuid after 
a Certain time becomes very liot, and the hydr<x’blorido CUN. If Cl separates in 
<'rysfals. By repeating this treatment several times, the griiater part of the hydro- 
cyanic aci<] may be c<jnvertod into this compound. I'o purify the prcxluct., it is first 
heated in the open flask to 40^-60^, then quickly pulverised in a dry atmosphere, and 
exfK>ved for a few minutes to the same tmiiporaturo. 

H is white, cry'sUilline, inodorous ; has a saline and acid taste ; dissolves in water, 
Hb,t)/lutc alcohol, and glacial atretic acid, but decomposes quickly in each of these 
»'»! vents ; quite iniKlInble in ether. It is very hygroscopic and quickly decomposes 
in c/>inact with the air. Even in a dry vacuum it gr^ually decomposes and 
Volatilises. When dissolved in water, it is quickly resolved into formic acid and sal- 
ammoniac. In alsoluto alcohol at 30'=' it is converted into hydrochloride of raothoj|(l- 
diuroine, {q.v.) : ^ 

+ C-H-Cl * 

“hjsSrtJS?* cSizL. fSi ^ 

Glacial acetic acid dissolves methenylammonium chloride, eliminating ^"dyjc hlo ric 
acid, but the acetate which is pr^jbably formed cannot be sejjaratod u 

acetic acid, since it decomposes at 160^-200® in the manner represented by the following 
equation : 

8^CHr|K oc»H»0 J « 

Ifetbenjlsfnmonluiiv yonnamide. Aoctemlde. IdscetemMe. 
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Me compounds described by Engler (p. 624) 
f^fnde and cyanide of ammonium. With it forms potassium chloride, pates. 

Siam formate, and ammonia. The alcoholic solution of formonitnle hj-droehloride 
forma with platinic chloride a cjyatalline precipitate^ which however coDtaius sal- 


ammoniac. 

Hydrobromide. CHN.HBr (0:i1, Bull. Soc. Ckim. [2] iv. 431).— Prepared by 
passing pure dry hydrobromic acid g:is into w(‘li-Cf:>oled anhydrous hydrocyanic tK’id. 
The liquid then becomes opaline, and after a while deposits a very light solid nuiss, 
which, when freed from excess of acid by standing over caustic potash, forms very 
hygroscopic granules, nearly insoluble in etlier and chloroform, and resolved by water 
into hytlrobromic and hydnxjyanic acids, which latter is quickly convert^ into 
ammonium formate. According to Gautier, the analysis of this compound leads, not 
to the formula given by Gal, but to 2CIIN . SlIBr. 

Hydriodide. CHN.HI (Gautier, Bull. Soc. Chim. [2] iv. 89).--Produced by 
passing gaseous hydriodic acid into cooled hydrogen cyanide, or by passing the mixwl 
vapours of the two into a large flask. The white compuunil, after washing with 
ether, separates from alcohol in crystals apparently of rhombohedral form ; it is 
inodorous, has a saline bitter taste, and sublimes at 300°~400°, without previous 
fusion. It is decomposed by water and poUvsh into ammonia, hydriodic acid, and 
formic acid. 


CYikiarZl>llB» Al^COKOILZC. Of those compounds there are two classes, both 
(when containing monatomic alcohol-radicles) being represented by the genend 
formula CNR. In the one class, consisting of the Ixxlies long known as hydro- 
cyanic ethers or nitriles, the alcohol-radicle is in direct union wdth the carbon; 
in the other, discovered independently by Hofmann and by Gautier in 1867, and 
designated as isocyau idc s, carby laniines, or carbamines, it is combimd 
directly with the nitrogen. The former are analogous in structure to the alcoholic 
cyanatos, the latter to the isocyanates (p 619) ; thus : 

N = C— R or esN— R or 

Cyanides or Nitriles. Isocyanidcs or Carbamines.* 


N-C-O-R or 

Cyanates. 


.(cor 


OziCzzN— R or N"'| 

Isocyanates or Carbiinides. 

The monatomic carbamines are likewise analogous to the carbotriamincs, such as 

f C‘* 

guanidine, methyl-carbotriamiuo or methyluramino, N’jcH*, diphenyl carbo- 


fC*' 


triamine or melaniline, N* \ (C*H*)®, &c. 

. . . . . 

The most characteristic distinction between the nitriles and the carbamines is 

afforded by their reaction with hydrating agents (acids and alkalis). The nitriles 
heated with alkalis are resolved into ammonia and an acid containing the same 
number of carbon-atoms : e.g., 

fC*H» 




C*H* 


Proplonitrilo, 


+ HOK + H«0 « NH» + O 

(ok 

Potaseinm 
propionate. 

The carbamines, on the other hand, are attacked with difficulty by alkalis, but m 
qokicly decomposed by aqueous cuuds, yielding formic acid and the amine corresponding 
to the alcohol-radicle : 


TSiJC 


C*H» 


+ 2H’0 CH*0* -I- 


Ethylcarbamine. 


Formio 

add. 




C»H» 

Etb'ylamlne. 


* The carbaminM are someiiineB represented by fommlsB cantaining bivalent carbon, vls> 

K*** <1 ; but their nlatloii to the carbimides is more plainly exhJUted bj the ftmnnbB above given, 

the four nnita of eqnivalonoe of the carbon-atom being attached In the one case to the ntbragM 
akme, and in the other, half to the nitrogen and half to the oxygen. 
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The «airbajnin«« aw further distinguished fipom the nitriles hr their lower boiling 
points, their pong^Qt odour and poisonous character, and by the much greater 
refuiiness with iriuw they unite with gaseous hydrochloric acid and other anhydrous 

haloid acids. 


1. Nitriles, 


These compounds are formed : I. By dehydration of the ammonium salts of organic 
acids containing the corresponding alcohol- mdiclos : e.ff.. 


fCII* 

c\o 

(ONH‘ 

Ammonium 

acotato. 


- 2U*0 


„(CU* 

Acetonitrile. 


2. By heating potassium cyaiiido with an alcoholic imlide or neutral metallic 
sulphate, or with the potassium salt of methyl-sulphuric, ethyl-sulphiLric, and phenyl- 
toulphuric acids, &c. (ii. 202). 

The following roaetious arc exhibited by the nitriles and not by the carbamines: 
o. When heated with zinc and dilute aetds, Uicy take up 4 at. hydrogen and are 
converted into primary amines (Mendius, iv.) : 


Aoetoultrilo. 


fNlI» 

C 

(CH* 

Ethylamlne. 


They unite directly with 2 at. bro7ninr^ acetouitrilo, for example, forming the 
coinp.uiid Cni-NBr'^ or C*H-']lrN . 11 Hr ( Kogh-r). 

7 . They unite with 1 mol. hydnxjen sulphide^ forming sulphuretted amides: e,g,, 

C’lPN + 

Bcuzoni trite. Tliiubcnzamlilc. 


8. They unllo directly with many chlorides of the more electronegative ra<licles, 
propifniitrile, for example, forming the compounds C*H*N.BC1*; ; 

«'MI*N.CNC1 ; Cni‘N .SbCl’ ; C*H*N . AuCl* ; (CWN)«.PtCl*; (C>Il*N)«SiCl* j 
and (C»Il‘N)*.TiCl*. 

«. With fuming sulphuric acid they form sulpho*aeids and disulpho-ocids t €.g% 
acetonitrile yields sulphacetic and disulphometholic acids ; thus : 

C»H»N ^ 3SO«ll> « CU2(SO>H)* + SO«}I(NH*) -f CO* 

Acetonitrile. Disnlplmmetliulio AcM 

acid, ammonium 

sulphite. 


and 


C*H»N + 

Acetonitrile, 


2SO*II» + II’O - + 80‘II(NH‘). 

ButphiiicetLo 
acid. 


Metiiyi Oyraalda or Ao«tonltrtle. C»H*N « N ^ C— CII*.~This compound is 
fully describcMl (as cyanide of methyl) in vob ii. p. 257. When quite puro it bolls, 
ocoirding U> Englor At 76-.'j'^ to 77 5® (wjrr. 77 6'^) ; according to Gautier {Bull, 8oc, 
Chun. [2] ix, 2) at 8l°-82°. When 6 pis. acetonitrile are heated to 100® in a sealed 
tube with 1 pt. bromine till the vapours of brrjmine disappear, and the product is then 
distilled, acetonitrile bromide, C*H*NBr*, passes over (together with tnusass of 
acetonitrile) in crystalline crusts, which may l>e purified by careful sablimatioa, 4 It 
forms regular prismatic crystals, probably belonging to the rhombic ^stem, Jt melts 
with previous sublimation at 66®, dissolves easily but with deoompositmn in aUk^oI* 
ether, and water, and in contACt with moist air gives off hydrobromic scid, Asa \b 
converted into a mixtnre of ammonium bromide, ammonium acetate, aceiamidet Afw 
crystalline di-monobiomacetamide, N(C*H*BrO)’‘II. lost compound is j|nd^ly 

deposited from an alcoholic solution of the brtjmide mixed with water, iu thin needle- 
shaped crystals. Silver nitrate added to an ala^hoUc solution of ecetonitrile-bromid# 
thn>w8 down only half the bromine : hence the compound must 
ocetonUriU kgdrobromidzf, C*H»BrK.HBr, A dihgdrobromide, O^HnSf . 2HBr, is fonned 
by paesing di^ hydrobromic arid gas through acrionitaile, heatsng the resamng cry- 
staUine and win passing the gas tbsoogb it The compound then sublunss and 
eoUecte in the eooleddrr receiver as a yelloWMih-white crystAuine mass. It melts 9t 
47®-60», bc^ns to sabliine at the sama tsUapemtam, and Ss deeompossd by watSS 
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or by exposure to the air, with formation of acetic acid, hydrobiomic acid, and 
ammonia: ' . 

(?H>N.2HBr + 2H*0 C»H*0* + NH*Br + HBr 

(Engler, Ann, Ch. Pharm. cmx. 24 ; dxxxiii. 137; cxlii. 65; cxlix, 306; Jakrc^ 
1864, p. 324; 1866, p. 310 ; 1867, p. 358). 

Acetonitrile heated with sodium yields, together with sodium cyanide, a base 
homologous with cyanethine (A. G. Baeyer, Z^tschr.f. Chem. [2] iv. 515). 

Acetonitrile heated to 200° in a sealed tube with 1 mol. glacial acetic acid is partly 
converted into di acetamide, which passes over on subsequent distillation between 
210° and 216° and solidifies in crystals : C^II“N + C^H’O.OH »= N"(C*1I’0)^H or 

N"' OH (Gautier, Ann. Ch. Pharm. cl. 189). 

,C^H»0 

Stbyl Cyanide or Froplonitrile. C*n*N = C | qjjjs (ii- 211). — The groat differ- 

ences of boiling point and other physical properties assigned to this compound by 
different chemists are doubtless attributivble to the difficulty of obtaining it pure; 
indeed, most of the methods of preparing, it appear to yield a mixture of the true 
nitrile witli the isomeric compound, ethyl isocyanide or ethyl -carbamine, to which is due 
the intolerable odour of the ordinary preparation. Gautier appears to have obtained 
the purest propionitrile by treating the crude product of the distillation of barium 
ethylsulphate and potassium cyanide with an acid (which decomposes the ethyl -carba- 
mino), then agitJiting it with mercuric oxide, distilling, and treating the distillule 
with a large quantity of calcium chloride, which removes a compound of the nitrile 
with alcohol, leaving the nitrile itself to bo further purified by rectification. Propio- 
nitrilo thus prepared has an alliaceous odour and boils at 88 5°. 

Action of Bromine and Hydrohromic Acid (Engler, loc. cit.). — When hydrobromic 
acid gas is passed in excess into propionitrile, a yellow crystalline mass is formwl 
consisting of the hydrobromido C*H*N.2HBr. It molts at 60°-65°, sublimes at a 
slightly higher temperature, and decomposes slowly in contact with dry, quickly in 
contact with moist air, yielding propionic acid. Its decomposition wiUi water is 
roprosonted by the equation : 

CTPN.2IIBr + 2H*0 = C»IPO* + NH^Br + HBr. 

According to Gautier, anhydrous hydriodic acid also unites directly with propio- 
iiitrile. 

Jiro-mopropionitrile Hydrohromide^ C*H*BrN .HBr, is prepared, like the corresponding 
compound of acetonitrile, by heating 10 pts. propionitrile with 1 pt. bromine to 100° 
in a scaled tube. The crystalline product purified by sublimation melts at 64°, and 
begins to sublime at 72°, with partial decomposition, in stellate groups of crystalline 
crusts. It is decomposed by water, like bromacetonitrile hydrobroniide, yielding 
dimonohromojtropionamide^ N(C*H*BrO)*H. 

Action of Hydrochlorio Acid and Chlorine. — Dry hydrochloric acid gas is dissolved 
by propionitrile, but without at first appearing to enter into definite combination, even 
when tno solution is heated to 100° in sealed tubes ; if, however, it be left to itself in 
a sealed vessel for a month, crystals of a hydrochloride, C*H*N.HC1, are formed, 
apparently belonging to the monoclintc system. This compound dissolves very spar- 
ingly in ether, but freely in alcohol, chloroform, and water. It* aqueous solution is 
comparatively little altered by boiling ; but when left to itself it is g^ually convertetl 
into sal-ammoniac and propionic acid: C*H*N.HC1 + 2H®0 = NH*C1 + C*H*0'. 
The hydrochloride softens at 95°, melts at 121°, and quickly becomes uncrystallisable. 
When strongly heated in the air, it burns, leaving scarcely a trace of carbon (Gautier, 
Compt. rend. Ixiii. 921). 

Kmpecting the action of chlorine on propionitrile, see vol. iv. p. 786. 

Action <f Acetic Acid (Gautier, Ann. Ch. Pharm. cl. 189). — Propionitrile heated with 
excess of acetic acid in a sealed tube for fifteen to twenty hours is in great pert 
converted into propionic acid and triacetodiamide; 

2C*H»N -f 3(C»H»O.OH) + H*0 « 2(C»n*O.OH) + N*(C*H*0)»H*. 

The portion of the resulting liquid which passes over on distillation between 212° and 
217° becomes filled in the course of twenty-four hours witli long silky needles of triecetc- 
diamide. This comwund is soluble in water, alcohol, and ether, is converted into 
ammonium acetate oy heating with water to 290°, and resolv^ by potash into 
ammonia and acetic acid. 
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with the triaoetodiamide there is also formed anoth^ amide, which cry- 
1 1 ^. V 0 r JalowlT from the mother-liquor of the t riacetodirtmide, and may he obtiun^l 
, iihout Uie latter by heating a mixture of propionilrila and acetic acid vn 

almotit to 200® for onW a few hours. The liquid boils at 220 , and 

- 1?VhH)KC»U-0).U- : 

2C*H'N + 2C«1I^0^ + IPO « C*1P0* + CTP*N*0». 

The compound treated with caustic soda gira off ammonia and yields acetate and 
propionate of sodium. 

wropwl Cyanide or »tttyronltme. C‘IPN - This 

is stronelv attacked by potassium, forming potassium cyanhlc, and giving 
/g^oou. hyar.-c»rlx,u.‘which ,.p,u.ar. U, l.o a™H,r 
?K«n that evolved in h^e manner from acetonitrile. lhit>Tonitnle treated with phos- 
» compouna c.nUining (C'iP)-N^i>;a* U - a 
l.lourloJTtranspivrent liquid, decompoBcnl by water, with fnrinut,.,n of hyar^ehlorio 
acid, phoBphorouB acid, and butyromtnlo (Honko, Ann. Ch. Iluirm. cm. 27.). 

I«oliatTr®iiltrU«. C'H'N - c|^jj(cil.)v '« pfoducnl by hcaUiiK iaopropyl 

ii.biio in a Bcalcd tube with potassium cyaniilo and alcohol. It IkhIb at 80°; 
when heated with potash yields poUissium isobutyrato and ammonia (MorVownikoff, 
JJuii. Si>c. Chim. 1866, p. 53). 

Butyl Cyanide or Valeronltrlle. C*1PN 


Amyl Cyanide or Capronltrtle, 


C*Il“K 


» c|^,jj,(ii.272). 
cj;.ju„. islwst p! 


prcpiro*!, ncconl- 


ing to Wurtz (Ann. Ch. Phv». [S] li- 358). by heatinR the oxalate, chloride, or ioiliile 
,f amyl with puro potassium cyanide (obtaineil by calcining the f<Tr<|cyKnide) Hto 
; iWro^nitrile tins Xuined was optically dextrogyrate ro-am.g the m ray 2 .« a 

tnhft ‘200 millim lonk.*. Most probably, however, this pniperty is not ron»t 2 iiu , 
nitrile prepared from inactive amyl alcohol would doubtless Iw tlself iniictive. 


Beptyl Cyanide or 


C*prylonltrll«. CIl-N - c| obt.ained by heat- 

ing ammonium caprylato, C*H“0’.NII*. with '".i? a'l^a 

colourless liquid, hiM-ing a highly aromatic odour, ' ,K,i„t 

sweetish, aromatic, slightly burning taste. ®P- ' ,„ix!f»*with 
194“-lt»6°. It is easily inflammable, burns with a bright sm ky ■ . .. . 

alcohol and ether ; yields ammonia and potassium ^^laU who.i boded with 
alcoholic potash (E. Fellotar, ZdtKhr. /. tV/«. [2] iv. 606). 

Oetyl OypnMlo or »eI«ryonltrUe, C*I1'’N - is producoil by iKubiig 

octvl iodide (from caston^il alcohol) with potassium cyanide 

sepimtes on tL surface as an oily layer on ^ 

forms a odourless liquid, having a peculiar aromatic * fP' K/; ® 

Is.ihng at 208°, dwomposing and turning brown when distilled , mns-ible wan 

alcohol and ether (Fellctar). 


C'’n'*N = C|^,.jjn(i. 843). 




^ r»H*' is obtained: 1. By heating 


Cetyl Cyanide or Margaronltrile# 

Anyl Cyanide or CrotonltrUe, C^H‘N 

ally! iodide with an alcoholic solution of potassium 
c,«i.68).-2. By decomposition of myruDic acid, 

solution of potassium myronate with silver *• , .|t«r repeated 

(iii. 1075) sii^nded in v4ur with hydrogen sulphide. The product. alUr repoaieo 

dittillation with water, yieldii an oily layer of crotonitn o* 

‘ + S + 80«H* 


C^H‘Ag*NS* 0 « 4 
Silver |««dpUatie. 


fltS - C^H*N + Ag*8 

Croto- 
nttarlla 

Crotomtrila w a neutral 

axnmoDia and erotonic a4ud : 

C‘IP» + 2H*0 - MH* + C‘H*0* 

(Will a. Karaar. Aim. O. »«m oar. HO, 
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Pbenyl OjrMild* = €•£[*. CN or o|^, (1. StS\ 

— Hofmann (CoTnpt. rend. ls^iv. 388) obtains this compound bj^distUling a miitnie of 
aniline and oxalic acid.*^ carbon monoxide resulting from 'tlte decomposition of 
the oxalic acid unites with an atom of hydrogen in the aniline, pri^ucing fonnanilide, 

which, by elimination of H^O, is converted into benaonitrile. This 

compound is also produced by the action of cyanogen bromide on potassium benzoate 
(Cuhours, Ann. Ch. Ph^a. [3] lii. 200) : 

C’H'^O-K + CNBr = CO^ + KBr + 

When the vapour of atdphuric anhydride is slowly passed into cooled benzonitrilo, 
the latter is converted into amidosulphobenzoic acid (Engelhardt, Ann. Ch, Pknrtn, 
cviii. 34f3). Boiizonitrile treated in alcoholic solution with and hydrochloric acid 
tiikes up 4 at. hydrogen and is converted into benzylamine, C*H*.C1I*N1B 
(McndiuB, ihid. cxxi. 129). 

Benzonitrilo heated to 140® -150^^ with bromine in a sealed tube, solidihos and yields 
a sublimate which appears to consist of C^lPNBr^ ; and the solidified mixture, after 
being freed from a viscid substance by treatment with cold ether, yields a cr}’stjdline 
compound containing C’'H*NBr, or ratlmr p(;rhaps C*‘II‘“N“Br'^ This comyjound 
heated with lime gives off ammonia, carbon dioxide, and benzonitrile, and yieMs a 
white sublimate having the composition and properties of cyaphenine, C“I1'“N® 
(Engler, Ann. Ch. Pharm. cxxxiii. 137). 

A solid compound of loenzonitrilo with hydrobromic aci<l, C^ir'N.2HBr, is produced 
by passing the vapour of hydrobromic acid into benzonitrile. It melts at 70®, and is 
resolved by water into benzamido and hydrobromic acid : 

CHPN.2UBr + H-O « 2HBr + C’H^NO. 

A cortiiin quantity of benzoic acid is formed at the same time, according to tho 
equation : 

CTI'N + 2IIBr + 2II-’0 C’HW + NH^Br + HBr 
(Engler, Ann. Ch. Pharm. cxlix. 307). 

A hydrochloride of benzonitrile (chlorure de henzamidyle) is fornmd by the action of 
phosphorus pentachloride on benziiinido : 

C^IENO + PCE « CHPN.nCl + POCl» + HCl. 

It is resolved by heat into hydrochloric acid and benzonitrile (Gerhardt, iv. 

7G2). 

With sodium^ benzonitrilo yields sodium cyanide and cyaphenine, together with 
another comp>und (llofmaun, 7jt'ihchr. f. Chern. [2] iv. 726). 

iritrobensonltrilet C^H*(NO-)N, obtained by tho action of fuming nitric acid on 
benzonitrile, is moderately soluble in water, crystallises therefrom in needles, is 
decomposed by heat, and when boiled with acids or alkalis, yields ammonia and ortho- 
nitrobenzoic acid (i. 664). Nitrobcnzonitrile is also protlucod by dehydration of 
nitrobenzamide with phosphoric anhydride or phosphorus ponttichloride ; it melts at 
116® (Engler, Zcitachr. /. Chem. [2] iv. 613 ; Ann. Ch. Pharm. cxlix. 297). 

Par anitrobensonit rile is obtni nc<l by tho action of phosphoric anhydride on 
paranitrobeuzamido (p. 268), as a thick oily liquid having a high boiling point, and 
solidifying very quickly. It is nearly insoluble in water, dissolves easily in alcohol 
and ether, slowly in hydrochloric acid, with which it forms a crystalline compound. 
From alcohol it crystallises in white naeveous scales, which molt at 139®, ana then 
distil without decomposition. Heated with hydrochloric acid to 130®, it yields parS' 
nitrobenzoic acid (Engler, loc. cit.), 

Aittldobbiisonitrile. C’H*N* « C’H*(NH*)N. — This base, isomeric with cyanilide 
(iv. 440), and with the hitherto unisolatea diazotoluene (v. 867), is produced : 1. By 
treating nitrot^nzonitrile in alcoholic solution with zinc and hydrochloric acid tiU 
the liquid on dilution exhibits a slight turbidity (if the action be longer continued, 
the base is partly resolved into ammonia and benzonitrile, which latter taJkes np mow 
hydre^n and is converted into benEylamine). The liquid on cooling dipposits S 
crystalline compound not yet examine, and from the remaining solution the amido- 
benzonitrile may be separated by ammonia (Hofmann, ZnUehr. f. Chem. 78®)* 

—2. By heating the compound C’H*N’S (i^ro) to a few degrees above 100®?wlie«e- 
npon it gives o# H*S and leaves amidobensonitrile ; this process does not, howeviir, 
yield a pure product (Hofmann). — 3. Anudobenmne cyanide, C’H'NO*.2CN,8ii]:jeietsd 



CYANroES, ALCOHOLIC. 587 


to dry diftaWaon, yie^ amidobenzonitrile (together with gaite, water, aminonium 
carbonate, and wflimiiuin cyanide), m an oil, which may be .^Mlrifled % solution in 
h 3 rdrochlonc acid, t|f68|>inent with animal charcoal, precipitation with ammonia, and 
crystallisation (Q-xsee^i Zettschr.f. Ckem. [2] iv. 725). ♦ 

Amidobensonitrile crystallises in colourless needles or prisms, melting at 53*’ 
(Gricss), at 52®, add boiling at 28B®-290® (Hofmann), It dissolves easily in alcoliol, 
elhtT, and boiling ^ter, but is nearly insoluble in cold water (Oriess). The sulphate 
ami uitTats crystallise well, the latter in four-side*! tahl*is \ the pitfate is very sparingly 
silublo (Hofmann). The hydrochloride forms rhombic tallies easily 

ftolublo in alcohol and in cold water; the phuimKhU^ridc IK'l), PtClS 

yt How, four-sidt^ tables, easily soluble in water. The aryentonitrafe, OHI'N*. AgNO\ 
U.tained by adding silver nitrate to the lujueous or alciiholic solutitm of the biuse, 
forms white liiminfe. With hromine-uatfr the lujueous solution of the hose gives a 
hrominated compound crystallising in needles ((irie^s). 

Aniidt>l>enzoiiitrilc boiled with strong hyd rochtoHc acid yiehls sal-anunoniHC and 
anndolicnzoic hydrochloride, C'lHNtP. IK ’i. With chlorofortn and alkalis it yiebls 
tho intolerably smelling formouitrilo. C“1KN*, which is resolv*xi by uciiis into numiic 
acid, aiuidobenzoic acid, and ammonia, whereas iho isomeric tbrmonitrile t)f plienylono- 
diitniine is resolved by similar treatment into formic acid and phcnyli-nediamino 
(Hofmann). 

When nitrobenzonitrilo is treated with awniouium salphUh\ a sulphuretted base, 
containing the elements of umidobenzonitnle and hydrogen sulphide, is 
prxluced, which crystallises from boiling watir in while sliniiiig netMlles, easily 
soluble in alcohol and ether, and forming a crystalline liyilnudiloride and plalino- 
cliloride. At a few degrees above 100® it is nsoived, tliougji not completely, into H-'S 
atal C'’H“N*. This base has the constitution of tli iolienzy 1 ene-diamide, 
N^(G’IK»S)''iK, and is isomeric with sulphocarboMyl-phenvl-<iiami(h«.* N*(( '.S)*'((>H')H*, 
pnKluc*>d by the action of ammonia on phenyl sulphoeyannto (Hofmann, iW, AW 
X. 699). 

Parrtmic?o6c7i2 jnifrtVe is obtained by the action of tin and hy<lrochloric acid, 
or bettor of zinc and hydnxdiloric Jicid, on par:vnitn>ben/.oriitrile, ami separates, on 
satuniting the pr<xluct with eKxla and ev.-iporating, as an oil which solidities on e«K)ling, 
and may be purifietl by rocrystallisation from n<pi*;ou.s , alcohol. It dissolves easily in 
alcohol and other, sparingly in water, an<l crvKt.illisc.s from a mixture 4»f 1 pt. alcohol 
and I pt. water, by slow cooling, in cohmrlesM iiecdh-s melting al 71 °. it dissolves 
easily in acids, forming for the most p>art. crysUvlliKable Halts, The hydrochloride 
. HCl forms thin laminar colourless crystals, oaHily soluble in water, melting 
will'll hiated, and decomi>osing at a higher tempirature. The vlaiinoddirride 
. HCl) . PtCK forms small crystalline needles, lly prolonged lioaling with 
zinc and hyilroehloric aci<l, it is decoinpwc*!, yielding sal-ammoniac nn<l bcnzylaniine 
(Krigler, Zeilat'hr. f. Chem. [2] iv. 615; Ana. Ch. Pharm. cxlix. .'102), 

Paranilrobenzonitrile treaUnl with ammonium sulphide yiid'Is a base, C^H*N*H, 
isomcric with that olitainod by Hofmann fnmi nitrolfenzoiiilrile. It eryHtJilliscs fTt)m 
ah-ohoi in yellowish white stellate masses ; melts at 179°; dissolves in hydrt>chloric 
arid, ami may bo soparatcil therefrom by fixexi alkalis (Knghjr). 

Paranitroben.'!i>iiitrile is slowly rtsiucoil by siHlium-amalgam, yielding a weak liase, 
prijbably consisting of the azo-compound N(C’H^)N (Engler). 

Vaptatliyl OjrulAe. C'H’N = (Hofmann, Compt. rend. Uiv. 887; 

Hvi. 473 ; Ixrii. 547). — Produced: 1. By distilling naphtiwlamine with oxalic acid. 
The reaction takes place by two stages: the oxalic acid d^rst splits up into water, 
carlxm dioxide, ana carbon monoxide, which latter fixes, itself upon the naphtJhylsmtne, 
converting it into naphthyl-formamide ; and the naphthyPformamide is then refolded 
by the heat into water and naphthyl i^anide (HofSomnD}. 


and 


NjH + (C*0*)-(0H)* - CO* + H*0 + NjOGH 

Ki^ihtihjkiiiiae. OxslSo add, Kaphthyl- 

tonpa m t tk . 


^ HjoJH - HH) + 

The diaUHata Urns ohtaiiMd la a mixtiixfi of naphthyl graDida, oaphthyl^fconkanidat 
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a current of steam, which carries along with it a considerable quantity of a brown 
opaque oil heavier than water. On separating this oil from the water by agitatiori 
with ether, evaporating the ether, and distilling the residue, naphthalene passes over 
at 2l8°-220°, and na^thyl cyanide at 290^-800®, as a light yelkw liquid, which 
solidifies to a crystalline mass when left for some time in a cold roo^f more quickly 
in a freezing mixture, and when once solidifietl does not return to the liquid state at 
ordinjiry toniperaturos. It may bo obtained perfectly pure by recrystallising it several 
times fwm alcohol, in which it is very soluble, and finally precipitating it ^ra the 
alcoholic solution by water. It then separates as an oil which solidifies in a few 
minutes (Hofmann). 

2. By distilling a mixture of cyanide and naphthylsulphlto of potassium (Morz, 
Soc. Chim. ix. 335 ; x. 47) i 




Naphthyl cyanide is heavier than water, melts at 35 5®, and boils at 296® (corr.). 
When boiled with alcoholic soda it gives off only traces of ammonia; but on adding 
water to the mixture, crystals are deposited consisting of men aphthoxylamide, 
C*'H®N0 = naphthyl cyanide + 1 mol. water. The meimphthoxylamido, as 8cx>n as 
it is formed, is decomp(iBcd by the soda, with evolution of ammonia and formation of 
menaphthoxylic acid, C'®il’ . 00*11, an acid related to naphthalene in the same 
manner as benzoic acid to benzene : 




+ 


n*o 


NapliUiyl 

cyanide. 


ckr 

(NIP 

Menaplith- 

oxylttinide. 


c 


0 " 

NIP 


Menaphth- 

oxyUtnldc. 


+ NaOH 


NH* + CJO" 

(oNa 

8<>lium 

monaphtlioxylato. 


Naphthyl cyanide combines but slowly with nascent hydrogen ; but when heaUsl 
to 100® with alcoholic solution of ammonium sulphide it reiidily takes up H*S, and is 
converted into raonaphthot hi amide, C“li®NS (Hofuiaun). 


2. Alcoholic Isocyanides or Carhamxnes. 

These ethers arc produced; 1. By distilling a monamino with chloroform (Hof- 
mann); e.g.y 

* ^i&H‘ 

Aniline. Chioroform. Phenyl 

Isocyanide. 

2. By treating 1 mol. of an alcoholic iodide with 2 mol. silver cyanide, a double 
cyanide of silver and the alcohol- radicle is then formed ; and on distilling this 
compound with a very strong aqueous solution of potassium cyanide, a double cyanide 
of silver and potassium is formed, and the isocyanido of the alcohol-radicle distils 
over ; it may then be dried over calcium chloride and rectified. By this rwetion 
Gautier has prepared the isocyanides of methyl, ethyl, isopropyl, and butvl. Tha 
ethyl-compound was obtained some years in an impure state by £. Meyer, by , 
distilling potassium-silver cyanide with potash (ii. 212). 

The isocyanidcs are also formed in small quantity in the preparation of the nitrilM, 
and to them is due the intolerable odour of the crude distillates. 

Methyl Zeoeyanlde or Methyl^ernrhamlaie. CH* — ^NSC or 

(Gautier, Compi. rend, Ixr. 468, 862; Ixvi. 1214). — Prepared, as above described, by 
heating 2 mol. silver cyanide with 1 mol. methyl iodide to 130®-140® in a cl^ 
vessel, and decomposing the resulting double cyanide with potash. When dried with 
calcium chloride and purified by rectification, it is a colourless mobile liquid hamng a 
specific gravity of at 14®, boiling at 58®-69®, not soltdif^ng at —46®. It dm 

a powerful odour, like that of phosphorus axtd of artichokee. Its vapours are 
and very deleterious, almost immediately producing nausea, vertigo, headache, and 
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depression. Water dissolves about ^ pt. of it at 15^. When heated with water in a 
lioaled tube, it is resolved into formic acid and methylauiine : 

n|^ 2, + aH'O = CH»0« + 

With dry adds (pure hydrogen-salts) it unites immediately, saturating them com- 
pletely like ammonia, and forming crystallisable salts. The hydrochloride an<l 
hydrobromide are very easily obtained by directing the dry gaseous acids on the 
surface of the liquid kept very cool. The combinations with oxygen-acids are more 
difficult to obtain, on account of the violence of tlio reaction. All these salts are 
decomposed by water, with production of formic acid and methylamine, Alcohoiia 
iodides combine with methyl isocyauide at ordinary lemperaturos, whereas acetonitrile 
does not unite with these bodies at any temperature between 0° and 200®, 

Methyl-carbamine is very easily oxidised. When it is broug/it in contnet with 
mercuric oxide in a cooled vessel, and the inixtttre is then gradually heated in a water- 
bath to 40®-50^,ineta\\\c mcrcvxrj' separates and methyl isocyanate or inelliyl-carbimide 
distils over : 

Njcil* + “kO - Hg + Njg;}.. 

A considerable portion of this botiy is, however, converted into a compouinl of methyl 
cyauumte and fonuamide, which may ho ohtaintxl in erystulH by healing t)i» liquid 
rcnmiuing in the ftask to ICO®, and eihausting witli boiling alcohol. 'J'lio roacliou is : 


+ o> 

Methyl 

carbamiiiie. 




CHO 


Mritiyl 

cyauumte. 


Funutuuiilo. 


CO. 


This compound molts and partially sublimes at 17*^®, but decomposos when hcwiteil 
uIhjvo ‘2r)0®. It dissolves in water, alcohol, and ether, and crystallises from water in 
I'cuuliful lamina*. Heated with {xitash to 200® it gives otf a little ammonia. An 
elhertal solution of methyl-carhamino tro*»t<xl in the manner above describwl yields, in 
mldition to the preceding products, a crystalline Ixxly which melts at 103®, boils at 

1G8® under a pressure of 24 mm., and consists of - j jj Bimilar 

prtKlucts are obtained by oxidising methyl-curbnmin© in cthoreal solution with silver 
oxide; but they remain at first in combination wnth that oxide, On evapomling* lha 
elh(T, a white substance remains, which quickly yichls metallic silver and further 
products of oxidation (Gautier, Conqd. r<W. Ixvii, 804; /^citachr, f, [2j iv. 

Sttijrl Zsocyanlde or Stby-l-curbunlne. — 

Prcjparod like the preceding. Boils between 78® and 79®, Hp. gr, 0 at + 4 ®, 
i>oes not solidify at --68®, It unites with acids like methyl- carbarn ine, forming 
crystallisable salts. Heated to 180® witli VHi/er or an alkali no mdution, it yiulda 
formic acid and ethylamino. The hydrochloride boiled with potash yields the sam* 
products, l<%-ethcr with elhyl-formamido : 

( C*H* 

GOH, 

Ethyl-carbamine is violently oxidised by silver oxide, with formation of ethyl cyanato^ 
and a crystalline body, C'*H**N‘0*, soluble in alcohol and boiling above 200® ; 

6NC(C*H*) + - C'»H"N*0« + 2CO, 

When eihyl-carbamine dissolved in 4 vol. ether is oxidised by mercurie oxide, tba 
chief prodocts are a crystallisable body, melting at 112®, and liquid 

formamide : 

The crystalline body may be r^;arded as a oompound of ethyl-formamide with sihjrU 
carbodLunina : 

fOOH HVO»* 

- 2N4C»H‘ + 1 C*H», 

IH NUH* 

MH 
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Ethyl-carbamine and methyl -carbamine heated in eeal^ tubes to 100® remain for 
tilt* most part unaltered ; but on o^nin^j the tubes and distilling off the more volatile 
pi »rt.i(m, an oily liquid remains, which ejcplodes violently when more Strongly heated. 
( iautier regards those liquids as polymerides of the carbamines. 




Zsopropyl Zsooyaolde or Zsopropyl-oarbamfiie. C^H'N « xi j 

.autier, Co7}}pt. rend. \xy\\. 723), is produced by acting upon silver cyanide with 
propyl iwlido, and decomp<38ing the double cyanide NC(C*II^). NCAg by boiling 
1 11 a concentrated aqueous solution of potassium cyanide. It is a liqmd smelling 
ike the carbamines previously described, soluble in alcohol and ether, very slightly 
r^uluble in water, having a sp. gr. of 0*7596 at 0°, boiling at 87°» not solidifying at 
— 68^, It unites readily with dry halo’id acids, forming crystallisable salts. Treated 
with aqueous hydrochloric acid, it is transformed, by two successive degrees of 
hydration, first into isopropyl-fomiamido, then into isopropylamine formate: 




N 


COH 

cm\ 

H 


N(C’IP)H^CHW. 


Butyl Zsooyanide or Butyl-oarbamine, C^H^N = prepared like 

tlie preceding, is a colourless liquid, having an offensive odour, neiirly insoluble in 
water, boiling at 1 14^-117°, and having a sp. gr. of 0 7833 at 0®. When cooled to 
— 66® it does not crysUvllise, but becomes pasty and opjique. Water and mineral 
acids act uj)on it loss violently than on the prece<ling carbamines. Heated with 
aqueous acitls it takes up 2 mol. water and is completely tmnsformod into butylainino 
and formic acid (Gautier, Bull. Soc. Ckim. [2] xi. 211; Zeitschr, f, Chem, [21 v, 
445). 


Amyl Zaooyanlde or Amyl>oarbamine. (Hofmann, 

Afin, Ch. Pharm. cxliv. 114 ; Jahresh. 1867t P- 363). — Prepared by distilling an 
alcoholic solution of amylamine with chloroform and potash : 


CHCi’ + = anci + 


Purified like the phenyl compound. It may also be obtained, like the prece<ling 
carbamines, by decomposing silver cyanide with amyl iodide, &c. It is a colourless 
liquid having a pungent odour of amyl alcohol and prussic acid together, boils at 
137® (capronitrile at 146°). Its vapour prcnluces an iutonsely bitter taste upon the 
tongue and a suftbeating sensation in the throat. It is violently attacked by hydro- 
chloric acid, the reaction taking place by several stages, and finally resulting, after 
the liquid has been heated to the boiling point, in the production of amylamine and 
formic ecid. 

Pbenyl Zsooyantde or Pbenyl-oarbamlne. C’H^N = (Hof- 

mann, loc. ciY.). — This compound, isomeric with benzonitrilS, is obtained by distilling 
a mixture of auiline, chloroform, and alcoholic potash; rectifying the pungent- 
smoiliug distillate ; treating the portion which goes over after the water and alcohol, 
with oxalic acid to precipitate the aniline contained in it; dehydrating the residual 
brown oil with pt)ta,s8ium hydrate, and rectifying it. 

Pure phenyl-carbamine thus obtained is a mobile liquid, blue by reflected, green by" 
transmitted light, and retaining these colours even after rectification in a current of 
steam. Its odour is pungently aromatic, and at the same time like that of prussic 
acid. Its vapour acts on the throat and tongue like that of the amyl-compound, but 
loss strongly. It boils at 160° (benzonitrile at 191°), but with partial decomposition, 
the temjieraturo quickly rising to 230®, and a brown inodorous oil distilling over, 
which solidifies in the crj'stalline form on cooling. It unites very easily with mebillio 
cyanides (benzonitrile unites with them but slowly), forming, with silver cyanide in 
particular, a beautifully crystallised compound. It is scarcely attacked by alkalis, 
but is easily decomposed even by dilute aehls, and with great evolution of heat by 
concentrated acids, yielding, as ultimate prcKlucts, fonuic acid and aniline, wim 
methenyl-diphenyidiamine and phenyl-formamide as intermediate products ; thus : 

(1) 2NC(C«H*) + 2H*0 « CH*0» + N*(CH)'"(C»H»)»H 

Phenyl-carbaurdno, Pormlo Uetbjl-dlphenyl- 

acid, disaniae. 
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(2) N^CHr(C*H>)*H + H>0 = N(CnO)(C*H‘)H + N(C?«»)H« 

Hethenyl-dlphenyl. Fhenjl-formamlde. AnlUno. 

diamine. 

(3) N(CHO)(C«H»)H + H*0 « CH*0* + N(CTP)II» 

Phenyl-formamide. Formic Aniline. 

acid. 

CTAiraiSSf llClST.£L&XiZC. It cannot at present be decided whether these 
salts are analogous in constitution to the nitriles N~0 — R', or to the carbamiuea 
C^N — R; their conversion by the action of water into ammonia and a salt of 
formic acid may bo explained with equal facility on either view. Silver cyanide 

heated with ethyl iodide yields ethyl carbamine, N ^ qjjja ; and potassium cyanide 

similarly treated yields chiefly propionitrilo, c| : whence it might bo inferred 

that some metallic cyanides are analogous to the nitriles, others to the carbamines. 
It is possible also that the same metallic cyanide may exist sometimes in one 
modification, sometimes in the other; iiulee<l, the propionitrilo obtained from potassium, 
cyanide is always more or loss mixed witli elliyl-carbamino (p. 5‘2t). Similar 
remarks apply to hydrogen cyanide, which is usually regarded as fonnonitrilo, 
(QiH)"'N, but may perhaps be also capable of assuming the form of carbamine, 
NCH. 

Ammonium Cyanidk, NIl^CN, is formed in the combustion of coal-gas which 
has passe<l through aqueous ammonia. If the gas be burnt in a long tube and the 
condensed products passed into water, a solution of ammonium cyanitle is obtained ; 
if the flame bo made to pass over potash -solution or milk of lime, tlie liquid, after a 
few minutes, is found to cont^iin considerable quantities of cyanide ; and on shaking 
up the potash-solution with flnely divided iron, potassium ferrocyanido is obtained 
(Do Romilly, Compt, rend, Ixv. 865). When dry ammonia gas is passed over pure 
w<xxi-charcoal heated in a glass tube to tlio highest tompornture of a gas-furnace, a 
small quantity of ammonium cyanide is formed, together with a mixture of nitrogen 
and hydrogen gas (WelUien, Ann. Ck. rkarm. cxxxii. 22 1). 

Bauium Cyanidk.s. — B jirium pi ati nocyanide, BaPtCy^, is pro^Kicod by the 
mutual action of platinous or platinic chloride with barium carbonate and dilute 
hydrocyanic acid. With platinic chloride the rwetion is : 

SBaCO* + PtCP + 4nCy = BaPtCy 2BaCP -h 2ir^O + 300'^ + O. 
Double cyanides of barium with other metals are formed in like manner by the 
mutual action of barium carbonate, liydrix^yanic acid, and the nitrates, carbonates, 
cyanides, acetates, or, best of n’b the soluble sulphates of the several metalf 
(Weselsky, J.pr. Chem. ciii. 666). 

Chromium Cyanides. — On the preparation and properties of the chromi- 
cyanides 6M'Cy.Cr’Cy* and 3M"Cy*. Cr*Cy® (ii. 205), see Kaiser {Ann. Ch. Pharm, 
Suppl, iii. 163; Jahresh, 1864, p. 302) and Stridsberg {ihid, p. 301). A solution of 
potiuisium chromicyanido treated with sodium-amalgam is immediately colouroii rod, 
in (Ninsequence of reduction to potoumium chromocyanide y 4K(/y . Cr'Cy*. The solution 
of this latter salt is decomposed by dilutifm and by heating. It gives a reti-brown 
precipitate with zinc salts, green with chromic salts, rcil with cobalt salts, and green 
with manganous salts (Descamps), 

Cobalt Cyanides (Descamps, Compt, rend, Ixvii. 330). — Cobalt forms two series 
of double cyanides analogous Uy the ferro- and ferri -cyan ides. Potassium cobcUiocyanide^ 
K*Co"Cy*, is formed in the first instance on dissolving ci>baltous cyanide in aqueous 
potassium cyanide; but under ordinary circumstances it is immediately oonye^rtc^ 
into the cobalticyanide. When a concentrated solution of potassium cyanide is 
poured into a vessel containing cobaltous cyanide, the latter being in excess, and all 
rise of temperature* avoided, a greenish solution of cobaltrjus cyanide in potassium 
cyanide is formed, which when left to itself, becomes red on the surfa^^ from 
formation of potassium cobaltocyanxde, and deposits a green p<mder consisting of 
potassio-cobaltous cobaltocyanide. If on the other hand a slight excess of potassium 
cyanide be added, a deep rod solution of potassium c»/biiltocyanide is quickly pr^ 
duced ; it is necessary however to keep the liquid cool ; otherwise the cobaltoig^ania© is 
immediately converted into colonrless cobalticyanide, with evolution of hydre^n. 
By quickly evaporating the solution in a vacuum, a few rod needles of the oobalto- 
cyanide are obtained, but the greater fiart 4raffer8 decomposition. A better method is 
to precipitate the salt firam its aqueous solution with alcohol^ wash it with ths 
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sanre liquid ; if it be then redissolred in water, a more stable and crystallisable 
solution will be obtained. 

PotaBsium cobaltocyanide is red, very deliquescent, insoluble in alcohol and ether ; 
alterable on exposure to air, but more permanent under alcohol. Its solution is 
decomposed by boiling into potassium cobalticyanido and cobalt sesquioxide ; this 
decomposition is much accelerated by a trace of potash, and is almost instantly 
brought about in dilute solutions by addition of potassium cyanide. The cobalto- 
cyatiidos of sfKlium and barium are also red. The solution of the potassium salt 
forms a reddish precipitate with zinc salts ; flesh-coloured with manganous sulphate ; 
yelh>w with load acetate ; orange-coloured with mercuric salts ; rose-coloured with 
cjvdmium salts. On mixing a concentrated solution of cobalt nitrate with a con- 
centrated alkaline solution of cobaltous cyanide, a green precipitate is fomietl 
consisting of potassio-cobaltons cobaltocyanide, Co"K’^Cy* . Co'Cy*. The same com- 
j>ound is formed on pouring a solution of potash on cobaltous cyanide. It is insoluble 
in water, permanent in the dry state, and dissolves very easily in potassium cyanide, 
reproducing potassium cobaltocyanide. 

The colourless solution of potassium cohaUicyanide treated with sodium-amalgam 
is quickly converted into the rod cobaltocyanide (Descamps). 

Cobalticyanides. M"(Co*)’‘Cy*^ — Several of these salts are described in vol. 
ii. pp. 206, 206. The barium sedt Ba^WCy*- + 20H20 may be prepared by treating a 
mixture of cobaltous sulphate and barium carbonate with hydrocyanic acid ; and in 
this salt the barium is easily replaced by other metals or by compound radicles {e.y. 
phonylammouivjm and tolylaramonium), by treating the solution with the corro- 
sponding sulphates. I»» this manner the following salts have been obtained : 


Na«Co«(Jy«* + 4 IDO 
(NIl«)«CVCy'*' 

(C«H'*N)''CVCy'=‘ . 

(Cai^^Nj^Co^Cy'^ . 

Sr»Co*Cy'« -h 20H'^O 


Large crystals. 

Colourless tables, or with a faint ting* 
of yellow. 

Cry.stals rarely quite colourless, more fre- 
quently with the aspect of smoky topaz. 

Nearly colourless crystals resembling 
nitre. 

Very large crystals, easily soluble in 
water. 


(Weselsky, Wien. Acad. Her. lx. 261 ; Chem. Cenfr. 1870, p. 92.) 

Cobalticyanides containing three metals are detained by leaving mixed solutions of 
the preceding cobalticyanides to crystallise. On evaporating, the triple salt separates 
out if it is less soluble than the mixed double salts, or remains in the mother-liquor 
in tbe contrary case, after tlio latter have crystallised out. These triple salts likewise 
crystallise with very great facility, forming large and beautiful crystals. The following 
have been prepared : 

Ba^(NH*)*Co2Cy»* -f 22H*0 
Ba’^K*Co*Cy‘» + 22H20 
Ba«Li*Co«C^»* -f 30IDO 

3H'o 

The last salt is prepared by mixing one half of a solution of barium cobalticyanide 
with aniline sulphate, the other half with toluidine sulphate, mixing the Altered 
solutions, and leaving the mixture to evaporate ; it forms groups of largo efflorescent 
crj’stals having the colour of beryl (Weselsky). 

A solution of barium cobalticyanido mix(^ with excess of baryta-water and left to 
evaporate under the air-pump, yields the compound Ba*Co*Cy‘*.BaH=0, in somewhat 
unstable crystals which absorb carbonic acid from the air. A mix^ solution of 
cobalticyanide and chloride of bariunt yields the salt Ba*Co*Cy**.BaCl* + 16H*0, 
in tabular crystals more stable than the preceding compound. A warm solution of 
phenylammonium-cobalticyanide saturated with aniline becomes turbid on cooling, from 
separation of the excess of aniline, and the clarified liquid evaporated under the 
air-pump yields the compound (C*H*N)«C6*Cy'*.2(C*H»NO), in groups of faintly 
coloured bulky prisms, somewhat readily decomposible, the aniline being eliminated by 
lioiUng (Weselsky). 

CuFFRR CrJCSWES.—Cupric Cyanide, CuCy’, can be obtained in the pur® state only 
by treating recently precipitated cupric hydrate with hydrocyanic acii It is an easily 
alterable, amorphous, g^n powder, which gives off half its cyanogen at a temperature 
below 100®, leaving white cuprous cyamde, Cu*Cly». The latter melts at a-duU^red 
heat, decomposes at a bright red heat, qiiickly turns dark blue in ammoniacal solution. 


(NH*)‘Na2Co2Cy** 
Ca’XNH*)3Co=Cy'‘' + lOlDO 
Ca*K^Co*Oy>* -h 181DO 
Sr’(NH<)KVCy'* + 201DO 
Sr’K:»Co^Cy»2 -r 18IDO 
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hiid unites with the cyanides of the alkali-metals, forming douMo salts, MCy . Cu*Cy*, 
sparingly soluble in cold water, and easily decomposed by acids, with separation of 
c^rous cyanide. The potassium salt and the ammonium salt (the latter obtained by 
spontaneous evaporation of a solution of cuprous cyanide in ammonium cyanide) 
crj'stallise in anhydrous rectangular prisms, the aqueous solution of which is 
precipitated by mebiHic salts, with formation of analogous double cyanides. Mercuric 
salts give a white, silver salts a bluish-grey, cupric salts a green precipitate, consisting 
of cuproso-cupric cyanide, CuCy*. 2Cu*Cy^ (Luileniaiid, Bull. Soc, Chim. [2] ii. 271 ; 
Cofnpt- rend. lx. 1142 ; Jakresh. 1864, p. 300 ; 1865, p. 391). Accortling to Schiff a. 
Beclu (Bull. Boc. Chim. [2] iii. 373), an ammoniacal solution of the white ammouiacal 
compound 2NH*.Cu*Cy* boiled in an open vessel deposits on cooling shiuihg violet 
crystals of the compound N*H"CuCy*. 2N‘‘lPCu*Cy*. 

Gold Cyakidks. — Potassio^auric iodocyanide, KAu"'Cy’I*, is easily forniod by tlio 
action of iodine on potassio-aurous cyanide, KAu'Cy*’, and may bo crystal lisod from 
warm water, in which it is much more soluble than in cold water. It forms brown, 
shining, long capillary needles. The corresponding bariufn salt forms brown highly 
lustrous scales. The corresponding hro^nine-^ompounds are redilish-yollow ; tlio 
chlorine-eampcmndB nearly colourless. The double aurocyanidos behave with various 
reagents in the same manner as the corresponding platinic compounds (p. 536) ; thus 
the copper siUt Cu''Au*Cy^ ti\kes up bromine without decomposition (Blomstrand, 
Zeitschr. f. Chem. [2] r. 439). 

Irok Cyanides. — T he general formula; of the double cyanides of iron (Fe = 56) 
containing monatomic and diatomic metals may bo illustrate<l by Iho f(»llowing 
examples : 

T. (KWCy* « ^KCy.Fe'Cy* 

FerTocyan.<le8 ^ 2 Ha"Cy^ Fo"Cy « 

„ . lK*(Fon''Cy'’‘ = SKOyOVCy* 

Fomeyanides aBa'CyM'VCy* 

Fe rrocyanidee, — The ammonio-nickel fcrrocyanidc^ which, according to Reynose, 
is <lepo8it^ in violet needles from the solution* of nickel ferrocyanido in excess of 
antmonia, has, according to Qintl (Zcitschr. f. Chem. [2] iv. 525), the oomp^itioii 
Ni^FeCy*. 12NH* r 9H’0. When exi> 08 ed to the air it gives off ammonia, ami is eon- 
vertcul into a light green powder, Ni*FeCy*. 2NII* -f 911*0 ; and at about 100°, into a 
<lark brown powder, Ni*FeCy*. 2NH.* + 4IPO, which at higher temperatures undei^goes 
cctniploto decomposition, giving off water and ammonium cyanide, and leaving a blscfe 
bulky powder consisting of iron, nickel, and carbon. The original violet comtKitliKi 
undergoes the same changes over sulphuric aciil as when exposwi to the air. Heated 
in a current of dry ammonia gas to a temperature not abov'o 100°, it is converted 
into a blue compound, Ni*FeCy®. 8NH* + 4H*0. The crystalline salt deposited fw)m 
ammoniacal cobalt solutions on addition of potassium ferrocyanido undergoes similar 
changes whou exposed to the air or left over sulphuric acj<l (Gintl). 

Boiassiuin Ferrocyanide in neutral solution is oxidised by h^’drogen dioxide to 
ferricyanide, with formation of potassium hydrate : 

2K^FeCy‘‘ + H*0* = K^Fe^Cy’* + 2KHO. 

On the other Iiand, potassium ferricyanide is reduced by hydrogen dioxide to forro- 
cyanide and hydroferrocyanide: 

K«Fe*Cy‘* + H*0* « n*K»FeCy« + KUi'oCy* + O*; 
and on this reaction depends the blueing of a mixture ofjKitassium fei^icyanido and 
ferric chloride by hydrogen dioxide fWeltzien, Ann. Ch. Pnarm. cxxxvui. 129). 

TVisodio-potasM ferrocyanide^ KNa*FeCy* + 9H*0, is obtained, according 

to Reindel (Zeiischr. /. Chem. [2] iv. 601), by the action of sodium hydrate 
on potassium ferrocyanide, or by treating sodium ferricyanide with potash 
and milk-sugar or alcohol. It forms large, shining, light* yellow crystals which 
give off 44 p. c, water at 10°. On exposure to the air it slowly efSoresces; 
over snlphunc acid it quickly gives off the whole of its water. According to 
Wyrouboff (iWd. p. 663), it contains 12 mol. water, like sodium ferrocyanide, 
Na*FeCJy* + 12H*0, with which it is isomorphous. 

JftUfidmm Ferrocyanide (v, 129). 

Thallium Ferrocyanide (v, 748). 

Yttrium Ferrocyanide^ y»FeCy*, ciystallises by slow evaporation of the soluUoiI 
obtained by boiling yttria with Prussian blue, in well-developed non-effloree^nt 
crystals : it dissolves in water with yellow colour; is insoluble In alcohol. Potwi«m 
ferroeyani^ forms in solutions of yttrium salts a gianulo-cry^lline prerirftati^ 
which when dried is a heavy, white, soluble powder probably consisUng of (Y A*)Fe(y 
(Popp, Aim. Ch. Pkerm. cxxxi. 179). 
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Ferricyanides.—Ammcmium Ferricyanide, is used in printing 

calico with aniline bLock. AmrMnio-yoicuisic fei-ricyanide, (NH^)^K*Fe2Cy«, is obtained 
by boiling a solution of 8 grms. potassium ferricyanido and 4’85 grms. ammonium 
sulphate in 10 litres of water, and carefully evaporating the filtered mother-liquor. 
It* crystallises in oblique rhombic prisms, soluble in 1*8 pt. water at ordinary 
temperatures (Schaller, Bull, Soc. Chiui. [2] ii. 93). 

Silver Ferricyanide . — An ammoniaeal compound of this salt, Ag^Fe’Cy’* . 3NH* + aq., 
of dingy carmine-rod colour and crystalline structure, is produced by gradually adding 
aqueous ammonia to moist, recently precipitated silver ferricyanide, or by adding 
potassium ferricyanide to a solution of silver mixed with a quantity of ammonia just 
sufficient to form a clear liquid. The compound is quite insoluble in water, either cold 
or hot, but is partially decomposed by hot water. Dilute acids decompose it, abstracting 
all the ammonia. With caustic alkalis it yields ammonia, silver oxide, and an alkaline 
ferricyanide, which by further action is decomposed, with separation of ferric oxide 
and formation of argento-pobissic cyanide. It dissolves in excess of ammonia, forming 
a yellow liquid which decomposes, especially when heated or exposed to light, with 
evolution of nitrogen and separation of silver forrocyanide : 

6(Ag«Fe2Cy'^3Nn») = 9Ag*FeCy« + 3(NH*)<FoCy8 + 2NH* + 2W. 


The same decomposition is produced by water, with aid of light or heat, ammonia 
being first separated, and then acting as above (Gintl, Zeitschr. f. Chem. [2] v. 702). 

N itroforricyanides or Nitroprussidos ^PFe(NO)Cy^ — Hadow {Chem. Soc. 
J. [2] iv. 341) supposes that these salts contain the radicle instead of NO, on the 
ground that nitrogen dioxide lias no action on a solution of potassium ferricyanido 
acidulated with sulphuric acid, whereas on passing nitrous acid vapours (from nitric 
acid and starch) into tlio solution, a nitroforricyanide is formed. Stadeler, on the other 
hand {Zeitschr. f. Chem. v. 559), maintains the correctness of Gerliardt’s formula above 
given, and explains the formation of the nitroferricyanidos in Playfair’s reaction (i I . 
250) by supposing that the nitric acid first converts the forrocyanide into ferricyanide, 
and is itself reduced to nitrous acid, which then transforms the ferricyanide into nitro- 
prusside ; thus : 

2H^reCy« + HNO» = IPFe’Cy'* -f HNO« + H®0 

and 


n-Fc^Cy’^ + 2HNO* = 2lDFe(NO)Cy» + 2H20 + Cy*. 


Hadow further adduces, in support of his view, the fomuition of potassium nitroferri- 
cyanide, together with potassium chloride and mercuric cyanide, by digesting a solution 
of potassium ferricyanide with mercuric chloride, acetic acid, aiid an alkaline nitrite, 
supposing that the reaction takes place as shown by the equation ; 


K«Fe«Cy'* HgCP + 2N*0» = 2K2Fe(N^O»)Cy® + HgCy’ + 2KC1. 

Perricyanide. Nitroferricyanide. 


According to Stadelcr, however, the mercuric chloride is by no means essential to this 
reaction, the nitroferricyanide being produced eve i more readily when a solution of the 
ferricyanide mixed with potiissium nitrite is acidulated with acetic acid, or better with 
a dilute mineral acid, and left to stand for some time or ^boiled, the reaction taking 
place in the manner previously explained. 

Weith {Zeitschr. f. Chem. [2] iv. 104) assigns to sodium nitroprusside the formula 

bases on the fact that wlien nitroprussides are boiled with 

alkalis, ^ of the iron is separated as oxide, and a quantity of nitrite is formed corre- 
sponding to 8*89 to 9*19 p. c. NO in the nitroprusside. Stadeler shows, how- 
ever, that the reaction may be equally well explained by Gerhardt’s formula ; 
thus: 


6Na*Fe(NO)Cy* + HNaHO = FeH='0> + 5Na<FeCy« -f 6NaNO» + 6H*0. 
Sodium nitro- Sodium Ferrous Sodium ferro- Sodium 

prtMside, hydrate. hydrate. cyanide. nitrite. 

The orange-coloured precipitate formed in ferrous salts by potassium cyanide is, 
according to Stadeler, a potassio-ferrous cyanide, KFe’Cy*, formed according to the 
equation : 

2FeSO* -I- 6KCy - 2K^SO* -f KFe*Cy*. 

When heated with a solution of potassium nitrite, it is converted into nitroferricyanide ; 
thus: 

KFe*C)^ -I- NOOK » FeO + K=*Fe(NO)Cy». 
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The iron is however predpitated, not as ferrous, but as ferric oxide, and at the same 
time ammonia is evolved, these results being due to the oxidising action of the nitrite 
and the nitroferricyanide. If a solution of ferrous sulphate bo first precipitated with 
an alkali, and the precipitate then treated with potjissium nitrite, it becomes dingy 
green, and is converted on heating into black ferroso-ferric oxide, with copious evolution 
of ammonia : 

9FeO + NO»K + 2H*0 == Nn» + KOH + 3Fo»0«. 

If a solution of potassium nitroferricyanide mixed with alkali be shaken up for a few 
seconds with ferrous sulphate without lioating it, the whole of tlio iron soparatos ns 
ferric oxide, oven if 4 or more equivalents of ferrous oxide are present to 1 oq. of 
nitroferricyanide (Stadeler).^ 

The orange-coloured precipitate of potassio-forroiis cyanide is resolved, by l>oiling 
with potash out of contact with air, into ferrous hydrate and potassium forrocyanido 
(Fresonius, Ann, Ck, Phnrm. cvi. 210) : 

6KFo*Cy^ + 14KOH - 7FolPO^ + 5K^FoCy«. 

Manganese Cyanxi>ks. — T he cyanides of manganese unite with the cyanides of 
the alkali-metals and alkaline carth-metals, forming conip<mnds analogous to the ferro- 
and forri -cyanides. 

Manganocyanides. M^Mn''C 3 '® (Eiiton a. Fittig, Ch. Pharm. cxlv. 157; 

Jahresb. 1867, p. 373; Decamps, Hull. Soc. Chim. 1868 [2] ix. 4i:i). — These salts 
are easily oxidised on exposure to the air and convorto«i into manganicyanides. 

Potassium Manganocyanidcy K'MnCy* -+• 31DO, is prepared: 1. Hy digesting 
manganous carbonate or cyanide (the precipitate obtained by adding potassium cyanide 
to a manganous salt) with a concentrated solution of potassium cyanido li 0 >vte<l to 
4O°-50°. The liquid filtered after an hour deposits the mangjinocyanido in crystals. It 
is also produced by reducing the manganicyanido with sCHlium-amalgam (Descamps). — 
2. By digesting solid potassium cyanido with a strong solution of manganous acetate, 
a green precipitate is formed, at first consisting of the compound KCy.MnCy*; 
but this grodujvlly disappears, and the surface of the liquid becomes covered with a 
layer of dark blue crystals of hydrated potassium manganocyanido, which give off their 
water when dried over sulphuric acid (Iiljiton a. Fittig). Potassium manganocyanido 
crysbilliscs in square tables of a deep violet colour, which doconqvoso in contact with 
the air into potiissium manganicyauide and manganic oxide. When healed in the air 
it yields manganic oxide and pf)tas8ium cyanate. Its solution in potassium cyanido 
gives a violet precipitate with zinc sedfs. When treated with water it yields a green 
precipitate identical with that which is produced in the first instance on digesting solid 
potassium cyanide with manganous acetate. This same precipitate, KCy.MnCy*, is 
also formed when a manganous salt is added in excess to a strong solution of potassium 
cyanido, and when a manganous salt is added to pcjtassium manganwyaniefo. From 
this last mode of formation Descamps infers that it consista of 7nanganopotassuf 
manganocyanide^ (MnK*)MnCy®. 

Sodium Manganocyanide^ Na*MnCy* + 8H*0, obtainwl, like tlie potassium salt, by 
mixing a solution of sodium cyanide with manganous acetate, diss«dving the resulting 
blue-grey precipitate in excess of sodium cyaniefe, and cooling the concentrated solution, 
forms large transparent amothyst-retl octohedrons, or, if crystallised from a solution 
containing alcohol, long spicular crystals. An ammonio-manganous manganocyanides 
Mn(NH*)*.MnCy*, has been obtained in the same manner as the corresponding potas- 
sium salt. Barium Manganocyanides Ba*MnCy* (at 100®), prepared like the sodium 
salt, crystallises in concentric groups of blue crystals more stable than the potassium 
and sodium salts. The calcium salt Ca’MnCy* separates os a blue crystalline 
precipitate on adding alcohol to a mixture of manganous acetate and calcium 
cyanide. ' 

Manganicyanides^ M*Mn*Cy**.— These salts, partly described inrol. ii. p. 253, 
have been further examined by Eaton a. Fittig {loc. cit.'). They are produc^od by the action 
of the air or of heat upon the manganocvanidM. The solutions of the potassium and 
sodium salts form a blue precipitate witn ferrous salts ; rose-coloured precipitates with 
zinc and cadmium salts ; all these precipitates quickly decompose. The .potassium 
salt forms anhydrous red-brown pnsma or tables. The sodium salt Ka*Mn*Cy** 
crystallises, with 8 mol. water, in octohedrons which are nearly black by reflected, pale 
violet by transmitted light ; or with 4 mol. water in red pnsms. The barium saijt 
Ba»Mn*Cy**, and the calcimt salt Ca*M:n*Cy*», are obtained by spontaneous evaporation 
as light red crystalline masses. 

PAXEAninif Ctanix>bs (Bossier, Zeitschr.f. Chenu [2J ib 175; Jahresb, 1866, p« 
290). — ^PaUadions cyanide, PdCy*, is not decomposed by acids or by merciiric oxide ; 
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it dissolves in ammonia, forming palladammoniitm cyanide, (N*H®Pd")Cy* and Tn 
potassium cyanide, forming a double salt ; its solution in hydrocyanic acid leaves the 
unaltered cyanide on evaporation, 

Poiassio-^ladioua cyanide, 2KCy.PdCy2, crj’stallises with 3H*0 in colourless 
monoclinic prisms, or step-like aggregates of pyramidal forms, which give off 2 mol. 
water on exposure to the air. The sodium salt, 2NaCy . PdCy* + SH^O, separates 
from the solution of palladium cyanide in prussic acid and caustic soda, in crysUls 
isomorphouB with those of the potassium salt; the two salts crysUilliso together from 
a mixed solution in alightly efflorescent neetlles. The barium salt, BaCy^.PdCy* + 
4H^, obtained by decomposing the corre-spondiug copper stUt with baryta-water, 
forms largo monoclinic crystals. The calpium salt CaCy-'. PdCy’-' -I- 4H'^0, and tho 
magnesium salt, also with 4 mol. water, are prepared like the sodium salt, and crystal- 
lise in needles. 

Tho double palladious and platinous cyanides are isomorphous and crj'stjilliso 
together from solution. A sa//, MgPdCy* . MgPtCy^ •+• 14n®0, crj'sUillisi's 

with difficulty in very soluble tufts of omngc-red needlo.s, which become emenild- 
green at 100 , then colourless, and at 200'^ giro off all their water and turn loinon- 
yollow. On moistening or breathing upon them, the same series of colours is pro- 
duced in tho reverse order ; tho solution is quite c<dourless. 

Platinum Cyanides. — A perfectly neutral solution of platinous chloride forms 
with mcrcuric-cyanide a yellowish- white flocciilent precipitate of p 1 a t i n o u s c y a n i d e, 
PtCy*, which dissolves in hydrocyanic ackl, and is precipitated therefrom only ufter 
long boiling. This reaction does not interfere with the separation of pallafliuni and 
platinum by mercuric cyanide, because tho platinum in the solutions is always 
present, not as platinous, but as platinic clilorido, which is not affected by mercuric 
eyanido. Tho precipitahility of plalinons chloride by this reagent affords the means 
of preparing all tho platinous double cyanides directly and free from admixtnn^ 
namely by precipitating an exactly ncutmlised solution of platinous chloride with 
mercuric oyaiiide, and treating the precipibite with hydrocyanic acid, with addition of 
the base to l;e introduced (Rossi er, loc, dt.). 

Pitschoiiior {Wien. AJead. Her, i. [2] 373; Jalirosh. 1865, p. 293) has descnl)ed 
tho cryst4ilUno forms of certain plati nocyan ide.s prepared by Schrbttor. The 
rubidium salt forms greenish-yellow, slightly fluorescent, monoclinic prisms ; the 
rubidio-bario salt, yellowish-white monocliuic prisms; tho ammoniinn-magnesium salt 
(NU^)^PtCy^.MgPtCy^ -H 6IPO, cherry-rod, strongly fluorescent crystals belonging to 
the rhombic system, 

Potassio-platinnus cyanide, K^Pf'Cy*, takes up imliiio with groat facility, forming 
potassio-platinic iodonjanidc, K'^Pt'^T^fy^ or 2KI.PtCy*, which separates in large 
t)fown shining crystals. When treated with chlorine and bromine, it gives up iodine, 
and is converted into the corresponding chloro- or bromo-cyanide. Similar Halts of 
other electro-positive metals are easily (3)tained. BaBr^.PtCy* crystallises in large, 
apparently quadratic tables; the zinc salt in culws ; the copper salt CuCP.PtCy* in 
small quadratic pyramids. The hydrogen salt 2HBr.PtCy^ is very soluble and 
crystallises in needles. Chlorine acts on bario-platinous cyanide, RiPtCy*, in the 
same manner as tho corresponding potassium salt (ii. 265), converting it into the 
platinic cyanide BaPtCy*. Bromine acts upon tho potassium salt, not on the barium 
salt; the zinc salt takes up chlorine without perceptible decomposition ; but if thb 
potassium salt l>o first mude to unite with i<^ino, this element may afterw-ards bo 
replaced by chlorino without further decomposition. When bario-platinous cyanide 
is heated with water or boiled with excess of silver nitrate, tho chlorino is simply 
removed and not replaced ; the chlorine may also bo removed by reducing agents 
(Blomstrand, Zeitschr. f. Chem, {2] v. 439). 

Silver Cyanide. — By heating this compound with ammonia, or any metallic 
«yanide with an ammoniacal solution of silver, argentaninionium cyanide, NH*AgCy, 
ie obtained in lai^e monoclinic crj'stals, very much' like those of selenite. In contart 
with water they decompose with a hissing noise, and give up all their ammonia 
<Weith. ibid, 380), m 

Thallium Cyanides (v. 748), — Thallio-pdatinoue Cyanide, 2TlCy.PtCy*t^Jp 
obtained by spontaneous evaporation of a solution of thallium carbonate in hydro- 
platinomi cyanide, in blood-red needles with metallic-green surface iridescence 
(Carstaivjen, JaAresb, 1867, p. 281). 

Detection and Estimation of Cyanogen in Cyanides. — Frohde (Pt^g- Ann. exur* 
817) recommends for the detection of cyanogen in solid compounds, the conversion 
uf the latter into sulphocyanates, by f^iou with sodium hyposulphite. A small 
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quantity of the anhydroua hyposulphite is fhsed in a test-tube or in the loop of a 
platinum wire, with a trace of the substance to be tested, till sulphur begins to 
volatilise, and the fused m8U3t< is dipped into a few drops of ferric chloride solutiou, 
whereupon, if cyanogen is present, the well-kuown blood-rod colour is produced. 

To apply this method to the quantitative analysts of double cyanides, the compound, 
carefully mixed with 4 or 5 pfcs. of barium hyposulphite, is heated in a covered 
porcelain crucible till the vapours begin to burn on lifting up the lid, and the mass 
lij treated with water. The residual metallic sulphides are dissolved in hydrochloric 
or nitromuriatic acid; the metals are determined by the usual methods; tlio 
filtmto, freed from baryta by a few drops of ammonium sulphate, is supersaturated 
with hydrochloric acid and, evaporated ; and the residue is ignited with sal-ammuinao 
U) convert the sulphate into chloride (Frbhdo, Ztitschr. anal. Cht m. iii. 181). 

To (letoct cyanogen in presence of chlorine, the solution may bo precipitated with 
silver nitrate and the precipitate digested with mjueous potash. If a cyanide in 
present, the diluted filtrate yields a precipitate when suptTsaturatod with nitric acid 
(Harff, Lahoralori/, p. 345). 

CYiUSSmrS. See Chtnolixe-hlue (p. 431). 

CTAirOOBVr. The moloculo of free c3’an(>gon is reprc.sontod by the formula 

C-N 

Ln 

On the formation of cyanogen sec Cvanidks (p. 531). Frbhdo is of opinion that 
the floleterious action of the fumes of burning carbon may bo due, not only to the 
oxides of carbon, but likewise to cyanogen produced in the combustion ; in the 
imperfect combustion of coal ho has detected cyanogen by the smell {Zeitschr. f, 
Chfm. [2] ii, 540). 

Troost a. Ilautefeuille (Compt. rend. Ixvi. 735, 795 ; Zeitschr. f. Chem. [2] iv. 420) 
have studie<l tiio formation of cj'anogen and paraej'anogen by the decomposition of 
the cyanides of mercury and silver, and have obtained results differing in several 
particulars from those of Thaulow (iv. 342). When mercuric cyanide is docompfised 
in sealed tubes at dilforont tomporatures, the relative quantities of cyanogen and 
paraej-anogon produced vary according to the temperature and pressure, the largest 
proportion of paracyanogon being formed at a comparatively low temperature (350*^) 
and under high pressure. Silver cyanide begins to decompose at a little alxivo 350®, 
When slowly heated to 440®, and kept at that temperature for some time, it decom- 
poses without fusion or incandescence. If the docomixisition be performed in a 
vacuum, 17 p. c. of the cyanogen evolved is convertod into paracyanogon ; under 
ordinary atmospheric pressure, 20 p. c. ; and in sealed tubes under a pressure of 
00 atmospheres, 64 p, c. If the silver cyanide be slowly heated to 600® under 
the ordinary pressure, it likewise decomposes without fusion or incandescence, but 
Iwjth these effects are produced when it is very quickly heated. In both cases, 
however, more than half the cyanogen is evolved lis gas, the quantity of parac^'anogon 
formed never exceeding 41 p. c. When the cyanide is heated to the same temperature 
in sealed tubes, the pressure then amounting to about 80 atmospheres, 76 p. c. 
paracyanogen is obtained. The parocyanogen is merely mixed, not combined, with 
the r^uced silver, for the latter may be easily extracted by trituration with mercury. 
The cyanogen gas obtained from silver cyanide has exactly the same properties as 
that from mercuric cyanide. 

The best way of preparing paracyanogen is to heat mercuric cyanide in 
portions of 5 grms. in sealed tubes to 440® (in boiling sulphur) for 24 hours. About 
40 p. c. of the cyan^n is then converted into paracyanc^en, which at that 
temperature remains quite unaltered. It may be freed from mercury by heating it to 
440® in a stream of cyanogen gas. 

Paracyanogen hcat^ to 860® is completely converted into gaseous cyanogen, which 
condenses to a liquid in the colder^rts of the sealed apparatus. When heat^ in a 
vacuum to only 440®, it gives off gaseous cyanogen condensed in its pores, but tbS 
actual conversion of the parac^^anogen into-cyanogen does not begin till it is heated to 
about 600® ; above 560®, a perceptible thoimh very slow decomposition into carbon 
and nitrogen tahan place, i&penments ma£ between 602® and 640® showed that 
paracyanogen, within certain limits of tempen^e, is partially converted into 
<^yanogen, and that this conversion attains its limit as soon as the mnogen mft/k 
upon the paiacyanc^gen a pressure determinate for each temperature. The convecsioo 
of paracyanogen into cyanogen takes place very quickly, but that of cyanqgen fpto 
paneyanegen is very slow. The most favonrable temperature for the convefsioii dt 
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^nogea into pftiflc/niiogeii is about 500»; bat it takes place at 440o, or ena .t 
360°, though very slowly. 

Beae^ions of Cyanogen.— When cyanogen gas is passed into strong aqueous 
hvdrocUeyrio acid, the liquid after some hours deposits crystals of oxamide, 
while a small quantity of ammonium oxalate remains in the liquid. 
Strong aqueous hydriodic acid treated with cyanogen also Teiy quickly yields 
oxamule, iodine being likewise separated, while hydrocyanic acid and ammonium 
iodide remain in solution (Schmitt a. Glutz, Zeitschr.f. Chem. [2] iv. 480). According 
to Berthelot {Jahresb. 1867, p. 347), cyanogen and aqueous hydriodic acid yield as 
chief products ammonia and ethane : 

C*N* + 6H* = 2NH> + C*H», 


together with oxalic acid and its products of decomwsition. When a mixture of 
cyanogen gas with 12 vol. hydrogen iodide is heated for an hour to dull redness, 
the cyanogen is resolved into nitrogen and carbon, which latter is deposited in 

graphitic scales. . , , . 

Nascent hydroaen, evolved from hydrochloric acid and tin, converts cyanogen into 
ethylene-diamine, + IP = N\Gm^)"R* (Fairley, Cheyn. Soc. J. [2] ii. 

362). 


^YAKOOBW B»01«XBB. CNBr. — This compound may bo prepared in the 
same manner as the solid chloride {infra) by passing bromine- vapour into a mixture 
of 1 pt. hydrogen cyanide and 4 pto. anhydrous ether (Gautier). The crj-stals 
CNBr, heated in a sealed tube to 130°- 140° for six or eight hours, are converted, with 
partial decomposition, into an amorphous mass coloured yellowish by free bromine. 
Tlie same product is more easily obtained, and as a perfectly white mass, by heating 
the crystallised bromide with anhydrous ether. It is a polymeric modification, most 
probably C*N*Br*, insoluble in benzol and absolute alcohol, nearly insoluble in 
anhydrous ether, melting at a temperature above 300°, and boiling at a still higher 
temperature, but apparently not volatilising without decomposition. When exposed 
to moist air or heated with water to 100° in a sealed tube, it is converted into 
cyanuric acid (Eghis, Zcitschr. f. Chem. [2] v, 376). ^ 

The groat diversities of molting point (4° to 40°) assigned by different chemists to 
ordinary cyanogen bromide (ii. 277) may perhaps bo attributed to admixture of this 
polymeric modification. 

CTASrOOBM' CHXiOMBB. The liquid chloride has, according to Salet {Bull. 
Soc. Chim. [2] iv. 105), the vapour-density 213, whence its molecular formula is CNCl 
(calc. 2T29): it follows therefore that the gaseous chloride is merely the vapour of 
the liquid chloride. Gautier {ibid. v. 403) prepares the liquid chloride by rapidly 
passing chlorine into a mixture of 1 pt. hydrogen cyanide and 4 pts. water, contained 
in a retort connected with an inverted condenser. If the stream of chlorine bo 
interrupted as soon as the liquid turns green, the formation of the intermediato 
compound, 2CyCl.CyH, is prevented, and the whole of the hydrocyanic acid is 
converted into the oily chloride. The product is purified by distillation over mercuric 
oxide as in Wurtz’a method (ii. 280). 

Aocoiding to Regnault, liquid cyanc^en chloride boils at 12 66°, under a pressure 
of 760 mm. and solidifies at about —7° {Jahresb. 1863, pp. 70, 74), 

To prepare solid cyanogen chloride, C*N*C1*, Gautier passes a slow stream of 
chlorine into a mixture of 1 pt. hydrogen cyanide and 4 pts. anhydrous ether. 
Viscid drops are then formed, which soon solidify, even if there is no .excess of 
chlorine present. After 24 hours’ rest, there is obtained an aggregate of well-defined, 
apparently monoclinic crystals, having the consistence of wax. If the solution of 
the hydrogen cyanide is too concentrated, or the stream of chlorine too rapid, or if 
the liquid be heated, the product obtained after evaporating the ether is a pasty 
deliquescent mass, which gives off hydrochloric acid on exposure to the air. Solid 
cyanogen chloride melts at 140° and solidifies again at 130°. 

OTAWOaaV saunmil^ (CN)>Se, is formed on introducing silver cyanide 
into a solution of selenium bromide in carbon bisulphide. It is sparingly soluble in 
that liquid, and crystallises therefrom in colourless or light yellow laminae havii^ a 
satiny lustre. When exposed to moist air, they turn red from separation of TOlenium. 
Boiling water decomposes the compound immediately into selenium, selenious iwid, 
and hydrocyanic acid ; ftised with potash it gives off ammonia and leaves a red residue 
of potassium selenide (R. Schneider, Fogg. Ann. cxxix. 364). 

CTAVOOBir BmUPBXBBf (CN)^, is formed in like manner (together with an 
easily .decomposible compound) by adding 2 pts. silver cyanide to 1 pt. sulphur 
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chloride mixed with 10 to 12 pts. carbon bisulphide, and soparates f5rom the heated 
and filtered liquid in colourless laminae having a pungent odour. It decomposes 
gTKintaneoiisly, losing its penetrating odour, and yielding a yellow substance, probably 
psoudosulphocyanogen (Schneider, loc. cit . ; also Zeitschr,/, Chem. [2] iv, 601). 


CTAinnUC ACXn. C*N*H’0*. — Formation from cyamelido (p. 617). TIio 
crystals of anhydrous cyauuric acid thus obtained are quadratic octohodrons 
(Voit, Jahresb. 1864, 305); those of the h3’drated acid are monoclinio (ii, 289). 

CTAinnuCC BTKSIIS. The cyanuric ethers described in vol. ii. pp. 292-294 

are properly carbo-triamidcs, €.ff. ft®d are resolved by boiling with alkalis 

into carbonic acid and the corresponding inonamines. The true cyanuric ethers or 
tN* 

alcoholic cyanurates, C* recently been discovered by Hofmann {Dmt. 

Chem. Ges. Ber. 1870, 269 ; Zeitschr. f. Chem. [2] vi. 492). They are fonnod, together 
with the alcoholic cyanates (p, 519), when gaseous cyanogen chloride is passed into a 
s<'lution of sodium methylate, ethylate, &c., in the corresponding alcohol, and are 
resolved by boiling with alkalis into cyainirie acid and in aleoliol ; e.g, (CN)*(OCH")* 
+ 311*0 = (CN)*(01I)* + 3CIPOH. Phenyl cyaiiurjvte, (CN)»(0C«1I*)», jb obtained 
by the action of cyanogen chloride on sodium phenato dissolved in absolute alcohol. 
All these ethers are crystalline. The formation of the methylic and el hylic cyanurates 
is accompanied by that of <‘lhcrs of amido- and diamido-cyanuric acid. 


CTAPBBirXSrB. ^jC^IPN. Kyaphenine (iii. 449). — This compound, which 
Cloez obtained by heating potas.sium cyanate with benzoyl chloride, is also producetl 
by heating benzonitrile bromide, COPNBr (or the precipitate thrown down by water 
from the alcoholic solution of the crude product obtained by the action of bromine on 
benztmitrile), with lime; also by heating this brumalo by itself to 160°-160^: 
consequently it is always found amongst the products of the action of bromine on 
benzonitrile (Engler, Ann, Ch. Pharm, cxxxiii. 137). 

Cloez assignecl to cyapheniiie the formula regarding it as an analogue of 

cyanethine, ; but according to Engler {ilM, cxlix. 310), this supposed analogy 

dues not rest on any satisfactory foumlation. Cyaphonino does not appear to form 
salts with acids ; it does not give off ammonia when boiled with alcoholic potash, and 
only traces when heated therewith in soalnl tubes to 160^ [the ammtinia which 
Cloez obtained was perhaps derived from the decomposition of admixed benzonitrile] ; 
and when heated with a largo excess of fuming hydriodic acid in sealed tubes to 220®, 
it yields only benzoic acid (not a polymcrido thoroof) and a very small quantity of an 
oil, probably hexane. 

CTMCBWB. C'U**. — See Bkkzenk, Homolooues of (p. 302). 

CTBtZXmrB. This l^sse, discovered by Barlow and obtained by reduction of 
nitrocymene, is isomeric (not identical, as stated in vol. ii. p. 297) with monocymyl- 
amino, which is produced, bjgether with di- and tri-cymylamine, by the action of 
ammonia on cymyl chloride, RegartUng cymeno as methyl - propyl - benzene, 

( CH* 

the difference of structure between the two isomeric bases may bo repre- 
sented by the following formulae : 

Cymldine. Oymylamine. 

CrntTOSJETB* A zirconiuip silicate found in the granite of Bockport, 
chusetts, in brown-red crystals similar to those of the zircon of Expailly, but having 
their end-faces enrved (hence its name). Sp. gr. 3’89& to 4*04 (Cof>ke) ; 8*850 to 3*970 
(Knowlton). Hardness, before ignition, 5 to 5*5 ; after i^ition, 7 to 7*5. Gives by 
analysis, 26*18 to 26*48 silica, 60 00 to 61*33 zirconia, and 4*55 to 4*58 water, together 
with sm^ quantities of the oxides of the cerium metals, iron, uranium, and tin, and tracee 
of copper, manganese, magnesium, and fluorine (Knowlton, 8Ul, Am. J. [2] xlir. 224 ; 
1867, p. 988). 

CTTJUUarau (Husemann a. Marm5, Zeitschr. /. Chem. [2] i. 161 j 

Husetnann, find: r. 677).— A poisonous alkaloid occurring; in the ripe seeds oi Cytim$ 
Laburnum^ and other species of the same genns ; obtained in an impure state by 
Chevallier a. Lassaigne (ii. 801). To obtain it, the extract of the seeds prepared wita 
slightly acidulated water, purified by precipitation with basic lead acetate, and 
evaporated, is mixed with tannic acid ; the resulting precipitate, mixed with liUiarge 
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ADd dried over the water-bath, is treated with alcohol, which dissolves ontthecytishe* 
and the solution evaporated to a syrup is strongly acidulated with nitric acid mid' 
boiled with 6 to 8 vol. absolute alcohol. The solution thus obtained, after being 
decanted from a resinous body which separates on cooling, yields an abundant crystal- 
lisation of cytisine nitrate, which, by repeated crystallisation from boiling water, is 
obtained in large colourless well-defined crystals. This salt dried, pulverised, and 
boiled with highly concentrated potash-ley, yields cytisine as a clear colourless oily 
layer which solidifies on cooling. It is then removed, rinsed with a little cold water, 
again fused with potash, and after separation and rinsing as before, is left for some 
time in an atmosphere containing carbonic acid, to convert the free potash which 
adheres to it into carbonate ; lastly, it is dissolved in absolute alcohol, and the solution 
is evaporated to a syrup, whereupon it solidifies on cooling to a dazzling white crystal- 
line mass. 

Cytisine is not deliquescent. It has a bitterish caustic taste, melts at 154'5® (corr.), 
and sublimes when cautiously heated in very thin flexible needles or laminae. It 
dissolves in water and alcohol in almost all proportions, but is nearly insoluble in 
ether, chloroform, benzol, and carbon bisulphide. It is one of the strongest of the 
vegobo-alkaloids, expelling ammonia from its salts even at ordinary temperatures. It 
does not reduce cupric oxide. 

Cytisine is a polyacid base. The only one of its salts that crystallises well is the 
filtrate, C^®II^’N*0 . 2HNO* •+• 2H‘‘^0, which separates from water or dilute alcohol in 
thick transparent prisms. It lias a more bitter taste than the free base, dissolves in 
less than its own weight of boiling water, and crystallises out almost completely on 
cooling. It is slightly soluble in ililute alcohol, quite insoluble in absolute alcohol 
and in ether. The sulphate, phosphate, formate, acetate, propionate, butymte, 
valerate, oxalate, and tartrate, are all deliquescent and impossible or difficult to 
crystallise. 

The hydrochloride is easily soluble in water, less soluble in absolute alcohol. The 
solution evaporated over the water-bath leaves a salt which, after drying at 120°, 
contains C*®H*'N*0 . 3H01. The platinochloride^ C*®H*^N*0 . 2HC1 . PtCl^, is precipi- 
tated in orange-yellow flocks, gradually changing into an aggregate of microscopic 
noodles. The motiicr-liquor yields on evaporation light yellow crystalline nodules 
containing C’®H‘^»N*0.4HCl.PtCK The aurochli/ride, C^®H*^N*0.2HC1.2AuCl>, 
forms tufls of slender noodles. Mercuric chdoride forms no precipitate in solutions of 
the hydrochloride ; but on lulding it to a solution of the free base containing not 
more than 1 pt. in 1,000, it throws down a whito precipitate of the compound 
- 2HgCl*, which gradually changes into ha rfl roundish crystalline masses, 
easily soluble in hydrochloric and in nitric acids. 

Boactions of Cytisine. — Potassio-cadmic iodide and potassio-mcrcuric iodide 
produce, even in very dilute solutions of the nitrate, white flocculent precipitates, after- 
wards becoming crystalline. A solution of iodine in potassium iodide forms in the 
weakest solutions, a dark red-brown precipitate, amorpnous at first, but converted on 
standing into beautiful dark rod trjvnslucent prisms. Bromine-water is an equally 
delicate test, producing a fiery orange-yellow precipitate, and a slight turbidity oven in 
solntions dilntod 15,000 times. Sodium pnosphomolyhdate forms in the strongly 
acidulated solution a yellow precipitate ; tannic acid foitas little or no precipitate in 
acid solutions, but in a solution neutralised with soda it forms a copious white floccu- 
lent precipitate. An alcoholic solution of picric acid forms with the free base or the 
nitrate, a light-yellow precipitate which soon becomes crystalline. Strong eulphwric 
acid dissolves cytisine without colour. On adding to the solution small pieces of 
potaeeium dichromate, it assumes a pure yellow colour, changing to dirty brown and 
finally to green ; sodium molybdate produces no alteration ; a drop of nitric acid colours 
the solution orange-yellow after a few minutes. 

The unripe seeds and pods of the laburnum contain another basic substance called 
laburni ne, likewise poisonous, but less powerfully basic than cprtisine. To obtain 
it, the aqueous extract, purified with basic lead acetate, is precipitated by sodium 
phos|diomolybdate, and the precipitate, after drying with chalk, is boiled with alcohol. 
The base serrated, for further purification, from its platinum salt, forms light ciyetal- 
line groups of hydrated monoclinic prisms. It is very soluble in water, dissolves witk 
difficulty in alcohol, scarcely at all in ether, and gives off ammonia when treated with 
potash, even at ordinary temperatures (Husemann a. MarmS, loc. cit.). 
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S>AOXTS< Orcenstonc-tri\ch 3 rtc occurring at several localities in Transylvania 
1867, p. 1020). 

BABKA&mtXC AOZB. — An acid of the acrylic series, extracted by 

Statleler (ii. 301), together with damolic acid, from cows' urine. According to W. 
Werner Chcm, [2^ iv. 413), it crystallises in rhoinbo'idal needles melting at 

60°-53®, or by evaporation in a vacuum, in prisms which melt at 39°-40® when 
rticently crystallised, but whose melting point rises to 60° after they have been 
exposed for some time to the air. This prismatic modification is optically laevogymto, 
the ordinary modification dextrogyrate. 

Uamnluric and damolic acids are obtained in the same preparation as taurylic acid 
(v. 701). The oily mixture of these acids is agitated with sodium carbonate ; the 
evaporated saline solution, freed from taurylic acid by agitation with ether, is dis- 
tilled with sulphuric acid ; and the distillate is saturated with barium carbonate. The 
filtered solution deposits, first crystals of barium damolate, then the damalurato— from 
which the pure acid may be obtained — and lastly salts of fatty acids more or loss 
impure (Stadeler). 

BAMBOXrZTB. Cai"0» (A. Girard, Covipt rend. Ixvii. 820).— A crystallised 
saccharine substance existing in a peculiar kind of caoutchouc exports from the French 
colony of Gal)oon on the west coast of Africa. This caoutchouc, which differs in 
appearance from other species, is not obtained from trees of the genus Ficus, or from 
Eupliorbiaccse, but from climbing plants the botanical species of which is unknown. 
The exuded juice, coagulated by exposure to the air, is kneaded into loaves called by 
the natives n'dambo. These loaves often contain a white liquid which gradually alters, 
the c^ioutchouc then losing ite valuable properties. A quantity of the caoutchouc thus 
altered having been heated to convert it into tar, the workmen observed, amongst the 
condensed volatile pnxlucts, a white sweet substance crystallised in needles. This 
Buhstanco is damlx)nito ; it exists roiuly-formod in the Gaboon caoutchouc. The pure 
recently imported caoutchouc-juice, if evaporated at a gentle heat, dries up to a 
coloured crystalline mass, from which the pure dambonite is ojisily oxtroctotl by solution 
in alcohol. The sample examined by Oirsird yielded 0 6 p. c. 

l)amlK>nito is white, ciisily soluble in wat<?r and in alcohol of ordinary strength, 
sparingly soluble in absolute alcohol. It melts at 190°, and when cautiously heated 
sublimes at 200°~210‘^, without decomposition, in long slender shining noedlos. From 
alcohol it crystallises in six-sidod prisms; from water, with difficulty, in oblique 
prisms containing 2C®H®0*. 311^0. f>i lute sulphuric acid does not act upon it; the 
hot strong acid carbonises it ; cold nitric acid dissolves it without alteration ; hot 
nitric acid oxidises it to oxalic and formic acids. Concentrated alkalis do not act 
upon it oven at 100°, but they considerably diminish its solubility in water. Lime- 
water, baryta-water, and load acetate give no precipitates. It does not reduce 
alkaline cupric solutions, and is not susceptible cither of alcoholic or of lactic fennon- 
tation. It unites with potodsium iodide ; a mixture of the warm alcoholic solutions of 
tlie two bodies deposits, on cooling, beautiful crystals of the compound KI . 

BAXCBOSa. C*H*0* (Gerard, loc. ciL ). — Dambonite is decomposed by hydri6dio 
acid, even at ordinary temperatures, and quickly at 100°, by hydrocnloric acid also at 
1 10°, yielding methyl iodioe or chloride and darabose, a crystallisable sugar isomerio 
with glucose : 

C^*0» + HI - CH»I + 

To prepare dambose, dambonite is heated to 100'^ in sealed tubes with i)f 

fuming hydriodic acid; the solution decanted from the separated methyl iodide la 
mixed with idcohol of 96 p. c., which precipitates the daraboee completely m a white 
powder ; the precipitate is washed with alcohol and dissolved in a small quantity ot 
D olling water; ana this solution is mixed with 100 times its volume of boiling alcohol# 
The^unboee is then deposited on cooling in beautifril six-sided prisms. It te 
easily soluble in water, though less soluble than dambonite, and ccyvtidHeee fron 
in rather thidc anhyd^tii prisms, whereby it is disyoguiehed from ioosltei^ 
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which it otherwise resembles. It is very slightly soluble in aqueous alcohol, insoluble 
in absolute alcohol. 

Dambose is a. very stable substance, not being decomposed at 230°, at which tempeN 
ature however it melts and begins to become coloured ; at a higher temperature it 
suffers decomposition. It is not fermentable. Bromine does not attack it at 160°, but 
at 180° hydrobromic acid and a brominated substitution-product are formed. 
phorua pentachloride attacks it at 150°, foiroing hydrochloric acid and a product 
smelling like camphor. Fuming nitric acid dissolves it without alteration at ordinary 
temperatures, but boiling nitric acid converts it into oxalic acid. 

Dambose triturated with cold strong atUphuric acid dissolves to a colourless syrup 
which, when diluted with water and neutralised with barium or lead carbonate, yields 
easily soluble gummy salts, which are permanent at 150°, and are precipitate by 
alcohol from their aqueous solutions. The barium salt contains C*H‘®S*0‘“Ba » 
(SO‘^ 0) 

C®!!'* \ Ba [• 0® ; the lead salt, C®H’®S*0 '®Pb. Damhosulphuric acid separated from 

(so® oj 

either of these salts dries up in a vacuum to a thick syrup, which dissolves in 
water and in alcohol, and decomposes in moist air, with separation of dambose. This 
acid instantly reduces alkaline cupric solution, a property not exhibited by free 
dambose. 

Concentrated alkalis do not act upon dambose at ordinary temperatures, and metallic 
aalta do not precipitate its aqueous solution ; but on adding an alcoholic solution of 
ammoniaciil lead acetate to an aqueous solution of dambose, a white precipitate soluble 
in water is produced, which when dried at 120° has tho composition (C®H‘0)®Pb .PbO. 
In like manner a solution of baryta in wood-spirit forms a white, easily decom- 
posiblo precipitate, which when dried at 110° appears to have the composition 
(C*H«0*)BaO. 

The reactions above described show that dambose is a polyatomic alcohol, and 
dambonito its methylic ether: 


(can*)"' 


OK 

OK 

OH 


Dambose. 




OH 

OH 

OCH« 


Dambouite. 


llAiril.lLXTlS. A mineral resembling rhodonite, occurring in the granite of 
Rockport, Massachusetts ; flesh-coloured to grey, translucent, brittle, with slightly 
couchoidal fracture ; hardness 5*5 to 6 ; sp. gr. 3*427. From its internal crystalline 
structure it appears to consist of holohedral forms of the regular system. Analysis 
gave 31*73 p. c. SiO®, 27*40 FeO, 17*51 ZnO, 6*28 MnO, 13*88 GIO and 6;48 S 
(— 102*28), whence it is inferred to bo an isomorphous mixture of a regular silicate 
"with the sulphides of zinc and iron, and perhaps of manganese: (MO,G10)SiO* + MS 
(J. F. Cooke, jun., SUl, Am, J, [2] xlii. 73). 


BAPKXrXXr and X>APB>rfiTXir (ii. 303). According to Bochleder {Wien, 
Akad. Ber, xlviii. [2] 236 ; Jahresh, 1863, p. 691), daphnin is isomeric or polymeric 
with aesculin, and daphnetin dried at 100° with hydrated sesculetin. Daphnetin dried 
at 220° in a stream of c:irbon dioxide gives off 1 mol. water, and has then the same 
composition as sesculetin. 


HacVi^ZC OOMPOXnrX>S. Compounds derived from the fundamental hydro* 
carbon C*®H", decyl hydride or diamyl (p. 106). This hydrocarbon, obtained by 
Pelouze and Cahours from American petroleum, and by Wurte by treating diamylene 
with bromine (Addenda, vol. v. p. 1090), is likewise prr^uced by the action of hydriodic 
acid on coal-tar cymene, C'®H** ; and, together with other hydrocarbons of the same 
series, by tho action of hydriodic acid on naphthalene, C'®H*, and acenaphthene, 
(Berthelot, Jahresh. 1867, pp. 346, 592, 596, 710). 

Becffleney produced by the action of alcoholic potash on decyl chloride, 

C**H®*C1 (v. 1091), unites with bromine, forming C'®H“Br*, which when heated till it 
begins to decompose, and then treated with alcoholic potash, yields a mixture of decy- 
lene precipitable by water, and bromodecylene, C**H'®Br. This last compound, 
gep 4 \mted by fractional distillation, is a colourless liquid which gradually turns brown, 
has a sp. gr. of 1*109 at 16°, and boils at about 216°. Heated for six hours to 180° in 
closed vessels with a sat\iratod alcoholic solution of jpotash, it yields a mixture of 
ethyl-decenylic ether, (C^H‘)(C**H**)0, and decenylone, which may be 

separate by fractional distillation finally over sodium. Decenylene has a mint 
alliaceotis odour, boils at about 165°, and when treated with bromine in a cooled vessel, 
forms at first the liquid dibxomide which by several hours* contact with 
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exeefis of bromine, ia conyerted into a thick oily tetrabromide, C**lI**Br^ (Rebonl a. 
Truchot, BulL Soc. Chim. [2] viii. 422). 

llJWnrD®A.C»TXC A.CXXS. C®H*0* (Genther, Jenaische ZeiiacKr, ii. 387 ; iv. 
241 ; Jakresb. 1865, p, 303 \ Zeitsckr.f [2] iv. 666). — An acid said to be produced 

by the action of hydrochloric or carbonic acid on the sodium salt of ethyl-diacotic acid 
(Wanklyn’s sodium triacetyl, p. 16); also, according to B. Brandes {Jahre»b, 1866, 
p. 307), in the rectification of methyldiacctic acid, and by tho action of carbon 

dioxide on sodium methyldiacetato at 170°. To prepare it, tho brown eubsUvnco which 
K^mains when sodium ethyldiaeofato is hcatotl in a 8trt>am of carbon dioxide is dis- 
solved in water; tho solution, freed from colouring matter ]>y agittvtion with ether, is 
supersaturated with hydrochloric or acetic acid ; and tho dehydracetic acid thereby 
separated is purifiexl by recrystallisation fn>m ether, and then fi»m water; it is thus 
obtained in orthorhombic crysUils. It melts at 108‘6°~109°, boils at 269 6°, dis- 
solves in about 1,000 pta. water at 6°, more abundantly in iKuling water, and in 
alcohol and other. It is monobasic; its sodiuvi salt C**H^O*Na4- 11*0 forms long 
needles soluble in water ; tho barium salt (C'*II*0^)‘Tia + 11*0, rhombic biblcs; tho 
calcium salt (C"H’0*)*Ca (at 160°), thick rhombic prisms. Tho solution of the 
barium salt forms crystullino precipitates with silver nitrnto, zinc acetate, and cuprio 
acetate, but not with load acoUito. 

nzXtPSZBrnflrXS. Thisalkiiloid, obtaine<lfrom tho seeds of Delphinium Staphisagria 
(ii. 310), lias tho composition C**lI‘*NO*; its platliuK'hloride is nearly white, insoluble 
in water, ether, and alcohol, and contains 2(C*4I.**NO*,llCl) .PtCl* (J. Erdmann, 
Jahresh. 1864, p. 450). 

SXIlbVAVJLXTE. This minonvl from Li^go consists, according to Church {Chtm. 
Heu'S, X. 145), of + 311*0 (at 100°). The air-drie<l mineral gives off 

1C 9 p. c. water at a red heat. A specimen from Nonacovic, near Ijodenic in Bohemia, 
analyse<I by E. Boricky {Jahresb. 1867, p. 1001), exhibited tho composition 
2CaO 6F©0*.P*0*+ 1611*0, assigned to tho mineral by v. Hauer (ii. 310). 

EEOX'rBEirZOXXr. C'<H‘*0.~Seo BKNZoiiN (p. 332). 

BE80JL*rE.BrXS0nNr. — A crystallino substance produced by the 

action of dilute sulphuric acid on hydranisoVn or isohydranisf/in. It is very soluble 
in alcohol and ether, and melts at 96° (A. liossel, Zeitachr./, Chem. [2] v. 662). See 
Anisoin (p. 176). 

BBXrxXiBX29'« A calcio-cupric sulphate found, together with langito, in Cornwall. 
(See SCLPHATKS.) 

BXUCTEZV. Limpricht (Jahresb. 1865, p. 673) has obtained this substance from 
tho flcsh-juice of tho horse. Tho liquid freed fr<im albumin and from substances 
procipiUvblo by baryta-water, yielded on careful evaporation, first crystals of creatine, 
then a gelatinous mass, from which, by rotated solution in water and precipitation 
with alcohol, dextrin was obtained, exhibiting all the properties of that prepared from 
sUrcli. 200 lb. of tho flesh of a young horse yicldetl about 400 grams of dextrin. 

Dextrin dissolves in acetic anhydride at 150°, forming tri acetyl -dextw n, 
C*H*(C*H*0)*0". Tho same compound is formed by the action of acetic anhydride 
upon starch at 160°. It is insoluble in water, but dissolves in glacial acetic acid, 
and is precipitated therefrom by water in white amorphous fl<x5ks. By caustic alkalis 
it is easily resolved into acetic acid and dextrin (Schiitzenborger a. Naudln, Compt, 
rend. Ixviii. 814 ; Zeiischr.f, Chem, [2J v. 264). 

BXa.CETAJkCXBB. Formation from acetonitrile (p. 524). 

BXaJbXi'ni. See AJ.J.YU . 

BXiUOEa. A substance somewhat resembling disintegrated cellulose, obtained 
^om the pericarp of a Chinese leguminous plant (a species of Dialium). It swells up 
in water to a bulky colourless jolly, the gummy solution of which is not precipitated 
by baryta- water, basic-load acetate, or alcohol. The desiccated amorphous sul^taDee 
dissolves in strong sulphuric acid, but does not thereby acquire the property of 
becoming coloured by ioaine (Fayen, Ji. Pharm. [4] iv. 339). 

BXjUtntXC AOXB« — This acid may be r^garderl as derived from 

alloxan, OH*N*0*, by fixation of 2 at, hydrogen, or from barbituric acid, C*H'N*0*, 
by fixation of 1 at, oxygen (v. 961). It may also be regazded as UsrtrvnyUwtrt^ 

..(piv,-. 

To prepare dialurie acid, from uric acid, Baeyer (Ann. Ch. Phvrm, exsrii, 1) eoowHl 
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the latter into alloxan by Schlieper’e method (treatment with hydrochloric add and 
Dotaseinm chlorate), and mixes the hot solution of the alloMn (decolorised, if necessary, 
bv animal charcoal) at once with a solution of tin in hydrochloric acid containing a quan- 
tity of tin equal to that of the uric acid employed. A quantity of hydrochloric acid is 
then added sufficient to make up the volume of the mixture to 4 litres for each pound of 
uric acid used. The liquid, after standing for a day, deposits dialuric acid (about 60 
p c. of the uric acid) in stellate groups of short four-sided prisms, having a faint 
yellowish colour. The mother-liquor does not yield any further qmntity. To prepare 
dialuric acid from alloxantin, sodium-amalgam is added to a thick pulp of the latter, 
with constant stirring, as long as any action takes place, and the sodium dialurate, 
formed according to the equation, 

+ 2H20 + Na* - H’^0 + 2C<H*NaN*0\ 

is decomposed with hydrochloric acid. 

Dialuric acid heated with acetic acid and an alkaline nitrite is converted into allan- 
to'iri, witliout the formation of any other oi-ganic compound ; probably thus : 

2C*H^N20* + 4NO*H =: + 400* + 3H*0 + NW + N* 

Dialuric Nitrous Allantoln. 

acid. acid. 

(W. Gibbs, ZeitscliTj. Chem, v. 604). 

1>XAXM[OX:A]:iZC iLGZX>. See OXA 1 .IC Ethers (iv. 276). 

DZiUMnrXi and X>ra.BrrUxrB. See Amyl and Amylenk (pp. 105 and 122)* 
SZAXn’Zt-ikCSTOXrs. See Ketones. 

X>ZA&BtrTZir. See Aruutin (p. 192). 

BZAKO-OOXaPOTTM'BB. See Aromatic Series (p. 207). 

I^ISABBZTVRZG AGZB. See Uric Acid, Derivatives of (v. 962), 
BZBBXrZTB. See Benzyl (p. 334). 

BZGTAXrZC AGZXI, C^N^H^O*, is produced, according to Ponsgen (Ann. Ch. 
Phar^n. cxxviii. 339 ; Jahresh. 1863, 353), by the action of nitrous acid on cyanurea 
(cyano-carbamide) suspended in water : 

CH=*(CN)N‘‘'0 + NHO* = C*N*H»0* + H®0 + N«. 

It crystallises from hot water in efflorescent monoclinic prisms containing 3 mol. 
water. It is bi basic, forming acid and neutral salts, e.g. C^NUIAgO* and C*N*Ag*0*. 
According to Hallwacks, however {Zeitschr.f. Ch€77i. [2] vi. 353), Ponsgen’s cyanm^ 
is nothing but impure ammolide, and his dicyanic acid is most probably identical with 
cyanuric acid. , . . ^ ^ 

Hofmann has lately shown that the crystalline body produced on bringing phenyl 
cyanate in contact with triethylphosphine, which he formerly regarded as phenyl 
cyauurate (iv. 611), is in reality dipheny l-isodicyanate or diphenyl dicarbo- 
diamide, N*(CO)XC«H‘)* {Deut, Chem. Gca. Per. 1871, 246). 

See Cyanamidb (p. 517). 


BZCYAirOBZAMZBB. 


Di. Atomic Weight 96. — Bunsen {Pogg, Ann. cxxviii. 100) has 

made a very exact examination of the absorption-spectrum of didymium salts. 
As the breadth of the dark bands varies with the thickness and concentration of the 
absorbing solution, it is necessary to ensure tliat the light, in its passage through the 
liquid, is always exposed to the action of the same quantity of the absorbing substance. 
If then I and t denote the thickness of two transparent layers of didymium salt, solid 
or liquid, and d, cH the quantities of didymium contained in a unit of volume of these 
layers, the condition just mentioned will be satisfied \f Id ^ that is to sa^, if the 
tliicknesses of the two layers are inversely proportional to the quantities of didymium 
contained in them. By examining the spectra of various didymium salts in ordinary 
and in polarised light, with a very powerful spectral apparatus (four flint-glass prisms 
of 60®, and three of 46°) and a magnifying power of 40°, Bunsen finds that the dar]k 
bands vary in breadth, and to a certain extent also in position, accordingly as the or<K- 
nary or the extraordinary ray is used ; with unpolarised light intermediate resnlts a» 
obtained. Moreover, the positions of minimum illumination vary according to ths 
nature of the salts : in didymium chloride (molec. wt. 167), didymium sulphate (moL wt. 
02), and didymium acetate (mol. wt. 214), the bands are shifted towards the rod end 
^f.^e spectrum in the order of the molecular weights of the respective salts. Tbs 
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positions of the principal absorption-bands on Bunsen's scalo (Spkctwm. AMAi-YSts, 
vol, Y. p. 382) are as follows : 

a 49-66 ; $ 71-75 ; S 27 31 ; 7 91-93 ; ^ 76-80. 

The others occupy the divisions 21-23, 30-31, 41-42, 68-69, 96, 98-101, 114-119, 
The bands a, ^, /5 , 7 , remain the longest, as the solution is more and more diluted, 
a and $ are the ban^ discovered by Gladstone (ii. 322). 

Bunsen has also devised the following metlu^ of converting the dark Ininds of tiie 
absorption-spectrum into bright ones : A small quantity of didyniluni oxide is fhsed 
with phosphorus salt in a l<x)p of platinum wire so as to obtain an amethyst-coloured 
bead free from bubbles, and this bead is placed before tbe slit of the spectroscope, 
between an inoandoscont capillary platinum wire serving tus the source of light, ana a 
small convex lens of short focus, so adjusted as to throw the imago of the bead u^n 
the slit. The stronger absorption-bands will then be distinctly seen, especially Di a. 
If the bead be then gradually heated by a non-himinons flame placwl below it, the 
band Di a will increase in breadth and intensity, so long os the bend does not become 
red-hot; but as soon as the temperature of bright redness is attained, this band dis- 
appears completely; and if the incandoscont platinum wire which serves as the source 
of light bo gradually moved farther off, the dark band a will be repUiced by a similar 
but luminous band upon a dark ground. Indications of a similar inversion are likewise 
exhibited by the other absorption -bands (Ann. Ch, Vharm. cxxxi. 265). 

Quantitative FMimaiion. — The quantity of didyraium containotl in a mixture may 
be approximately estimated by the spectral method, viz. by dissolving a decigram 
of the substance under examination in an acid, placing the solution in a calibrated 
test-tube before the slit of a spectroscope, and ascertaining the degree to which it must 
be diluted in order that it may exhibit an absorption-flfK^etrum oqu.'il in intensity to 
that prcxiuced by a solution containing a decigram of pure didymium oxide in every 
10 cubic centimetres, placed in a tube of the same diameter and examined by tbe same 
spectroscope. The quantity of didymium in the original solution may then ho cjvIcu- 
Lated by a proportion, inasmuch as the quantity of water addofl to it will l)o gi'oater 
or less in proportion to the quantity of didymium present (Balir a. Bunsen, Ann, Vh, 
Pharm, cxxxvii. 1). 

Separation from Lanthanum,— ‘lio exact method of separating didymium fyoni 
lanthanum has yet been discovered, but the following approximate medhod is given by 
I>t\mour and Deville {Bull. Soc. Ckim. [2] ii. 339). The solution of the mixed nitnitos 
is evaporated to dryness in a sliallow pUitinum capsule ; and the residue, after being 
hcate<f for a few minutes to 400^-600^, is treated with w'ater, which dissolves chiefly 
the lanthanum salt, leaving undissolved a flocculont powder consisting of basic didy- 
mium nitrate, 3DiO .Di(NO*)'*. 6H*0. This is separated by filtration, and the evap<i- 
ratwl solution is treated three times in the same manner till nothing but colourless 
lant.lianum nitrate passes into wjlution. The separated nitrates are then strongly 
ignited and the residual oxides weighed. The quantity of didymium oxide thus 
ascertained may be 6 or 6 p. c. too high ; that of the lanthanum oxide proportionally 
too low, 

BISTBOXAXiXC ACXO. See Oxalic Etubbs (iv. 273). 

PX aCTllu See Ethyl. 

BISTM nACmOWa. See Kbtohbs. 

BXnLaJTOmbXO ACXX>. See Erahoclic Acid. 

X^XOXTABXar. According to Lefort {J. Pharm. [6] vi. 424), the diversities fo 
the properties and reactions of digitalin, as described by different observers, ars on# 
to the existence of two mcxlificatione of this body. The more soluble (so-called 
Oeman) digitalin is obtained from the seeds, the less soluble or cwstallised variety fmu 
the leaves of the foxglove, in which this latter modification predominate. To prepare 
Mdinaiy (cryitaUisM) digitalin, Lefort exhausts the leaves at 40^-60° with a mixture 
of equal parte of water and alcohol ; precipitatiw the extract with a slight excess of 

basic lead acetate ; removes the excess of leM from the filtrate with sodium carinate ; 

and mixes the concentrated filtrate with tannic acid. The precipitated, brown di|fiteliti 
tannate is washed with lukewarm water, digested with finely pulverised lend oxide, 
and tiien treated with alcohol. The s<i1utkm, after declorisation with animal chanml, 
yieldi on evaporation arstallised digitalin, while the more soluble modification 
zemaiai in the mother-Uqnor. 

NativeUe (j; PAorm. m ix. 266) prepares crystallised digitalin by mixing 100 pte 
of pulverised digitalis inth a solnlion of 26 pte. nwitml lead acetate m 100 pts. wctit» 

Bup. N 
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louring the whole to itself for 10^ hours, and then axhaneting with water. The residue i» 
exhausted with nhohol o f 60 p. c. ; the solution is mixed with 4 pts, neutral lead aee»ate, 
filtered, dccblorised with aaiinal charcoal, again filtered, and mixed with a solution of 
2 pts. sodium phosphate ; ftnd the liquid filtered from the resulting precipitate is freed 
.from alcohol by distillation in the water-bath. The residue of the distillation contains 
crystals in . suspension surrounded by a yellow very bitter Hubebiuce. The whole is 
evaporat^ over tlie water-bath to about 10 pts. ; and the precipitate is washed on a filter 
withcold water, pressed between paper, dissolved in twice its weight of warm alcohol 
at 60®, and left to stand in a cool place. The liquid then depos^ crystals of an 
, inactive substence, and afterwards yellowish radiate crystals of digitelin. These are 
recrystellisod from alcohol of 80 p. c., with addition of animal cliarcoal, and the 
dried and pulverised crystals are drenched and strongly agitated with 20 pts. of pure 
chloroform, which dissolves only the digitalin, leaving the inactive substance behind. 
On distilling otf the chloroform, colourless digitalin remains behind, which may be 
purified by repeated crystal! isation from alcohol and boiling with animal charci>Hl. 

Cr^Btellisoa digitalin is neutral, inodorous, and has a very bitter persistent taste ; 
soluble in chloroform in all proportions, in about 10 pt s. alcohol of 00 p. c. at ordinary 
temperatures, more easily at the Imiling heat, less easily in absolute alcohol, nairly 
insoluble in pure ether, and in water CA'en at the boiling heat. Sulphuric acid 
dissolves it with green colour, changed to red by bronnne-vapour, but becoming green 
again on addition of water. Ilydrocliloric acid dissolves it with greenish-yellow colour, 
and frdm this solution water precipitates it in the form of a resin. The analysis of 
pure digitalin leads to the formula 

The crystalline substance insi>luble in chloroform, originally mixed with the digitalin, 
i» easily purified by recrystallisation from alcohol. It crysbilHses in slender colonrles.s 
^needles which are perfectly Uistelcss, nentral, and free from nitrogen. It is less 
soU^e in alcohol than digihilin, nearly insoluble in ether, chloroform, and water. 
Siilplrtiric acid dissolves it with currant-red colour, changing to yellow on addition of 
water. It dissolves without colour in nitric acid, incompletely in hydrochloric acid. 
Its composition has not boon ascertained (Nativolle). 

BiaXiYCliAKir. See Glyckbyi. Hyduatks (ii. 894). 

llZOZiYCO&-llTBirXillirzC ACZB. See Glycollic Acid (ii. 914; also in 
thi« tfolumo). 

BXOXiYCOZiZULMCZC ilCZI>.i Sec Glycollamic Acid. 

BXOXtYCOXiZiZC ILCXB. See Gi.ycom.ic Acid. 

BXOXt'VCOBMMXI>S. See Gi.ycoi.lic Acid, Amidks op. 

BZXiACTXC ACX1>. See Lactic Acid (iii. 461). 

>:Z>XBXT ITRXC il^CXX>. See Appendix to vol. ii. p. 960. 

BXnmTBOXAliXC AOXB. Sec Gxalic Etukks (iv. 274). 

BZVSZSTBTXi. See Mkthyl. 

XlZiaaTKYX.ACBTOir8. See Kktonrs. 

;i>ZOBXXroOX.. See Ini>ol. 

BZPBBMrOZi. See Thknol. 

BZFBBBirZi. See Phknyl. 

^ BXFXni. This name ic applied by Perkin to a radicle, C'H*0, belonging ^i -the 
cinnamyl series, supposed to exist in coumarin, that substance having the compuatCion 
of tteelyl-diptyl, CGI^O . C’H^O (p. 498). 

' ♦ : 

.^BXSBOBXBB. C»>Il“N (C. Gr. Williams, Laheratory^ p. 109).~-A ' 

hbnsologous with chinoli no, obtained, together with man^ othera, in the distillai>bv 
of cinchonine with potash, and occurring in that portion of the crude dietifUi^ 
which boils between 282® and ^04®. The eolution of this distillate in hyi^||p»> ; 
chloric . acid is warmed with a little nitric acid, to decomjKise pyrrol 
other impurities, and the aolution filtered from the separated resinous 
precipitatml with platinum chloride, which throws down in the first instaBeo^'O^ < 
platinochloridos of bases of higher molecular weight. The liquid filtered ftoaxlliwit ^ 
pi-ocipitate yields with platinie chloride an orange-coloured granular powdlilr, 
fusible at 100^. On distilling this precipitate, neutralising^ the distillate 
chloric acid, and again precipitating with platinie chloride, a platinochlcddde id obtafitiil 
having the same composition as the preceding, vis. 2(C»*lI'*N.HCl),PtCl^ 
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l>ni*00*A**0ir. See Cbemuui, Actiok (pp. 424-429). 

PT«'1 H40Ti Sea Cutoajienb (p. 466). 

■DTSOVrt^ SeeTotYL. 

SZSmTXh See Xyltl. - 

SMIOTX.XC COMPOWD8. See Bbnyo.c Acit>, DirniVATmie OF (pp. 810. 
313, 314, 316, 320, 321). , 

niUkOOWB BXiOO®. SobEbsins. ; ^ 

VV.AOT1 Trass. Croton KrifihrcBina . — The juiao of , ® 

j>JlAOOW’* ra»» ftlbrimin, 

(indigenous in Brazil) contains . . „ caiUil ory th riiomic acid, 

colouring fresh jui'oe with water « a 

allied to tanmc acid. This insoluble in cold water and iu ether, eoluhle 

lr&ratd“fn altoli8?pr^ipitable gelatin, ferric oxide, and lead salta CP^kol^- 
^rcA. PAarm. [2] cviii. 142). . ,._A a«b- 

tSr wS; gltr byrae^in^rCii diluted 

.ss:* — 

rjnmoQ* + + U^O 0*ll' v.) + i ^ 

Dra^ 

’ ‘ Gl«ccdrupose. C«-H« 0 ^--The stony roncrcUnns^m^^^^^^^ 3 

and Lrdening of “'i''" Tj’ob^*n it, the pears, after prolonged boiling tnA 

, quantity of mineral matter, io hv mhbinc them through a metal »iev«» and 

water, are converted into a ^ AHrun^on mixing this pulp with a large quantity 

the concretions which settle to the wLhing with water^nd 

of water are purified by digestion with ddu^ ^1 rains of a faint yellowiA-red 
t reatment with alcohol and ether. away without previous fusion. When 

colonr, which when heat^ on 

heated in a tube, it yields an aci . , i Qjj triturating it with strong sulph|ffW 
alkalis, it tumsbrown ; with dilute acids, r^^ time a liquid is obtained which reducei 
acid, and boiling the diluted so u jj insoluble in water, alcohol, ®t,hMr 

cupric oxide in alkabne solution. y .^ cuprammonia, and most dilute *ftd* 

chloroform, benzol, wbon bisulphide, ^ ’boil^ with this acid, it yields celli^se 
Ct”^“undaiuy tC"^ - ™all -qiautity of oxalic acid and dxrk 

coloured Jiunious products. 

smrSSmCTS. See Pkosfhatm. _ 

^i 5J^200°, has a faint ^our of '3" i" cSlT^ibfs anTaHily Wj 



uNnocowi liqilidt 

Ciboitn, hTdrocarbons. obtained by Warren *nd Storer h 

^ Pm>dec,^ene. C>1^, “ oil ; also from Hangoon ta 

V and b/ila at about 212® (ZeiUchr. f. ClmC [2] . 

Wramth^-b«i«nt. C»H» - C*H*(CH‘)‘.-S« Mwnnrt-BonmKi 


3C X 2 
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BCOOSrnrS. C*H’*NO*. — A base obuined by heating cocaine with hydrocliloric 
acid. (See Cocaink, p. 479.) 

BOO. Analysis of the Yolk (J. L. Parke, Mecl.-chem. Unters. i. 209 ; Jahr^h. 
1867, p. 776). — The yolk separated from the white was exhausted with ether till the 
decanted liquid appeared colourless ; the residue was then treated with alcohol at 
46®-50°, and Altered warm. The substances remaining on the Alter (albuminoids and 
inoi^anic salts) were washed with water to remove soluble salts ; the undissolved 
portion was dried, weighed, and incinerated; and the weight of the ash determintii. 
The ethereal and alcoholic extracts freed from ether and alcohol by distillation in a 
vacuurti were dried over sulphuric acid ; and the residues, after being weighed, were 
separately saponiAed by boiling for about seven hours with strong alcoholic potash 
solution. 

o. The sajXJiiiAed residue of the ethereal extract, after the ether had been 
completely expelled over the water-bath, was dissolved in water (at least a litre to 
40 grm. of yolk), and agitated with ether to dissolve out the cholestorin ; the 
remaining aqueous solution, after supersaturation with hydrochloric acid, yielded to 
ether the fatty acids, which were dried in a rareAed atmosphere. In the evaporated 
and aqueous solution the phosphoric acid was determined by fusion with sodium 
carbonate and nitre. — /3, The residue of the alcoholic extract, saponiAed with alcoholic 
potash, and freed from alcohol by cvairomtion, was dissolved in a small quantity of 
water an<i suptirHatumted with hyilrochloric acid ; the fatty acids thereby sepirated 
wore Altered off and determined directly; and the phosphoric acid was estimated in 
the Altratfe. 

100 pts. of yolk thus treated yielded : 



A 

B 

C 


Fresh 

On the loth day 

On the 17th day 


Yolk 

of incubation 

of incubation 

Ethereal extract ; 

31-391 

23-642 

35 -4 17 

( Cholesterin 

1-760 

1-281 

1-461 

containing j Fatty acids 

( Proti^n (calc.) 

25-963 

19-560 

29-513 

17-422 

13-509 

17-981 

Alcoholic extract : 

4-826 

4-039 

4-516 


2-949 

2232 

2-746 

10-031 

8-019 

9 362 

Soluble Salts 

0353 

D -287 

0-430 

Albuminoids .... 

16-626 

14-201 

18%42 

Insoluble Salta 

0-612 

0-628 

o-m \ 

Total of Solid Matter 

52-808 

1 42-692 

■ 55-213 : * 


TT^b quantity of prot^on calculated from the phosphoric acid directly detel^iil^ 
amounts, in the alcoholic extract, to more then the total weight of the latter, 
that another substance richer in phosphorus must also be present. Thi|gtGOneliifi|i^^ 
b^h conArmed by Hoppe-Seyler {Mcd.-chem, Unters. \. 216), who^ finds 
portion of the yolk whien is insoluble in ether, consists of a whitish, pasty, 
mass, which js dissolved by a solution of common salt to a clear-Altering liquid, and 
may be preciprtaled therefrom by a lai^e excess of water and a few . 

acid. The same substance is more easily obtained in a similar manner 
(the salted roo of tlie sturgeon). If the substances precipitated bjr water be 
with alcohol of 40®-60°, and the liquid Altered warm, it leaves ^ 

Snt>6tanc6 very much like protagon, which swells up in water, is pree^tatcH bj " 
8o<lium chloride from the swollen mass, but always remains soft and fogpoMl 
drops. This is the phosphoretted compound in question ; it appears to be idestiei^ 
with lecithin (iii. 566) ; it is moderately soluble in alcohol, ana separates from the 
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Bfttumted alcoholic solution when cooled below 0® In groups of slender silky needles* 
Ether containing water also sep^ates crystalline globules from the alcoholic solution. 
The portion of the. yolk which is insoluble in alcohol consists of salts and 
ulbuminous substances, which latter are insoluble in solution of common salt, and 
are coagulated thereby. They are identical with the so-called vit/eilin, and contain 
on the average 0*76 p. c. sulphur, but no phosphorus if the exhaustion with alcohol 
hfis been complete. The vitellin exists in the yolk in combination with the phos- 
"phoretted substance (lecithin), the combination being bn>kcu up by treatment with 
alcohol, which dissolves the phospliorcttcd body (see also Biakonow, Med.^chem. 
IJnters, i, 221 ; Jahre^b, 1867, pp. 774, 778). 

Colounng Matter of the Yolk . — The ethereal extract of the non -coagulated yolk of 
hci»’ eggs yields on evaponvtion a yellow residue consisting of fat and colouring 
raalter. Alter sa^nifictition with sotia-ley, llio colouring matter may bo extracted 
from the Sivponifled mass by agitation with ether, showing that yolk of egg does not 
contain any colouring matter of bile, since the sodivim-tsmipound of bilirubin is 
insoluble in ether. The ethereal solution just mcntiono<l leaves on ovaj>t>ration a 
^It^ep golden-yellow fat, nou-saponifiablo or difficult to saponify, which gradually 
solidifies to a buttery mass in consetjuence of the separation of cholesterin. This 
fat, comparatively rich in colouring matter, is very much like the fat cx)iitivining 
laematoidin which occurs in the ovaries. It is colourctl pure blue by slightly 
concentrated nitric acid ; dissolves with golden -yellow colour in ether and chlorolbnu ; 
and the solution previously mixed with alcohol is decolorised by nitric, aciil con- 
taining nitrogen tetroxide, without any previous play of colours. With ctvrbon 
bisulphide an orange-coloured solution is obtained. Ammonia does not remove the 
colouring matter from its solution in chloroform. These properties seem to show 
that the colouring matter of egg-yolk is either htematoidin or a body nearly allied 
tliereto (Stiideler, J. jtr. Chem. c. 148). 

Amylaceous Substance tn E^g-yalk . — According to C. Dareste {Compt. rend. Ixiii. 
1142), egg-yolk contains a considemblo quantity of microscopic granules, which turn 
blue with iodine, and in form and structure are very much like starch. They are 
mostly very small, but a few are as large as the granules of wheat-starch. )Vith the 
development of the embryo this amylaceous substance gradually disappears. 

Egg-shells . — Wicke {Ann. Ch. Pkamu exxv. 78) has analysed the egg-shells of 
several birds, with, the following results : 



Heron 

Gull 

Pheasant 

Goose 

Hen 

Duck 

Calcium Carbonate . 

94-60 

91-96 

93-33 

9,5 26 

93-70 

94*42 

Magnesium „ . 

0-69 

0 76 

0-66 

0-72 

1-39 

060 

Phosphates . . . .. 

0-42 

0-83 

1-37 

0*47 

0-76 

0-84 

Organic Substaneei , 

4-30 

6 45 

464 

3*65 

4T6 

4-24 


Wicke also finds that tho colouring matters of egg-shoUs are identical with the 
green and brown colouring matters of bile {Jakresb. 1869, p. 642). 

From ei^riinents ^ Koussin {ihid. p. 640) on hens fed for several days before 
layb^ with fiotatoes and oats, to which dififerent mineral salts were added, it appears 
that the ealdum carbonate in the normal shells may be more or loss replace by 
isomorphous salts, such as tho cai^lgmates of barium, strontium, and even of lead, but 
<i8pecia]^ by magnesium carbonhte. When alkaline bromides and irxiides were added 
to fibs " sow ^ the alkaline chlorides in the white and yolk of the egg were pattly 
by thepe salts. The increase in the proportion of bromide or iodide was 
atten(^ with a diminution of the calcareous envelope, which ultimately 
dlsij^|Mibaiil altt^thcr, leaving the egg surrounded only by a membrane. The 
addition of caleitilm arsenate to the food was fatal to some of the hens ; nevertheless 
arsenic wm found in the egg-shells, 

Ann. cxvii. 627) analysed a fossil egg-shell weighing 262 mms, 
guano of the Chincha islands. The interior crystalline or sughtly 
IwiPaiiildl mass oon^ned, together with a small quantity of oiganie matter : 

« ' retssiTnni AmiBoniam Ammonlnm fiodium 

snip^ate ' salphste chloride chloride 

10-69 26-66 1-26 , 0 66 - 99 04 , 

The mass contained therefore 2 mol. potassium sulpliate to 1 moL smawynima 
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.Ulnlmte bv which salts the original constituents of the egg- had been replaced. The 

.t“ f of the orig.u»I shell contained in 100 pts. : 

still remai ^ (PO^J-Ca* 

mntter 

0-91 0-45 207 2-33 8*84 6*34 77*82. 

In tho interior of the egg there waa found at one part a small quantity of black 
liunious substance soluble in p:)tash. 

axi«ii.irzTis. 

occurring in dense finely 1 

Orythyttnn, tSweden. It varies somewhat in structure . 

general result of the analysis leads to the formula 4M0.3SiO'^ + 3H*0 (L. J. 
Igelstrbm, Jahresb. 1867> p. 995). 

XSXtilXlIZC jflLCZS. This acid, like oleic acid, unites directly witli 

bromine, witliout elmiination of hydrobroinic acid, forming the compound C*»lP‘}trd 
mrip (nr identical Y') with dibromosteuric acid. It is a white crystalline acid 


. A hydrated ferrous silicate containing manganese and magneKiuni, 
finely laminated veins and bands in the iron mine of Brunsjb, in 

composition, but tiu’ 


and 


sXiAZ.i>i:hyi>zi. 

XXiZSCTllZCZT'Z’. 


isomeric (or identical ?) with dibromosteuric acid. It is a white crystallin 
soluble in alcohol and ether, melting at 27°. It is monobasic ; the barium salt is 
gummy and friable. I3y sodium-amalgam it is recoiiycrted into elaidic acid (Burg, 
Bull. Hoc. Chini. [2] iii. 191). 

See Alokhyok (p. 76). 

Koltx's Electrical Machiino (Holtz, Pogg. Ann. 1865, 

cxxvi. 157 ; DiiL Mag. [1] xxx. 425; Ann. Ch. Phys. [Ij viii. ‘Hn.—Vogg. Ann. cxxvii. 
320; exxx. 128, 168, 287 ; Ann. Ch. Phg.^. [4] xiii. 440.— Ann. cxxxvi. 171 ; Ann. 

Ch. Phm. 41 xvii. 603. Poggciidortf, Pogg. Ami. cxxxiv. 304 ; cxxxix. 158. Kiess, Pvgg. 
Ann. cx.x.\i. 215 ; cxl. 168, 276. F. Kohlramsch, Pogg. Ann. cxxxv. 120). - -This is a con- 
trivance by which a very .small initial cliarge is made to give rise to an indefinitely great 
quantity of electricity of high tension ; its act ion may be descril>ed in general terms us 
equivalent to that of an electrophorus and a condenser combined together in such a 
way as to act ii^ion each other alternately, the condenser being first chargeil by tho 
electrophorus, then reacting upon it so as to increase the charge of the cake ; next 
being charged by the electrophorus to a high<'.r degree and reacting upon it more 
strongly than before; anil so on, tho charge of each becoming gradually greater and 

greater until tho insulation is overcome. The form usually given to tlie machine i.s 
shown in fig. 11. It« construction is as follows . A circular plate of thin and very flat 
irlasH, u B, is mounted ujxm an insulating ebonite axle, so that it can n>tHt;e in a 
vortical plane, and a second glass plate, a a, also as thin and flat as p>ssible, is 
fixed parallel to it, with its coiitro in tho same horizontal lino, and at a very short 
distance (A to i inch) from it. At the middle of the fixed plate there is a rouiid liole, 
through which the axle of the movable plate can pass without touching, and there 
are two deep notches or nrindovis^ v k', cub out at opposite ends of a diameter ; at the 
hi\dk of tho glass (that is, on tho side turned auutg Irora tho rotating plate) a PJ®ce ot 
paper p. about two inches broad is pastoil along tho lower edge of one of these 
openings, and a similar piece, p\ is pasted along the upper edge of the other opening 
each of these pieces of paper having pn>jectiiig Irom it a couple of tongues of stitt 
paper, w ?»', long enough to project through tho opening and just touch the movah e 
plate • both the paix rs and their pixijocting Umgues arc well varnishi^. On the side 
of the movable plate wliich is farthest away from the fixed plate, and opposite to the 
two pieces of paper just montionetl, are two collectors, o o', each consisting of a row of 
metal points projecting from an insulateil metal arm to within a very small disten^ 
of the rotating plate. These collectors are connected with tho mam conductors of the 
machine c c', ^ach of which is provided with a movable dischapgiiig rod, by 

means of which they can at will bo placed in electrical connection with each other, 
or sepfiratetl by any requiroil intcr\*al. In oitlor to put the machine in 
two conductors nni connected together, the movable plate is set rotating at a 
speed and while it is moving, an electrifiinl Ixxly, such as a piece of ebonite exci^ by 
friction or the cover of an electrophorus, is brought near to, or into cont^t with, one 
of tho paper armatures. Both the papers then rapidly b^mo strongly charged trim 
oppoaito £nds of electricity, and if the knobs, r r', of the dischaigi^ 
m a short distance, a streimi of sparks is seen to p*^ be^een them. Thead 
become less frequent, but larger and brighter, it each of the 
with the inside coating of an uninsulated Leyden jar The spaiks 
bixe, but diniinisli in fretiuency, when the dischiigmg knobs are moved 
but if tho distance between them is mmle greater than a certain limit, dependi^ 
chiefly upon tho insulation of the difterent jarts of the machine, the sparks cease to 
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pass altogether^ and, nnless the knobs are quickly brought nearer to oiich other, the 
machine soon ceases to act, 

'1 ho action of the njuwhino may be explained, at least as to its general fwvtures, as 
follo\iTJ. Suppose a po'^tive charge to f>o given to one of the paper armatures : thou, 
Rt all jK>int8 iu the neighbourhood of the paper, there wiil bo a fijrco acting which 
tends to drive positive electricity away from it, and to draw negative electricity iiAjir ; 
rtnd this force, acting sucocssiyoly upu eixch portion of the rotating plato as it pusses 
between the paper and tlio points of the collecting comb, w'ill, if aulHciently pow'orful, 
cause ptjsitivo electricity to escape from the plate iuU) the points, and negative clwtri- 
city to osciipe from tho points upon tl»o plate. In conseiiuence of tliis action, tlio 
conib of the second conductor (which, as we have said, is, t(» begin \vith, in metallic 
connection with the first) becomes positively oleetritio<l, while each ^xirtion of the glass 
plate passes the comb of the first conductor negatively electrified, lint, bcforti any 
given part of the plate comes opposite to the points of the second conductor, its back 
is grawKl by the tongues pr()]ecting from the second paper arniatnro, and therefore 
negative electricity is repelled into this armature by the negative chnigo upon the front 
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surface of the plate; in this way, the scc/md armature gradually acquires a negative 
charge. We now have, at the second side of the machine, what may he called a stream of 
glass flowing between a negatively elcctrififjrl piece of paper and the positively elefctri- 
fied points of the smmd collecting comb ; hence positive electricity escapes from Uie 
points upon the glass, and negative electricity passes from the glass into the points, 
and consequently the glass passes this row of points positively charged. Then, 
returning to the first side of the machine, we have the glass arriving opposite the 
tongues of the first armature with a chat^ of the same kind (positive) as this 
armature has already got, but of higher tension (because it is duo to the induetire 
action of this armature aided by the condensing effect of the opposite charge upon the 
other armature), and therefore able to strengthen the original charge of the paper. 
Kent, the glass passes between this more strongly charged ai^iture and the eone- 
sponding row of points, which now give up negative electricity to it, not only m 
consequence of the inductive action of the charge upon the first piece of paper, but 
also of the reaction of the negative chaigo upon the second pai>er. Consequently, the 
glass passes the first tow of points with a stronger negative chaige than it had at first, 
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as.tbo rotation continues, the two pieces of paper on the hxed plate become more and 
more strongly charged with the opposite electricities, and therefore exert a stronger 
and stronger inductive action Tipon the rotating plate as it passes between them and 
the collecting combs. Supposing, for the sake of distinctness, that the side of the 
Tnfvchiiie to which the positive charge is first given is the side on which the motion of 
tlie rov<dving plate is upwards, the action may bo described in general terms as 
consisting in the amvection of negative electricity from the fii-st collecting comb to 
the sectmd by the upper half of the revolving plate, and tho convection of p)sitive 
electricity in the opposite direction by the lower half; and since the motion of 
negative electricity in one direction is the same thing as the motion of p)Hitivo 
electricity in the opposite direction, the action of both halves of tho plate may bo 
described as causing the transfer of positive electricity from side to side, in the 
direction of the motion of tho lower half, which is compensated by a corresponding 
flow of -Dositivo electricity in the op][) 08 ito direction through the conductoi*8. It is this 
last-mentioned current which shows itself as a stream of sparks when the discharging 


rods of tho conductors are separated. 

From this explanation of tlio action of tho appiratus, it will be scon that it depends 
essentially upon tho charge <if each part of tho revolving plate being of tho opposite 
sign to that of tho armature which it last passed, and of tho same sign as that of the 
one which it is approaching; but this cannot bo, unless there is electrical communica- 
tion between the two conductors. If the knobs of tho conductors are separattnl too 
far, no eloctriwvl iiitcrchango can take place botweeri them, and the armatures ilioii 
represent two oppositely cUargo<l conductors of limited capacity, between wliich 
portions of glass arc continually passing backwards and forwards conveying a part of 
the charge of each to tho other, and thus soon equalising them : honco under these 
circumstanct s the machine ceases to act. ^ i i j 

In ortler to charge a Leyden jar or battery by means of a Holtz’s machine, it should 
be placed on an insulating support, and one of the coatings connected with one of tho 
conducUirs, and tho other with the other; or two jars may bo chargetl at once by 
connecting their outer coatings together and connecting each conductor with the inner 
coating of one jar. Tho figure shows two small Leyden jars, H and h', whose outer 
coatings are connected by the wire a, suspended from the conductop. By this 
arrangement of course the jars receive opjmsito charges. Some ciire is needed in 
trying to charge ajar to the highest point with one of these machines ; if the knobs 
r r arc so far apart that a spark is unable to pass between them, the action of the 
macliino ceases when tho jar is charged so highly that tho two halves of the revolving 
plate are no longer charged by tho inductive action of tho armatures they have 
respectively last passed, as highly as tho armatures which they are approaching ; and 
if the movement of the machine be continued beyond this point, the charge which the 
jar has already got will be destroyed ; on the other hand, if the discharging knobs 
are nearer together, the jar is apt to be discharged by them before it luis acquired as 
high a charge as might bo given to it. To remedy this inconvenience, Riess adds to 
the machine a third paper armature, with a third collecting comb opposite to it, half- 
way between tho two annatiires already sfw»ken of. This additional armature has no 
projectiug point, but is coiinoctwl, by a strip of paper pastetl along the edge of the 
fixed plate, with tho arniaturo which precoiles it in relation to the direction of rotation 
of the revolving plate, and tho additional collector is in metallic connection with the 
conductor which follows it,, and likewise with the ground. Tho inner coating of the 
iar or battery to bo chargtxl is connected with tho conductor which still remains 
insulated, and tho outer coating is connectefl with the ground. The ^tion of these 
additional parts is easily iindcrsttx>d if we hear in mind that the additional armature 
is equivalent to an exterhsion of tho one with which it is connected, and thi^ the 
additional collector takes the place of the one connected with the jar when this one 
has ceased to act in conscqueuce of the jar V>eiug fully charged. The writer of this 
article lias found that a Leyden jar nifty easily be charged to a high degree by a 
machine of the construction shown in fig. 11 (p. 551), if the jar is first insulated, DOT 
emting i}<mnected with one <»f tho paper armatures, and then a conductor connoctsd 
witii tho other armature, gradually brought near, and finally into contact with tha 
other c<iating. During this process, the discharging knobs r r' should be at a modetaU 
distance apart, and a stix'am of sparks should pass freely between thei^ ^ 

The electric current through a wire connecting the conductors of a Holtzs hhmIu^ 
has boon shown by Poggondorlf to be independent of the resisUnce of the circuit, 
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and by F. Kohlrausch to be sensibly proportional to the velocity of rotation. The 
latter found that >l plate 40 centimetres in diameter, revolving 6 times in 3 secondK, 
pnduced a consUiut current capable of decomjiosiug water at the rate of 3]^ millionths 
of a milligramme per second, or erjiial to that of a Grove a cell in a circuit of 48,000 
mercurial units (about 4o,00() 11. A. units) resistance. 

lli'sides the mjvchine which has biM;n dcscriheil, Holtz has constructetl muchuies 
acting upon the same geiuTul principle, but. differing from this one considerably in 
arrangement; the construotiini has also been varied and simplified by Poggendorff, 
Ills most important alteration being the substitution of small holes, just large enough 
to lei the tongues of the paper armatures pass through, for the targe openings of 
Holtzs original form. 

An electrical machine, acting essentially upon the same principles as Holtz’s, but 
jrt which the inductive action is exertril upm sheets <kf Hn-foil carried by revolving 
glass plates, was constructed by Tdpler of Kiga {Popij. Ann. exxv. 469 ; Ann, Ch, 
Phi/s, [4] viii. 313) at about the same time that the first maebines were mtule by 
Holtz ; but it has not yet come into such general use, and does not seem to have b(‘pj! 
niaile bj yield sucli powerful effects ns tlu)se that have been obtnimxi from machines 
of the kind we have just described. A machine analogous in nniuy respects (n that 
of Holtz has also been recently desciibi'il l>y Poggendorff' (iW;//. Ann. cxli. 1(»1) ; and 
H self-acting arrangement, nearly otpiivalent to dViplers inaclmie, but with a stre^nn of 
wafer, instead of tin-foil, as the moving conductor, has been coUHtructod by Hir William 
'I'iiomsoii (/Voc. Jityy. Soc. xvi. 67). 

Tbomfton'B Electrometer*. Sevenil difflTent forms of elootroTucter have been 
recently devised by Hir William Thoin.s<m, which are much more sensitive ami accurate 
than any that had been constructed previously, lovr iletails respecting tlu'se itistru- 
meiits, we must refer to Professor ThoJiisou’s description of them Agnate. 

1S67, p. 489): hero wo can only give the general principle of two of the most 
genenilly useful forms — tho ‘Quadrant Klectrometor^ and the ‘PorUiblo Klcctro- 
meter,' 

Tins most important part of the Quadnint KlectromeloT, and that from which it 
takes its name, is shown (ns seen from above) in fig. 1*2. It consists of four qmirlem 
of a fiat circular box of brass, with circular apertures in the centn's of its b>p 
and bottom, each of the qiiadninta being supp>rted by >i glass Btein. The filtenml®. 
quadrants a and tl, A and c, arc connecltMl by wires so as to form two {mirs, as shown in 
the figure, and one of the two IhxUcs whose electrical stales are to be compirtsl, such 
as the terminals of a galvanic battery, or tho 
iNirtb ami any laxly supposed t.o be p)8it.ively or 
negatively electrified, is put into clcctncal con- 
nection with each pair. The indications of the 
instrument are due to the movcmcjits of a broad 
Jictxllc, w, of thin sheet aluminium, which is elec- 
trifie<l and susp-nded inside the box formed by 
flic four quadrants by an insulating fibre of silk. 

If all the qna<irant>» are in the same electrical 
condition, and the ntHxlio is suspended quite 
symnietrieully within tljem, it is evident that it 
will be in equilibrium when its axis is in the 
same vertical plane with one of the diameters of 
the 1 k)X ; but if the alternate qujwlrants are dif- 
ferently electrified, each end of the needle will bo 
rttpelltxl by the two which are electrified in tho 
sfune way as itself and attracted by tho othertwo, 
and it will thus be subjevt to a couple tending to set it oblique tx) the position shown 
in the figure. In onler to rcniler tho smallest motion of the needle visible, a small 
and very light concave mirror is fixed to a platinum wire which passes through it and 
reflects the light of a lamp, which is allowed to fall upm it through a naiTow slit, 
upon a divided scale at a distance of al>out a metre. In the instruments first madsi 
the needle was caused to come to rest in the zero position by the directive force of a 
minute magnet fastened to it and acted on by a laiger steel magnet outside the case of 
the electrometer ; but in tho most recent iDstruments, the directive force fjf a bifilar 
suspeasion'by two fine silk fibres is substituted for that of the magnet. The inwilation 
of the c^uadiants of the needle is made as perfect as possible by enclosing them ill 
a glass jar containing a quantity of strong sulphuric acid at the bottom. The outside 
of this jar is partially coated with tinfoil, which, with the sulphuric add inlidev eon- 
veils it into a Lqyden jar : this serves to increase the electrical capacity of tbs MsdlSf 
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and so to make it retain for a long time a nearly constant electrical condition. Elec, 
trical connection between the needle and the sulphuric acid forming the inner coating 
of the iar is mmlo by moans of a small platinum weight, suspended in the acid by h 
very fine platinum wire attached to a stouter platinum wire passing tlirough the needle, 
an arrangement which also diminishes very much the oscillations of the needle. 

In Portable Electrometer, the body whose electrical state is to be tested is con- 
nected with an insulated brass disk, oppfjsite the middle of which is a small square 
plate of aluminium, fixed to the shorter arm of a light lever of the same material, and 
kept at a constant electrical charge by being connectetl with the inner coating of a 
Leyden jar. The measurement is made by observing, by moans of a suitable micro- 
metric arrangement, the distance at which the disk exerts a given attractive force 
up<jn the aluminium plate. In using the instrument, an ‘ earth-reading’ is first biken, 
by observing the pisiticn of the disk in which it exerts this force when both the disk 
and the outer wjating of the Leyden jar are connected with the earth. Then the earth- 
reading, subtracted from the reading obtained when tlie disk is connected with the 
body te bo tested, gives the clectricjil difference between this b(xly and the cartli 
expressed in terms of an arbitrary scale, the value of which can bo ascertained, if 
requiretl, by a special experiment with two boilies whoso electrical states differ by 
a known amount. It is an obvious precjiution, in order to obUiin great accumey, 
to take a second earth-reading, after making the experiment with the body to be 
examined, and if this differs from the first, to estirnatf* the most probable earth- 
reading for the moment of the oxi>erimcnt with the body in question. 

Ifew forma of Oalvanlo Battery* Many attempts have been made to construct 
a galvanic cell which should combine the good qualities of the older forms of constent 
batteries (such as DanioU’s, Grove’s, Bunsen’s) with greater convenience in use and 
the absence of the necessity for frequent examination or renewal ; wo will briofiy 
describe a few of the newer forms. 

1. Walker's IHatbdscd Carbon Battery, — This is simply a modification of Smee’s 

battery (ii. 427) in which the platinised platinum or silver is replaced by a plate of 
platinised gas-carbon. The carbon plates are platinised by being made for a short 
time the negative electrode in a weak solution of platinic chloride in dilute sulphuric 
acid. A battery of this construction, although iu proportion to its size much cheaper 
dhnn one of Hmee’s, appears to bo at least equal to it in efficiency (C. V. A\ alkor, Vhd, 
Mag, [4] xviii. 73), . 

2. Bickromate of Potassium Battery. — When a battery of small resistance but con- 
siderable electromotive force is required occiisionally, amalgamated zinc and gas-carbon, 
immersed in a solution of equal weights of poUissic bicliromatc and hydric sulphate iu 
about twenty times their weight of water, forms a very convenient combination. As 
the solution gradually attacks the zinc, even when the circuit is not complete<l, the 
zinc pbite in cells, constructed on this principle, is generally fixed to a brass rod by 
which it can bo dmwn up out of the liquid or let down to any depth between two 
parallel plates of carbon. 

3. Chloride of Silver Battery.— Messrs, Warren Do la Rue and Hugo Muller {Chem, 
8oc. J. xxi. [new series, vi] 488) recommend, as a compiwt and convenient battery for 
use in cases wliero several hundred small cells are required to give a groat electro- 
motive force, one of the following construction ; The olcctro-positive plates consist of 
pieces of Belgian zinc wire (English zinc being too impure for the purpose) 23 inches 
long and 0'2 inch in diameter ; the electro-negative plates are formed by pieces of pwe 
silver wire 0*03 inch in diameter, round which is cast a cylinder of silver chloride 
0 22 inch in diameter. The silver wire projects al>out a fifth of an inch below the 
bottom of the cylinder of chloride and about an inch and a half above the top, so as to 
allow of its being connected with the zinc of the next cell. The liquid used is a 
solution of common salt in distilled water, 25 grammes to the litre (or 219 grains 
to the pint). A battery of this construction may be left to itself for weeks togetlrer, 
if the poles are not connectetl, without other injury than the evaporation of water. 
From the size of the plates employed, it is evident that ite resistance must be 
very considerable ; its electromotive force is about e(|ual to that of a Daniell’s cell 
fseo p» 579 ). 

4fSulphate of Mercury Batter y.—TMs may be described as a Bunsen’s battery, in 
which the nitric acid is replaced by mercurous sulphate. As usually made, the zinc 
plate is in the form of a hollow cylinder, surrounding a porous vessel conbiining a rod 
of gas-civrlHin, and filled up with powdered mercurous siUphate and enongh water to 
maze it into a thick mud ; outside the porous vessel and in contact with the zinc is 
dilute sulphuric acid. Tiiis battery,, which was proposed by Marie-Davy, is recommended 
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as bein^r very constant and requiring little supervifiiiun. It htvs como into use to some 
extent for telegraphic purposes (WiedemKiin, Gatmni^mus, p. 271). 

5. Binoantle of Mtmffawae Baf(eiy.~T\m is another zinc and airboii batter)', but the 
porous cell containing the carbon plate is fillwl up with a mixture of binoxido of 
manganese in coarse powder and small fragnumts of gas-carbon, the object of which 
is to increase the conductivity. Only one liquid is miiph)y(xl, namely a saturated 
solution of sal-ammoniac; the elect ro-jH>sitive metal is anialgamatod Eine. Cells of 
this construction are said i)y tl\o inventor, M. lioclancht', to remain in working ortler 
for months, or oven a year, together, without re<juiring other attention than the 
(M-casional replacement ot the water which has evaporated. It is extensively used for 
telegraphic purposes in France. 

6. Buttf’n/. —Th\H is a mtslilication of DanicU’s hatter}', and differs from 
the cormiion form of it only in the arrang(>nient of the 

])arts an<l ui not having any porous j^artition l>et\V('en Fio. 13, 

the copper and zinc, plate. It.s construction will he 
utidorsKKxl V>v ref'eroiice to fig. 13,* where a i.s a glairs 
vc.sscl 170 mm. high and 100 mm. wide at the hottoni 
and to a height of 50 mm. from it ; above this height 
it is 110 mni. wide, and on the shoulder, formed by 
t!u‘ junction of the narrower part with the wider, 
rests tl»o cylinder of amalgamated zinc, z, 90 mm. 
deep. Another slightly conical glass vessel, it, 75 
nun, high, 65 mm. wide at the liottom and a little 
wider at tho top, is cemented inside a, ntul contains 
a cylinder of sheet copper, c, b) which is fixed a 
copper wire, w, insulated where it pas.ses through 
tho liquid by a glass tube or a covering of gtitta- 
peroha. A wide glas.s tube, n, contracted before the 
lamp so as to lonvo only a small opening at tho 
bottom, which i.s about 20 mm. from tho bottom of 
the ve.ssel it, is supported f>y the cork or wmxlen lid 
K, and is nearly fillotl with crystals of sulphate of 

Tile liquid with wdiieli tho cell Is charged is a 
stdution of sulphate of magnesia in ram or distilled 
water, from 50 b) 125 grammes of the comrnt'rcial 
salt being allow'ed for each cell. This li(|ui<l, entering the tube conmiiiing (he 
sulphate of copper, forms a saturated .solution whieh eollecls at tho bottom of the 
vessel n in conbict with the 1ow<t part of the copjier plate. Jt is evident that 
such a cell cannot he movc<l about without danger of mixing the sohitioiis. hut when 
left at rest it i.s very <‘oustant (Moidinger, /Vy//. A7in. eviii. 602). A simplified form of 
Meidinger’s biUtery has been described by Fincu.s {Jahreiih./. Cknn. IHOH, p. 99). 

7. Sir Willinin Thonmott'it Battery {Pror. li‘y. StH‘. M87ij xix. 253; Cfma. Sor, J. 
xxiv, 102}.— This is another DanieU’s battery in which the pmnis diaphragm i» 
di,M|:>en8ed w’ith. The cell is a round or rectangular glass jar with a flat bottom, 
which should be 10 centira. or more in depth, when permanence and I’ase of nm- 
nagement are of more importance than very small internal resistance, A disk of 
thin sheet copjxir is laid upon tlio bottom of the cell, with a copjMT w'ire, insulabd 
with gutta-percha, fastened to it b> seiw'o a.s elcctrcsle. A grating of zinc, also 
providwi with an electrode, is supp«jrte<i in tlio upper part of tlie jar, A glass tube 
(the charging tube) a centimetre or more in internal diameter, expanded to a funnel 
at the bjp, is supported m that its lower oj>on end may be als>ut one ceniim, alsive 
the copper. A glass siphon, with a cotton- wick core, or n capillary glass tube, is 
placed so as to draw liquid gradually from a level about 1^ centim. bIkjvo the copper, 
and to discharge it at a level slightly higher limn the upper eurfiico of the zine. 
To put the cell in action, the jar is filled with semi -sat nrated solution of zinc sulr 
phate, and finely broken crystals of copper sulphate are placed in the funnel at Uie 
top of the charging tube. To keep the cell in working <»rder,jpure water, or water 
one quarter saturated with zinc sulphate, should be added fwm time to time to 
replace that drawn off by the siphon, so as to keep the liquid m contact with the 
zine about half saturated with zinc sulphate. 

8. ^menaand Haiakda BaUery. — Messrs. Siemens and Haleke hare also intaodtieed 
a mtidified form of BanieH’s battery, intended to remain in action for a eoniudcrahhl 
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time without requiring attention. It is more complicated than Meidinger*s and 
requires a porous cell of peculiar form : for a description and figure we must refer to 
Poffg, Ann. cviii. p. 608. 

it is impossible to give any unqualifieil recommendation or condemnation of 
those or the many otlicr batteries that have been proposed' from time to time, since the 
qualities which are considered advantageous in a battery differ almost as much as the 
purposes to which it can bo applied. Sometimes compactness is the chief thing t-o bo 
aimed at, sometimes cheapness ; sometimes it is needful to be able to produce a 
current of short duration at any moment, sometimes a current is wanted to be of nearly 
constant strengtli for days togetlier ; si^metimes grejit electromotive force is required, 
and consequently a very large number of cells must bo used (in such cases the chief 
desideratum is simplicity of construction, so that the labour of charging the cells may 
be as small as possible) ; and in other cases, again, other qualities assume the greatest 
importance. In most cases a little consideration of the chemical and mechanical 
structure of a galvanic cell will leave but little doubt as to whether or not it is suitalde 
for any proposed purpose. For instance, it is obvious that cells in which tlio plates 
are small and far apart must have great internal resistance, and hence that a strong 
current can never be obtained from them, exetspt by combining a great number of them 
abreast ; again, if it is needful to leaivo a battery charged for days or weeks at a time, 
ordinary Grove’s, Bunsen's, or BanicU’s cells would be unsuitable, on account of the 
gradual mixture of the two liquids an<l consequent solution of the zinc which would take 
place : in such cases, Thomson’s, Meldingcr’s, Mari^-Davy’s, or sometimes Leclanchc s 
batteries might be used. In other cjises — as, f<ir instance, for the electro-deposition of 
metals, or whenever a strong current is Ui be maintained for a considerable time — it is 
essential that the capacity of tlie cells should bo large compared with the size of the 
plates, in order that the amount of cliemical action which takes place nuiy not affect 
any very great proportion, of the liquid or liquids with which the battoi'y is charged. 
It must also bo remarked further, in reference to tJic characters commonly ascribed to 
particular kinds of butteries, that the term * constant battery ’ is frequently used in 
two very different senses. On the one hand, batteries are often called constant if they 
give a current of sensibly the same strength w'hcn their terminals are repeatedly joined 
for a short time by the same conductor at intervals of a few liours or days ; whereas 
the proper moaning of the term constant, as applio<l to a battery, means that, if tho 
poles are kept joined by a given conductor, a current of sensibly constant strength 
will bo maintained for a greater or less length of time, and that, if tho resisUince of 
tho circuit is altered, the strength of tho current will alter in tho inverse ratio. For 
a battery to be constant in the former sense, it is sufficient that there should bo no local 
action when tho poles are disconnected, and no spoiibineous alteration due to tho 
mixing of the liquids employed or other similar cause ; these conditiims are sufficiently 
fulfill!^ by Loclanch6’s and various other Imttories, which are far from being constiint 
in tho true sense. Real constancy requires in addition that there sIkjuUI be no pK.)lari- 
sation (ii. 429, 424), or, in other wortls, that tho electromotive force should not vary 
with tho strougth of tho current. Prtjbably, properly constructeil Grove’s or BanieU’s 
cells, of sufficieub capicity, with wcll-amalgamatcKl zinc plates, and with porous parti 
tions sufficiently thick to prevent rapid mixing of tho liquids, come nearer to possessing 
this kind of constancy of action than any other combinations that have been prop>sed 
hitherto. A table giving the comparative electromotive forces of several kinds of cells 
will be found at p. 679. 

Tlaoiiuion*a Clalvaxiometer. In the ordinary double-needle galvanometer (ii. 443, 
444), tho moment of inertia of the needles is usually considerable as compared with 
the moment of the deflecting couple duo to a very weak current, and consecpiently the 
instrument is sluggish in its indications, and, if a current passes tl>rough it for only a 
very short, time, may not even show any appreciable deflection ; and again, when the 
astatic system has been deflected, its inertia prevents it from coming to rest again 
until affer a considerable number of oscillations, and thus renders it impossible to make 
a series of observations in rapid succession with this instrument. If we try to remedy 
these defects by reduejng tlie length of the needles, we run the risk of making the 
change of position duo to a small angular displacement imperceptible. In these 
respects the galvanometer devised by Sir William Tliomson is a very great improve- 
ment on the instruments previously in use. This is represented in its most complete 
form in fig. 14 . a and b in this figure are two rather flat metallic bobbins filled 
with coils of fine copper wire, well insulated throughout its length, and wound in 
opposite directions upon each. The back and front of the bobbins are made in separate 
pieces, which when put together leave a small free space between them, ns is shown in 
fig. 15, which represents a section of the bobbins and coils by a vertical plaiw 
passing through tneir axes. In this siMce is suspended by a silk fibre the astatic 
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divided scale d f, at a distance of about three feet. mirror, together with the 

two magneto and the connecting strip of aluminium, is shown in fig. 16 in its real 
size. All these parts are made so light that nil together they weigh only about three 
grains. When no current is passing through the instrument, the axes of the suspondetl 
magnets ought to be perpendicular to the axes of the coils, and the image of the slit 
ought to be fomio<l at tlic centre of the divided scale. In order to ensure the fulfil- 
ment of these conditions, the scale should be set at right angles to the vertical plane 
passing through the axes of the coils, and with its middle point, which ought to be 
directly over the slit, in this plane, and then the position of the large adjusting magnet 
F sliould be changed until the image appears in the required position. This adjust- 
ment can be made very accurately by means of the tangent-screw G. 

Another form of the same instrument, specially intended for use on board ship, is 
represented in fig. 17. In this instrument there is only one coil and one magnet, 


Fig. 17. 



and in order to counteract the effect s of tlie sliip’s motion, the magnet and mirror are 
fixed to the middle of a silk fibre, which passes exactly through their common centre 
of gravity and is stretched from end to end of a brass slide (represented apart at d). 
This slide fiU into a groove in the centre of the coil n, and the magnet is kept in an 
invariable position relatively to the coil, when no current is passing, by a broad steel 
horse-shoe magnet, n. The adjustment of the image of the slit to the zero-point of 
the scale is made in this instrument by moans of a pair of straight magnets placetl 
together with their like poles in opposito directions and contained in a brass tube at 
c : by moans of a rick-and-pinion motion these magnets can be slid over each other 
in opposite directions, and thus can be made to neutrtvlise eiich other entirely as to 
their action on the suspended magnet, or by making oho of them project beyond the 
other the action of either can bo made to preponderate to any required extent, 
loistly, in order to counteract the local attractions due to the iron of the ship or of its 
freight, the instrument is enclosed in a thick casing of wrought iron, a. 

It is easy to see that, with the scale at three feet from the mirror, the motion of the 
spot of light corresponding to any given angular deflection of the magnet will be 
equal to the tangent of twice the angle of deflection referred to a circle of three feet 
radius. This circumstance not only implies that very weak currents will produce sensible 
movements of the spot of light, but justifies us in concluding that currents which are 
not 80 strong as to send the spot of light beyond the end of the scale are proportional 
to the displacements they produce. Hence, for very weak currents a Thomson's galvano- 
meter is an accurate measuring instiaiment. It can also be used for the comparison 
of stronger currents if, instead of allowing the whole current to traverse the instru- 
ment, some known proportion of it only, not too great to let the spot remain on the 
sctile, be allowed to pass through it. For this purpose, a set of coils, technically called 
* shunts,* generally aJyusted so as to have respectively J, ^ ... of the resistance 
of the galvanometer-wire, are usually suppli^ with it by the makers. When one of 
these coils is put into the circuit, in multiple arc with the galvanometer, or 

... of the current passes through the shunt^ and only or respectively 

throv^h the galvanometer (see p. 565). 
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Zn4aetloiiBCaetUiie«a When a coil of wire surrounds an iron 
(Njre, any alt^ra.tion in the nia^etic condition of tho core produces an electromotive force 
in the wire ; and if tlio coil forms part of a clostni circuit, a cumuit is pixxiuceKl in it tho 
stroiigth of wliich is proportional to tho cltH'trijmotive force, but inversely proportional 
to the resistance of the circuit. Tho magnitude of the electnmiotivo force at any 
instant is proportional to tho numln'r of times tho wire pa.sses round the core, and to 
the rate at which the magnetic moment of the eore is varying at that instant; conse- 
ijaenily, the average electromotive force which acts in the w'iro during any given 
interval of time can bo increased either b}* increasing tlu> number of turns oi' wiro 
forming tke.coil, or by iucrensing the magnetic change taking place in the core during 
tho interval in qnt‘Stion, If, however, we endeavour to increase the stnaigth of the 
current, by augmenting tho electromotive force in the former of these ways, 41 p)int is 
rcachetl sooner or later beyond which any further addition to the Icngtli of the coil 
makes the current weaker instead of stronger; for, with jv core of finite length, only a 
limited number of turns of wire can bo placerl in immeiliato j)roximity witli it, and, if 
more wire is to be w'ouml round it, the ailditional length must he arraug<'il in oue or 
uK/re Ijiyers out.side the first, and therefore of greater <liameter, so I hat, after the first 
layer, the resistance of tho circuit tnereaseK m<»re mpidly than the electromotive force. 

Applying these eonsidemtions to the construction of magneto-electric machines, we 
see tlmt, other conditions being tho same, that mivchine will give the stinmgt'st cnrrimt 
in which the grcjitest length of wire is within a given <list4nice from tin* core, and in 
which tho changes in the magnetisation of the core jvre the nu)St eonsideriible. 

'rhese conditions are fulfilled much more perfectly in tho form of nmgrieto-olectric 
machine ilevisod l^y 8iemens {Po^g. Ann. ci. *271 [IS-OT]) than in the machliH*s previously 
construct e<l, sueli as those described invol. ii. jip. 45/>-4o7. The principiil pcculiariticH 
of this arrangement are: first,, that tho soft iom keopT or armature, to the la^versal of 
whoso magnetism tho induced currents are <lno, is magnet iscxl t.mnsv<‘rsely instead of 
longitudinally; secondly, that the action of tho permanent steel magnets, insteail of 
being eoncentnitcd upon the ends of the arnmiure, is distributed over ils whole length, 
t ’ousequently, at each reversal of tho magin;tic polarity of tho armature a much 
smaller coercive force has to be overcome than would bo the case if th(! niHgnot isation 
were longitudinal ; ami the permanent magnets, being separated a short distance 
from each other, instead of being combined into one laige magnet, retain their 
magnetism more completely. 

A p<*rspectivo view of a Siemens’s armature is given in fig. 1 8, and a t ra nsverse section 
in fig. 20 (p. 6<}0); a complete magneto-electric imudiine provide<l with one of these 
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armatures is represented in the upper part of fig. 19, tho fj-shaptvl bodies v being the 
pM-manent steel magnets between whtjse poles tho armuturo rot4ites. Tho armature 
itself is made by cutting two deep rectangubtr or semicircular grfxives along tho wrhole 
length of a cylinder of w-rought iron, so fis t/> leave the remainder with a tninsvei^ 
section approaching in shape to that of a dumb-bell, as shown in fig. 20. The wii^ 
forming the coil is wrapped longitudinally round tho piiM?© of soft iron, so as jcom- 
plcUdy to fill the giwives, as represented in figs. 18, 20. a and w, in the former 
figure, are the surfaces of the iron core, which assume alternately north and south 
magnetic polarity, as it revolves between the poles of tho fixed magnets ; at c there is 
a commutator consisting of two pieces of steel, insulated from each other, each of 
which is connected with one end of the coil ; i> and u are bra^s colhirs which serve 

keep the coil of wire in its place ; and p is a, pulley round which tho driving belt 
works. 

A very important improvement in the construction of magneto-electric machines, 
■whereby they were marie to produce eflfccts greatly suimassing anything that had 
been previously obtained, and were in fact converted into the most powerful g y eratow 
of dynamic electricity .hitherto constructed, was made by Mr. Henry Wilde, of 
Man-eater, in 1863 (Paimf Ho, 3006, December .1, 1863; J^oc. Hog, Soe» 
XT, 109 [1866] ; PkU. Mag. [4] xxxii. 148). Without entering into detaila of 
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nochanical construction in connection with Wilde’s mnchinos» we may state the poneral 
principle of his invention to consist in the employment of the current pixidnceti by a 
magneto-electric machine, with an armature such as has been dcscribeil, excite an 
electro-magnet, and in using this eloctro-ningnet to induce electric currents in the coil 
of a second armature of similar const ruction but larger size, Mr. Wilde was led to 
this mode of employing the current of the magneto-electric machine by the observation 
■u liich ho made that this current was capable, when used to magnetise soft iron, of pro- 
ducing electro-magnets of far greater |K)wer than the p< rinunent nmgnets l>y which it 
w'iis generated. Fig. 19 is a representation of a Wilde’s magnetti-clcctric machine ; the 
upper part consists of a simple magneto-electric macliine, and the lower part of 
a similar machine on a larger scale, with the substitution of the elccU'o-magncts n n, 
excited by the current of the smaller machine on the top, for permanent magnets. 
Tlio extremities of the magnets, in both the upper and the lower machine, rest ujmn 
two pieces of soft iron (cc, figs. 19, 20) of the same length as the armatures ; tluxso 
are hollowed out on the sides which are turned t<twards wich other, so that, with tlio 
pieces of brass, oo, by which they arc kept apart, they form two complete cylinders, 
within which the armatures revolve. 

When once it had boon usccrtaiiuxl that the current of a magnoto-clcctric machino 
could bo multiplied by causing it to excite an eUvtro-magnet in a stwond machine, the 
further step of carrying the multiplicjiti<»n to a higher ilegree, by combining together 
three or more machines, was obvious. Tliis step was miuio by Wilde, who usi^il t he 
enrront from a machine having six jK-rmanent nmgnets, each weighing 1 lb. and 
capaldo together of lifting about 60 lb., and an amialuro inch in <lianietrr, 
to excite the cloctm-mivgnot of a second machino, having an armature f) inches in 
diameter, while at the same time the current of tlio latter was made to traverse the 
('hvtro-magnctic coils of a thinl machine, with an armaturu 10 inches in diamctiT. 
When the annatures of this triple machine W(!re kept in rapiil rotation by a pow’or- 
ful steam-engine, a current of enormous power was obtained from the thiixl armatures 
When this armature was coiled with an insuhited coj)}xir conductor 67 feet long and 
weighing 3441b., /in<l was driven at a uniform spee<l of KfiOO revolutions per minute, 
the current was sufficient to melt pieces of a cylindrical iron risl 16 inches long aiul 
I inch in diameter, or an equal length of co}iper wire t incli in diameter. WIkju the 
end ujvon the armature (vmsistXMl of a bundle of thirteen e«>p)ter wdres 376 fix't long and 
wetgliing 232 lb., the same sjmed <)f revolution furnisliiHl a current which, wbmi 
allow’cd to pa.ss between risls of gus-cjirbon half an irieli scinarc. cast slia<lows of the 
fiames of street lainp.s at a distance of a quarter of a mile, and produced upon ordinary 
jibotographic paper in 20 seconds a bbwkening elTeet eqinil to that produced by the 
full sunshine of a very clear March day in one ininule. 

The next step in the improvement of magncto-elcct rlc nmchirics wms rnadiwdmost 
simultaneously by Drs. Werner and 0. W. Siemens {J'roc. h\n/. xv. 367 

j February 4, 1867]) and by Sir Charles WheatHbuu' (/Voc. /foy. *SV>c. tVm/. p. 369 
[February 14, 1867]). The genend principle involve<l in tlieir improvements may bn 
thus 8tate<i! If two pieces of soft iron, each of tliein slightly magnelisiKl and surround « I 
by a coil of wire, both coils laiing conncctel sous to form parts of a single closwl 
circuit, have their like pdes movotl towanls each otlier f>r tlieir unlike jKiles semralHl, 
a current will be induced in the coils in such a direction as to stnuigtnen tho 
magnetisation of tho pieces of iron. And since this current will bo proportional, otlier 
things being equal, to tho strength of tho magnetic forces which oppose'tho movement, 
end since these forces are themselves increased bv the oxisten^ of tho current itself, 
it is obvious that a continuous movement, under tho conditions that have Inen 
indicated, must produce a current in the coils of continually increasing strength, even 
if tho initial magnetism of tho soft iron were indefinitely weak. In onlcr to put this 
principle in practice, a magneto-electric machine was employed providcil with soffirrm 
olectrfj-magncts and a Siemens’s armature. If no current piss^ through the coils of 
tho electro-magnet, and if tho iron were quite unmagm^tic, no current wivs pr<Kluced hy 
the rotation of the armature ; but if a galvanic current be sent for a ehort time thniugli 
the coils of the eloctro-magnet, the residual magnetism retained by tho soft iron ufl^r 
the cessation of the current sufficed to produce a weak current, alternately in opposite 
directions, when the armature was made to revolve and the ends of the wire surrounding 
it were joined together. If now this current, after being reduceii to a eonstant 
direction by a commutator, was made to traverse the coils of the electromagnet in 
such a direction as to increase the slight magnetisation already existing, it was itself 
Htrorigt.hened by the result of its own effect on tha magn^« and in its turn 
increased still further tho power of the magnet, and thus again its own strength, 
lly the mutual action and reaction of armature and electro-magnet, * file mechanical 
rasisiance is found to increase rapidly, to such an extent that either the dririt^-etiUili 
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begins to slip or the insnlMted wires constituting the coils are heated to the extent of 

igniting their insulating silk covering’ (Siemens). i i i u 

But although currents of ahnost any degree ot intensity can be produced by the 
nrningonjcnt that has been indicated, a magneto-electric machine con struct e<l on tlna 
principle has the important practical delect that, in proportion as the current is 
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in r.rmluting external effects, so tho jvwer of the machine to generate a 
Trffi iLe^l /remeily for this was devisid by Mr. Lidd Pey. xr. 

4041 who adopt od the simple expedient of putting two armatures into the same machine, 
and employing the current •f one solely in maintaining the magnetism of the electnv 
m«ltnctl, while that of the other coold be «ee<J for any other purpose. In niMhinee -rf 
the Inreeat eire ho places the armatures at opposite ends of a pair of broad 
magneMn n). ns .shown at m and », fig. 21 ; in the .smaller machines the armalurea 
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ftre connected together with their axes of rotation in the same straight line, and the 
coils are wound upon them at right angles to eiich other. A maohino <d' this con- 
struction, intended to be driven by one or two men, is shown in fig. 2*2, and the 
double armature is represented separately at a b. (For a sketch of the mathematical 
theory of magneto-electric machines, see Maxwell, Proc. hVy. S»c. xv. 397. A 
a<’count of the construction and general principles of those above described is given 
l.y Berlin, Ann. Ckim. Phys. [4] xv, 169.) 


Blectrlo Resistance of Condaotors. The relations between the dimensions 
and the resistances of cylindrical electric conductors, such us metallic wires, shited at 
p, 466 of vol. ii., may bo expressed mathematically as follows : 



where p denotes the resistance of the particular comluctor under consideration, I its 
length, a the area of its cross-section, ;in<l K a coelficicnt, called the ‘specific resist- 
ance’ of the material of the conductor. This c.wlficient expresses the resistance of a 
portion of the conductor having unit length ami xinit seetum, and lias a constant value 
for the same material under the same c^mditions. It is frc<piently easier to determine 
by direct experiments the weight and specific gravity «»f a conductor, than the area 
of its cross-lsection, but the latter number can be easily calculated fn>m the two 
former; thus, let wj be the weight of the conductor, and s its specific gravity, or the 
wi'ight of a pc>rtion of unit length and of uniform cross-scction equal to the unit of 

area, then a =s Substituting this value of a in the last o<iuatiou, wo got 

I s 

(> = Rj. 

w 


which shows that the resistances of co!»ductora of the same material are proportional 
t-o the squares of their lengths and inversely proiwrtioual to their weights. 

In the «iso of a conductor having a circular sectif>n, such as a well-drawn wire, the 


area of the section may be calculated from a mca«\u*ement of the diameter, which may 
he made either under a microscope or by means of a micrometer. Then, since, if d bo 

the diameter, a ^ (ho resistance of the conductor may bo expressed in rcforoncd 

4 

to its length and diameter thus ; 

p - R 


1*27324 R 




U‘ 


The following table (p. 564), calculated from Matthiessen’s detcmi inn! ions by F. 
Jenkin (Journ. Soc. Arts, February 23, 1866), gives the values of the prislucts Ks and 
1’2732 R for wires of several of the most important mrdals, expressed in terms both 
of the British and the metrical standards of length and weight, and referred to the unit 
of electrical resistance adopted by the Committee of the British Association on 
Electrical Standards. 

An example will show the mcslo of using this table. For instance, lot it be required 
to know the resistance at 0® C. of 240 feet of hanl-drawn copper wire weighing 
16^ lb. The first column of figures gives, for the resistance of 1 foot of wire weighing 
1 grain, the number 0*2106 : hence the resistance of 240 feet weighing 16^ lb., or 
1 16,500 grains, is 

0*2106 K » 0 105. 

115600 

If the length and weight of the wire whose resistance is required be given in metres 
and grammes, the calculation must of course be made in the same way, using the 
num^r given in the second column of figures. Again, to find the resistance of 10,000 
metres of hard-drawn copper wire iuiving .a diameter of 2*5 millimetres, we must us# 
the fourth column of figures; in this case the calculation would be 


0 02104 X ' . - 33*664. 

2*5 X 2*6 

For short rauges of temperature within ordinary limits, the resistance of m^aJlie 
conductoni increases very nearly propf>rtionally to the temperature, and, as Hatibicssen 
has shown {Phil. TVaiss. 1862, p. 23) — ^with the exception of iron, the resistance of 
which varies between O'* awl 100® C., in the r^io of 1*0 to 1*62' — the resistance of the 
»v>8t important metals in a state of purity varies almost exactly at the sanm rata. 
The numbers in the last column of the table give the approximate percentage vinatiott 
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Beslstance at 0° C. of Wires 


Approximate 
percentage 
Tariatioit of 
resistance, 
per Pat 20® C. 


1 foot long 
weighing 

1 grain 

1 metre long 
weighing 

1 gramme 

1 foot long, 
0*001 inch 
in diameter 

1 metre long, 
0*001 metre 
in diameter 

Silver, annealed • 

0*2214 

0*1544 

9*151 

0*01937 

0*377 

„ hard-drawn . 

•2421 

•1689 

9*936 

•02103 


Copper, annoialed 

•2064 

•1140 

9*718 

•02057 

0 388 

„ hard-drawn . 

•2106 

•1469 

9*940 

•02104 



Gold, annealed . 

•5849 

•4080 

12*52 

•02650 

0*365 

„ hard-drawn 

•6950 

•4150 

12 74 

•02697 



Aluminium, annealed . 

•06822 

*05759 

17-72 

•03761 

— 

Zinc, pressed 

•5710 

•3983 

32*22 

•07244 

0*365 

Platinum, annealed . 

3*536 

2*464 

65*09 

•1166 

— 

Iron, „ 

1*0785 

*7522 

69*10 

•1251 

— 

Nickel, 

1*2425 

*8666 

75*78 

*1604 



Tin, pressed 

1*317 

•9184 

80*36 

•1701 

0 365 

Lead, „ . . 

3*236 

2*257 

119*39 

•2527 

0*387 

Antimony, pressed .. 

3324 

2*3295 

216*0 

•4571 

0*389 

Bismuth, „ 

5054 

3*525 

798*0 

1-689 

0 354 

Mercury . . , 

Platinum- *11 vor alloy 

18*74 

13 071 

600*0 

1-270 

0*072 

(2:1) . . . 

4*243 

2*959 

148*35 

•3140 

0*031 

Gorman silver . 

2*652 

1 850 

127-32 

•2695 

0*044 

G old-silver alloy (2:1) 

2*391 

P668 

66*10 

•1399 

0*065 


of rcsistivnco for 1° centigrade, for moderate intervale of temperature above or below 
20° C. The general effect of changes of temperature between 0° and 100*^ C. may bo 
expressed, according to Matthiessen’s experiments, by the following formula : 

Pt = Po (1 + 


whore is the resistance of a conductor at tlio tempor5\ture C., po its resistance at 
0 \ and a and b are coefficients depending on the material of which it is composed. 
The following table gives the Values of these coefficients for several cases : 


Pure mctiils 
Mercur}" . 

Gorman silver , 
Platinum-silver alloy 
Gold-silver alloy 


a 

+ 0003894 
-h 0 0007485 
+ 00004433 
+ 0*00031 
-f 0*0006999 


b 

+ 000000252 

— 0*000000398 
+ 0000000152 

- 0 000000062 


The following ttiblo gives the results of P. Kohlrausch and Nippoldt’s experiments 
{Pogg. Ann. cxxxviii, 385) on the resistance of flihilo sulphuric acid of various d^recs 
of concentration. The numbers in the third and fourth columns give the rosistnitco 
nnd conducting power at 22° C, of a column of aci<l of given length and section as 
Comparo<l witli the resistance and conducting power of a similar column of mercurv at 
0° (I taken as unity. The last C4>lutnii gives the percentage increase of conducting 
power for a rise of temperature of 1° C. : 


licsistance and Conducting Power of Sulphuric Aad. 


. 

Specific gravity at 
18*P 0. 

Hydric sulphate 
per cent. 

Specific resistance 
(Mercury = 1) 

Specific conduct- 
ing power 
(Mercury =1) 

Percentage varia- 
tion of conducting 
power per degree 
centigrade 

1 0504 

83 

34465 

0000029015 

0 653 

1*0989 

14-2 

18910 

52881 

0 646 

1*1431 

20*2 

14962 

66837 

0*799 

1*2046 

28*2 

13108 

76290 

1*317 

1*2631 

352 

13107 

76293 

1-259 

1-3163 

41*6 

14259 

70130 


1 3597 

460 

157 2 

63505 

1*674 

1-3994 

604 

17692 

56523 

1'582 

1*4482 

55-2 

20756 

48182 

1*417 

1*5026 

60-3 

25525 

39176 

1*794 
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From these determinations, it appears that the mixture of hydric sulphate and water 
which possesses the greatest conducting power has the sp. gr. 1'‘233 at 18’6°, and 
therefore contains 31*5 per cent, of hydric sulphate, and that the conducting pi»wer of 
tills acid at 22° is 0‘000077274, that of a similar cot uiun of mercury at 0° being taken 
as unity. The last column of the table shows that the variation of conducting power 
fur a change of temperature of 1° is sensibly proportional to the perconti\go of hydric 
Hulphato in the solution. Calling the jicrcentago variation for 1° 5, and the percentage 
(*f hydric sulphate the experiiueiiUil numbers give, when comiuirod by the method 
uf least squares : 

8 = 04680 + 0021 9 

And by help of the coefficient thus ciilculated, the conducting jxiwer kt at any tempem- 
turo t"* may bo deduced from the conducting ^>ower at 22°, by the formula: 

i, = (< - 22)]. 

Rtsisfance of Co7iductor8 variously combined , — If any two points, v and Q, are 
ctninected U‘gether by two or more conductors, a, ii, c . . . having sejuirately tho 
n-speetivo resistances p^, pa • ■ • •* c<unbiiie<l together in scries, as in fig. 2*. 
the rosislaneo r of tho whole combination is evidently equal to tlio sum of I 
resistances of tho separate conductors, or 

r « Pi + Pa + Pa + * • • 


Fio. 23. 



If, on tho other hand, tho conductors ^ro connoeto<l in muHipU arc, as in fig. 24, th« 
total resistance botwcon tho two given points is ropresonUxl by 
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PiPaPfl 

PaPa + PiPa + PiPa* 


This relation may bo easily proved ns follows : Let k^, fc^ . , , XI bo tho respective 
conducting powers of tho several conductors a, n, c, and of tho combination of thorn 
r« presentotl in fig. 24 ; then, by the definition of resistance and conducting power, 
we have : 




1 

Pi 





Further, it is evident that tho conducting power of tho combination fig, 24 must be 
e<iual to tho sum of tho conducting powers of the separate conductors, or 

Xk' a* + Xj + p3 ; 

whence 


* * ^ I 1 1 fg rir-srif - 

**«i + *a + *s — PsPa + PiPs + PiPi* 

^ ^ Pi Ps Pa 

To find the strength of the current in tho several branches of a compound oonduettr^ 
system, such as that indicated in fig. 24, wo have to consider that tho strongth of tM 
current in the vodiviM part of the circuit is equal to the sum of the cuRonts tn the 
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branches, and also that the same electromotive force acta in each of the branch- 
conductors. The former relation is expressed by the equation 
C = Cl + tfa + • • • • (^)» 

where C represents the strength of the current in the undivided part of the circuit, 
and c , Ca. and Cg the currents in the branches a, b, and c respectively. The laUcr 
relaticm gives rise, by Ohm’s law, to the equations 

e = <?ipi = CzPa = CaPa .... ( 2 ), 

in which e stands for the electromotive force between the points p and Q. Substituting 
for C.J and c., in ( 1 ) their values in terms of given by ( 2 ), we get, for the strength 
of the current in tlie conductor a, the value 

P 2 P 3 


“ PiP:^ + PiPa + P1P2 ’ 

and, by pixiceeding in a similar way, we obtain the values of and C 3 , namely 


and 


, P^s 

' P2P3 + PiPa + P1P2' 


C 


P 1 P 2 


' PyPil + P 1 P 3 + P 1 P 2 

Tho corresponding expressions for tlio strength of tiio current in any one of any 
number of conductors connectitig tho same two points is easily obtainwl from he 
above, if it is remembored that the nuiheratorin each case is the product of all the 
resistances vxerpt that of the branch in question, and that the denominator is the 
sum of a series of terms formed by multiplying bigether all the resistances except the 
first, then nil but the second, and so on. A case of very frequent occurrence is a 
combination of two conductors in multiple arc: the expressions for the strength ot 
the currents in the two branches are then 

C 


= C- 


Pi 


— , and Cn 
+ P 2 ’ . 


Pi + P2 


Method of Comparing ne8ist(Wiccs.--T\xo method of measuring tlie resistance of 
conductors liy comparing them with a rheostat, ns described at p. 467, vol. 11 ., is not 
capable of giving very accurate results. Of the various more exact methods that 
have been devised, those which arc most generally applicable are inodifications of 
that introduced by Sir Oliarlcs Wheatsbme in 1843. lu^id known as Wheatsioms 
Electrical Bridge or Balance {Vhd. Trans. 1843, p. 323). The general principle of this 


Fio. 2.7. 



method may be explained by help of the diagram, fig. 25, whqpe b represents a 
galvanic battery, connected by wire.*?, a and 5, with the thick copper conduct^ ca 
and a A ; Q is a delicate galvanometer ; and M, N. p, and q are resistances. One ot 
them; for instance q, is tho resistance to bo measured ; its neighbour f consiste of 
a rh^stat 6r a graduated set of resistance-coils, so that it catt be increased or 
diminished at will to any required amount; and m and n aro a^usted so as to be 
equal, or to bear some other simple known ratio to each Other, x and K are 
connected by the thick copper ctmdnctor e, and p and a by the similM conductor /* 
and each of these conductors is connected by a branch- wire with one tenniaal of tno 
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piikanometer. The process of measurement consists simply in ullerinf^ the valiu' of 
the resistance P, until, when the battery-circuit is completed, no current ^xisscs throufifh 
the giilvanornetor, and the needle conse<juentiy remains at rest. When this is the 
c:ise, it can bo shown, by the laws of divided currents which have just been stattnl, 
that the resistance p is to the resistance q in the same ratio as tlie resisttince M to the 
resistance N, and consequently the value of q is given by the otjuution ; 


a = p 


N 

M* 


To prove this, let C denote the strength of the current in the undividwi part, an A, 
of the circuit. The current incMcisof the same strength as the current in eNy, 
and that' in c? p/ is equal to tliat in /q A. for, since no oiu'rcnt passi s tlirougli the 
galvanometer, the currents in c// and d h are not modified by ibo presence of the cross 
oonnection co/. Acc.oi’dingly, let the strength of the current in bo denottMl 

bv Cl, and the strength of the current in dvfi^ h by C.j^. Then, since the resistance of 
the former bnincli of the circuit may bo represontod !>y M + N, and that of the 
latter by P + Q -tlio resisbiuces of the connections c, d, c, /, </, h being ue^^ligiblo 
in comparison-- wo have 


C, 


p -t a 
IVl + N ‘ ‘ 


. . (a). 


l-urther, let C/ represent the part of the current C, which would flow from c to /’ if 
the current C 2 did not exist; and lot (•./ n^present the part of the ciirrout C^ which 
would flow from / to c if the current Cj did not exist ; wo have then 


and 


. 4' 


C' A- V 


These currents, Ci'and C.J, would traverse the galvanometer in opposite diroetlcms ; 
blit, since, in the actual experiment, the galvanometer remains at rest, it is obvious 
that C/ and C 3 ' must bo equal to eacli other, whence 

CiN « C3Q 

or 


Equating the values of 


C3 


whence 


given by cquatioDs (a) and (b) and traiisiK>»ing, we get 


P 

a 


P + a M + N 
Q " N ’ 

= 'll. or 4 - r 

N 


N 

M‘ 


(For further details relating to the electrical balance and the mode of using it, see 
Jenkin, ZfnY. ^«soc. /fcjp. 1862, p. 169; Matthiesson and Hockin, Brit. Astoc, lie/K 
1864, p. 362 ; also The Laboratory, 1867, pp. 343, 391, 423.) 

In certain cases the comparison of resistances by means of the electrical balance 
requires special precautions or corrections. If, for instance, one of the conductors 
to be compared consists of altemuto j^ueces of two different metals connected to^ethsr 
end to end, os in the thermo-eloctnc pile, the passage of a current through it will 
cause the points of junction of the metals to be alternately heatcil and coolecl, and 
will thus generate an electromotive force, oppewed to that of the battery, which, in 
the comparison of resistances, produces the same effect as an increase of resistance. 
This inverse electromotive force is proportional to the difference of temperature at the 
alternate metallic joints, and therefore doefi not acquire a sensible value if the current 
is allowed to pass for only a very short time ; if however the current is maintained, ths 
inverse electromotive force finally attains a constant maximum value prop^ional to 
the strength of the current. The effect of this is, as has been shown by Beets {Bogg. A»i^ 
cxxix. 520), equivalent to a constant mlditional resistance, independent of the strengtil 
of the current. Analogous phenomena, causing a compiicstion in the measurement 
of resistance, arise in tibe case of electrolytic conductors, in whWi an inveife electro- 
motif© ftivee is caused by the polarisation of the electrodes already described <u. 42fl)i 
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In this cnse also the inverse force gradually increases from zero to a constant 
jiiaxiraum when the current is kept up continuously; it is probable thero'bro that, 
by employing comparatively large electrodes and currents of very eh'*rt duration, 
it would be possible to prevent its prttducing very serious results. But the only 
gononilly applic^iblo nioth<xl yet devised, by which its effects can be entirely got rid 
of, consists in the employment of a rapid succession of currents of short duration 
alternately in opposite directions. By the employment of a process founded up)n 
this principle, F. Kohlrausch and Nippoldt have proved conclusively that, when the 
disturbing effects of polarisation are got rid of, Ohm’s law (ii. 459) applies to 
electrolytic as fully as to metallic conductors Ann. cxxxviii. 280, 370). 

Standards of Zlectrloal Aeslstanoe. In order that the results obtained by 
comparing the resistances of various conductors may be comparable among them- 
solves, it is needful that one term of the comparison should either bo identically the 
same in every case, or else that it should boir a known relation to some one 
invariable stiinclard. Accordingly, various propositions have been made from time to 
time with a view to induce different experimenters to use the same standard or unit 
of resistance, and so to make the results of their experiments mutually coinpirable. 
Hitherto, however, no one standard has come U) be universally employed ; and the 
comparison of measurements made by reference to the different units which are in 
partial use presents difficulties of the same kiiul as, but greater in degree than, tlm 
comparison of measurements of length or mass- cxprosso<l in terms of the sUindards 
employed in different countries. The following Uiblo gives the approximate relative 
values of the sUvudards of electrical rosisbinco most commonly referred to in scientific 
writings : 

Standards of Resistance. 



[Aufhtyritm. — • Calculates! from ^ and •, ^ Siemens, Pog^. Ann. cxxvii. 842; 

Fortschrittc der Physik, xxii. 372. " Matthicssen, Brit. Assoc. Rep. 1864, 349. 

<• Calcuiattxi from ^ and • Weber, ‘ Galvanometrie,’ Foriachritte der Physik^ 
xviii. 427. ' Weber, Elektrodynamiseke Maassbestimmungen^ 2te Abhandl. p. 252. 
« Oalcxilated from • and ^ Calculated by Wiedemann {Oalvaniamua, ii. 916) from 
Siemens’s experiments, Ann. cx. 9 and 13.] 

In this table, the numbers in each vertical column express the instance of the 
standard nameti at the head of it in terms of the other standards, while the numben 
in each horizontal line give the relative resistances of the several standards. These 
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mimliore, howoTer, cannot lay claim to any high degree of ncniracy. aa einct inter- 
loinparisons of the various units are wanting. The nature of the units adopted hy 
Weber and by tlie Committee of the British A.sseciation, and the moaning of t!»o 
ditinilions of thorn given in tho table, will become more apparent from what 
follows. 

It' electrical resistance were an independent magnitude, it would be, compamtively 
sjH'aking, a matter of indifference wliat unit was adopteni for inoasnring it, so long us 
tho unit itself liad an accurately dofiiuHl value ; but, seeing that electrical resistance 
c;\n only bo defined by retorenco to tho ctirrelative tuaguitudes elect fo motive force and 
cltctric current i it is obviously dcsinible that the units adopted for tho ineasiiroraent of 
resistance, electromotive force, and electric current should bo chosen so as to express 
the mutual relations of these magnitudes in the simplest and most direct way jx^ssihle. 
Wlicn the same electromotive force acts in circuits of various lengths, or coinixiswl of 
VMriouH materials, it pnxhtces in general electric currents having <hfferont <hgrees of 
slnngtli ; and the * resistance’ of each circuit is simply the name given to that(|uality 
of it which di'tcnnines tho strength of tho current productMl l)y a given electromotive 
force. According to Olini’s law, tho resistance It of a ciix’uit iii which the electromotive 
force K produces tlic current C is exprcssi d by llm formula 


where n is an nrliitrary eonstaiit depending upon the units of measurement adnpli'd for 
It, K, and C. Tho pliysicnl meaning of u l)ecunies apjiarent if wo suppose that H and 
1.' each => 1 : the above expression then becomes 

11 = ^T, 


which show's that a is (1) the resistance of a circuit in which unit eloctroinotive force 
would produce a current of unit strength. Again, if wo make 13 = 11 - 1, we get 

C =; a ; or, by mak’ug C R =» 1, w'o find \ = a ; whence we see that a may also 


be defined (2) as the strength of the current produced by unit electromotive force in a 
circuit of unit resistance, or (3) as the reciprocal of the eloctromotivo force rerpiiriHl to 
priHliico the unit current in a circuit of unit resisUnce. Now it is obvious from tlnjMO 
relations, that whatever bo the units adoptotl for measuring two of the magnituiles 
li, K, and (!, it is always possible to choose such a unit for tho ineiisureuient of tho 
third as will make the coeffident « = 1. In this case the formulco expressing Ohm’s 
law assume their simplest possible form, namely, 


R 


E 

C’ 


C 


K 

11' 


K =. CR, 


and the unit of resistance would tlien lo defimxl as (he reshfance of a circuit in U'hich 
Vfiit chvtrojnoiive force produces the current of unit strentjfk. Ohm’s law Llieri determines 
tlif relation whieli tho uuitii of resistance, current, and eleetromof ive force must beaf 
to eai‘h other in ortier that they may form a coherent system ; but it leaves iw free to 
clifHi.so any two of them quite arbitnirily. 

A further condition, how'cver, which a satisfactory system of elwtrical incHsurifS 
inu.st fulfil, is that of expressing conveniently the relations of electrical to other 
I'hysjcal magnitudes. Tho most fundamental of these relations are det.cnninetl by 
Joule's discoveries of the laws jicconling to which mechanical energy and tho energy of 
current electricity are respectively converted into hcjit. Tlicse laws are expressed by 
the equations 

W « JH 

and 


n - A.c»R<f, 


whore J stands for tho mechanical equivalent of heat, W for tho nurabor of unita of 
Work whieh mtuft bo expended to produce tho same quantity of heat, IJ, us would bo 
poKluecsl in the time < by a current of tho strength C in a conductor of tho resistance 
K, ami h for a instant depending on the units of measuromont for boat, current, and, 
resibtance. Combining the two equations, wo get • 

W . JA.C'iM - JA.EC< . JiFfc ' 

JK 

If we suppose C to denote a current of unit strength, B a unit of reabtanee, and t a 
unit of umc, the value of W becomes 


Vf ^Jb. 
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B»t, in a natural system of measures, the unit current circulating for unit of time in 
a conductor of unit resistance would perform unit of work or its equivalent. In order 
that this condition may be fulfilled, the units adopted for the measurement of work 
and for the electrical magnitudes E, C, and R must be so chosen as to make tho 
factor = 1. We then get, for the work done by an electric current in unit of time, 
the expressions 

W - cm = EC 

R 

establishing a relation between the unit of work and the electrical units. But the unit 
of work is defined, independently of electrical phenomena, as tho work done by tho 
unit force when it acts through unit of distance ; and the unit force is itself defined as 
the force required to impart unit velocity to unit mass in the unit of time ; conse- 
quently, the measurement of work involves reference only to tho fundamental physical 
unite of space, time, and' mass. If then we can define either the unit of electromotive 
force, of current, or of resistance, without reference to anything beyond the same 
fundamental unite, two of the four magnitudes occurring in tho above equations are 
detennined, and the equations themselves suffice for determining the other two. Now 
the phenomena of the mutual action of electric currents and magnets afford the means 
of measuring both electric currents and electromotive force in terms of the units of 
space, time, and mass, and therefore of obtaining an independent definition of tlm 
natural unit of each. From tho units thus determined, the unit of resistance can be 
deduced by Ohm’s law. Hence a system of electrical measures can be based, either 
upon the phenomena of electromagnetism alone, or upon these phenomena taken in 
connection with the laws of the production of work by electric currents ; and if tho 
experimental data required in each case were perfectly accurate, tho measures obtained 
by tho two methods would bo identical. Hitherto, however, it is probable that the 
measures derived solely from electromagnetic phenomena are tho most trustworthy, 
and it is upon them that both Weber’s unit of resistance and the British Association 
unit are founded. By definition, these two units would be identical (except that, as a 
matter of practical convenience, the B. A. unit is taken 10,000,000,000 times as great 
as Weber’s), were it not for experimcntel errors. 

Standards of measure which, like those wo have been discussing, are derived from 
the units of space, time, and mass, are often called absolute stendards, not as implying 
any special accuracy in the measuremente made by means of them, but in contradis- 
tinction to comparative measures, which merely enable us to express the relation between 
tho magnitude to bo measured and some other magnitude of its own kind. Thus, the 
cubic foot, or tho cubic inch, may be called an absolute unit of capacity, while tho 
gallon, or the pint, is merely a relative unit 

We shall now try to explain the general principles of the methods by which 
electric currents, electromotive force, and resistance can be measured in absolute 
units. 

Absolute Measurement of Electric Currents . — Tho force exerted by an element of the 
iiength a of a current of the strength C upon a magnetic pole of intensity M, at a 
distance r in a direction making an angle 6 with tho tangent to the current at the 
position of the element in question, is directly proportional to the length of the element 
of the current, to the strength of the current, to the intensity of the magnetic pole, 
and to tho sine of the angle 0, and inversely proportional to the square of the distance: 
and its direction is perpendicular to tho plane passing tlirough the element of the 
current and the pole. The force may therefore be represented in magnitude by the 
formula 

^ _ sCM sin d 

If the current is carried round the circumference of a circle with the magnetic pole a' 
the centre, each element of it is at the same distence from the pole, and sin B ii 
throughout equal to unity, and the plane containing the whole current also containi 
the polo ; hence the resultant force F exerted by the entire current is the produc 

of the f exerted by eqph element into the number of elements in th 

whole circumference, or 

F =» 

r 

If, instead of a single magnetic polo at the centre of the circle round which ih 
current passes, there is a complete magnet with poles of the intensity M and —111 
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Ijut with the distance between them, L, so short, in comparison to the radius of tho 
circle, that each jpole may, without sensible error, be reganled as at tlie centre, the 
two poles are subject to equal parallel forces in opposite directions ; tiud the per- 
pendicular distance between the lines of action of those forces is L cos a, if a be 
the angle which the axis of the magnet makes with the plane of tho current, 
('ousequently, tho magnet is subject a statical couple, Uunling to set its axis perjam- 
dicular to the plane of the current, the moment of which is 

G = FI^ cos a = cos a, 
r 

w hero fi = ML stiuids for the magnetic moment of the magnet. If tho plane of tho 
current bo vertical and coincide with tho plane of tho mivgnctic meridian, the magnet 
is also subject to a couple, tending to sot its axis parallel to tho plane of tho current, 
of which the moment is 

E a* lip sin a, 

where U is the horizontal component of the earth’s nnignctlc force. The magnet there- 
toro, under tho n,ction ot these two opposing couples, comes to rest in such a position 
tliat their moments are equal, that is so as to make 

cos a = Um sin a. 

r 

This equation gives, for the strength of tho current in terms of tho riuliiis of the circle, 
tho deflection of tho magnet from the meridian, ami the Iiorizontiil aiuqKinont of the 
earth’s force, the expression 

C == tan «. 

2t 

Hie conditions that have been supposed in deducing this formula are approxi- 
mately fulfilled in the simplest form of tangent-galvanometer (ii. ; the 
observation of the deflection which a given current produces on a tangent-galvano- 
Tiieter of known radius aflfords a measure of the strength of the current in al^soluto 
units, When the horizontal component of the earth's magnetic force, at the time 
and |>]ace of the experiment, is known in ab.solut« measure. (See iii. 7H1, 782,) Th»‘ 
definition of tho unit current which results from this mode of ineasufemeiU is as 
follows : 

A current of Unit strength is a current of which tfie unit tength placfd ahmg the 
eirenmference of a circle of unit radius {the current therefore occupying an arc of 
.')7®‘29578), the plane of which is parallel to the lines of force of a magnetic field of rmit 
intensity^ would cause a short magnet suspended at the centre of the circle to be defected 
through an angle ( = 45^) whose tangent is unity. 

Or tho same definition may be put into a form in which it is more directly applici\blc 
to the tangent.-galvanometer, thus : 

A current of unit strength placed once round the circumference of a vertical circle of 
unit radius, in the plane of (he magnetic meridian, will cause a short magnet suspended 
at the. centre of the circle to be defected through an angle vdiose tangent is 6'2H32 (» 2t) 
divided by the absolute horizontal intensity of the earth* s magnetic force at the time and 
pi ace <f observation. 

It will be seen that, in order to determine the strength of a current in absolute 
measure, by means of tho tangent-galvanometer, the absolute intensity of tho earth’s 
hr>rizontal magnetic force must have been a8Certainc<l by independent observations. 
Hut if the current be made to traverse a coil of wire, suspended so that its axis is 
horizontal and perpendicular to the magnetic meridian when ho current is passing, as 
Well as a tangent-galvanometer, the observation of the deflection of the coil cximlnnod 
with that of the tangent-galvanometer gives, as has been shown by Kohlmusch, the 
data for determining simaltaneously the absolute horizontal force of the earth and the 
absolute strength of the current. The general principle of this meth<xl may Imj stated 
as ff'llows : When a current of the strength C traverses the coil, it deyelomi a statical 
couple tending to set the axis of the coil parallel to the magnetic meridian, llie nunneot 
of which is obtained by multiplying the strength of the current by the horizontal 
tnagnetic force of the earth H, by the total area A enclo^ by the coil (that is, tha 
»oean area enclosed by a single turn of the wi^e multiplied by the number of turns), 
»nd by the sine of the angle » which the axis of the coil makes with the magnetic 
Woridian ; but the coil is afio subject to another couple, tending to set its axis jjpNBrpeu* 
dicular to the nmidiaOi the monmot of which is, the coefficient of toriicn-elaiUeity- fM 
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tho ButDCDdwe wires T, maltiplied by the angle ot dedeetion 0 / tfie wi7. Benee th, 
^iZJ^f eg3librmm of the eoil, when the current is passing, isdeUrmined by the 

CH.A ein /8 = T (90»-/8) 

" ch = T(?oO::0 (,). 

A.sinjS 

And the simultaneous observation with the tangent-galvanometer gives 
C r 


H 2ir 


(b). 


Q, 


The combination of these two equations, (a) and (b), gives both C and H in absolute 
measure. (For further details, see F. Kohlrausch, Pogg, Ann. [1869] cxxxviii. 1.) 

• Absolute Measurement of Etectromotive Force.— The electromotive force of a galvanic 
battery, or other equivalent apparatus, may bo defined as the quality in virtue of which 
it temls to do work by the transference of electricity from one point to another; and 
it may bo expressed numerically by the amount of work done during the transfer of 
the unit quantity of electricity. Thus if W be the work done by the chemical or other 
forces of the battery, during the transfer of the quantity of electricity Q through the 
circuit, the electromotive force of the battery may bo represented by 

W 
Qt" 

the last expression being applicublo when the electricity is transferred in the form of a 
current of uniform strength C lasting for the time t. Hence the olectronlotive force of 
a battery may also bo said to be the work done when a current of unit strength is 
maintained for unit of time. The work may of course be of various kinds, as, for 
example, production of heat ; work against gravity, as when weights are raised b:^ an 
electromagnetic engine ; work of acceleration against inertia ; chemical work, as in a 
voltameter; magnetic and electrical work, as in an induction coil ; but in the above 
formula it is supposed to bo always expressed in absolute mechanical units. 

But, just as electromotive force docs work in a conducting circuit through the agency 
of the current which it produces, so, conversely, work done upon a conductor may give 
rise to electromotive force, and therefore to a current, if the coiKluctor forms part of 
a closed circuit. This fact, coupled with the condition that the (doctromotive torco 
developed when unit of work is expended per unit of time is to bo taken as the unit of 
electromotive force, serves as the basis for the absolute measurement of electromotive 
force. The principles of the measurement will bo easily understood from tlie following 

*^If a current of the strength O' circulate in a rectilinear conductor of length I placed 
at right angles to the lines of force in a uniform magnetic field of intensity H, every 
element dl of the current is subject to a force equal to 

HCW^ 

in a direction perpendicular to the current and to the lines of force. The resultant 
force acting upon the whole length I is therefore the sum of the forces acting upon the 
several elements of it, or 

F = HC7; 

and if the conductor bo displaced through the distance D porpondiculorly to itself and 
to the linos of force, and in opposition to the force F, a quantity of work w will have 
been expended in producing the displacement which is expressed by 
w = FD HCr/D, 

or, if the displacement take place with the constant velocity v and occupy unit of time, 
we may write 

w » HCT/u. 

If E bo the electromotive force acting in the conductor when at r<»t, the work (in thi 
case simply evolution of heat) done in unit of time by the electrical forces when the 
strength of the current is C', will be 

W = Ecr. 

But the principle of the Conservation of Energy requires that, when An ^ 

work w is done upon the conductor by external forces, the equivalent of this work sbau 
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make ita appeamnca in the conductor ; honcc, during tho diaplacement, for the vhole 
quantity of work developed in tho conductor per unit of time wo liavo 

W' « W 1- 

Put in order that a quantity of work W' may bo dtmo in a conductor in a unit of timi 
by a current of strength C, the olectroinotivo force must bo E’, such that 

W' n= KC'. 

And this expression, taken in connection with the hist three, gives 
E’ = E + Il/e. 

Ilenco woBoo that by displacing the conductor in op})o.sition to the electromugnctic fortes, 
the electromotive force acting in it has been incn*asHl by an anumnt H/u; or, in other 
words, that tho movement of the conductor lias develcjprd an additional electruiuotivo 
foivo proportional to tho length of tho conductor, the intensity (d llm magnetic tlehl, 
and the velocity of the motion. And in onler that the relation between tlie ex^X'mU-^ 
lure of work and prixluction of electrical effects may be <‘xprcsse<l in tho siinpleBl way 
jM>.ssiblo, tho electromotive force developed under conditions sueh as we have been 
considering must bo measured numerically by the prtjduct H/n, which is (Viuivaleut to 
iul<*j>ting as tho unit of cdoctnunotivo force the ale^ tromotive forve ilt'vehqu'd ii'hni a 
rectilinear condxicior of unit length is moved with unit velocity at rUjht angles to its 
erum hngih and to the lines of force, of a rnagvetk' fdd of unit inteusifi/. 

Although the preceding considerations sutlieoto afftml a perfectly definite cfuiccption 
of tho mechanical unit of eiocti'omotivo force, it would bo oxmiiingly difficuh, in 
practice, so to arrange matt<‘r8 as to cause elect roniotivo force to be continuously 
develojKKl under the }»recise conditions which, fi>r the sake of simplicity, wo have taken 
ns the basis of tho above discussion, Put tlie principle would remuiii (‘Xactly tlio 
same if, itjstcad of a conductor of which every p>iut movtsl with tlie same velocity, we 
liad one of which tho different points moved with dillerent velocities, and if, inhlead 
of moving at right angles to tho lines of magnetic force, the eoiuliietor cut tlu*m iit 
any angle. In sucli ii case, however, instead of being able to n'present tlio uleclm- 
inotivc force due to the inovoiuent by the simple formula 

e = Il/e, 

where v is tho velocity of displacement of auy point of tho conductor, it would Iw 
represented by 

€ = 1Ia«, 

where A stands for tho longtli of the projialion of the stralglit linos joining tho 
ends of tho conductor upm a pbine ]>erpendicular to tho line of force, and « for 
the mean velocity of displacement of this proj< ction p( rpoiulicularly to itself and to 
tho lines of force. 

The conditions here Bupposod are most easily realised practically by means of a 
circular metiillic disc rotating in its own plane alsjut an axis through its ci*ntro. An 
cUvtromotiA'e force is developcsl, due to the movement acrajss the direction ot tho 
earth’s miignetic force of the several radii of tho disc; and if one terminal (d“ a 
galvanometer be conm?cted with a metal spring pressing against the edge of the disc, 
and the other terminal bo connected with tho centre, tlm galvanometer will indicate 
tho passage of a current as long as tho rotation of tho disc continues (hanulay, 
yjtjwrimental Researchis, vol. i- pp, 44, 45 ; Series ii. par, 149-152). In this case, tho. 
conductor by wdiose movement the current is productxi is tho nvdius of tho disc whieli 
at any instant compleU-s the galvanoinetor circuit; and, since in tho case of a 
Htmight line rotating aliout one end the average velocity of the whole lino is tho 
wime ns that of its middle TK>iut, it is easy to eoo that, if r Imj the nulius of tlio disc, 
w its angular velocity (or the velocity of a p>int nt unit distance from the centre), H 
the absolute magnetic force of tho earth at the time and jilace of the exjwrimont, and 
a the angle between the axis of rotation and the direction of the earth’s force, the 
clwtn>motive force causing the current through tho galvanometer nuiy bo repro* 
sented by 

e =s H w <M. » a. 

Hence tho arrangement that baa been indicated afi^jnls one means of developing ati 
electromotive fowe which can be measured in absolute units, under conditions in 
hich it can produce a continuous current ; and, wnsequently, all th^ we require 
further in order to be able to mwisuro olcclrfimotive forces, produced in any way 
whatever, in absolute units, is a method of comparing one electromotive force with 
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Bnt before discussing the processes for Uie com^ratiVe meararemettof 
another. -But Deiorc ^onvement to discuss the principles involved ig 

^ Measnremeiit of Xtootrlo Meaiatanoe. Wo hare aireadj seen 

• •*■•>»»*“** “„7^i„„tric currents and the intensity of electromotire forces can be 
eXsted in "tSuns of Le fundamental mechanical unite. Consequently, if wo express 
file intf^ns/fcy ofthc eloctromotive force acting w a given circuit, and also the strength 
nf the current produced by it, the ratio of the numbers expressing these magnitudes 
will express similarly the absolute resistance of the circuit. In this waj the ahsohite 
resistance of a pirticular conductor may he ascertained, and from this the absolute 
resistances of other conductors can be deduced by comparative methods hor the 
purpose of accurate measurements, the current produced by a revolving disc, as in 
the experiment above described, could not be satisfactorily employed, as it is prac- 
tically impossible to keep the resistance at the point of contact between the moving 
'rdueof the disc and the spring connected with the galvanometer constant; but the 
principle that has been indicated has been put in practice in various ways by 
W. Weber (Elektrodynamische Maasshestimmungen, 2to Abhaodlung [18.)OJ. Zwr 
Galvanometrw [1862j ; in abstract, Fortschr. d. Phys. xviii. and by Maxwell, 

Stewart, Jenkin, and'Hockin, acting as a sub-committee of the British Ass(^mtion 
for the Advancement of Science {Rep. Brit. Assoc. 1863, p. 163 ; tmd. 1864, p. 
360) Two methods were employed by Weber, the general nature of which may 
be described as follows: In the first, a momentary current was produced by causing 
a flat annular coil of insulated wire bo make rapidly a half-turn about either its 
horiisontal or ita vertical diameter, and the strength of the current was doduced 
from the throw of a magnetic needle, suspended either inside the moy^lo coil itselt, 
or within a galvanometer coil which made part of the same circuit with the movable 
coil The electromotive force was in this case known from the dimoiiMons of the 
coil the rapidirvof its motion, and the absolute intensity of the earths magnetic 
force In Webei\ second method, a magnetic needle suspended inside a galvanomotcr- 
coil, the terniinals of which were connected together, was displaced from the magnetic 
meridian and then left to itself, and the amplitude of the gradually diminishing 
oscillations about its position of equilibrium was obson'od for a considerable number 
of oscillations. In this experiment, an electromotive force was produced, the 
intensity of which depended upon the magnetic moment of the magnet, the yeloeit-v 
of its motion, and the dimensions of the coil ; and this caused a current in the coil, 
always in such a direction as to oppose the motion possessed by the magnet at any 
given instant, the strength of which was indicated by the rate at which the amplitude 
of the oscillations of the magnet diminished (allowance being of course made for the 
retarding effect of the air and the viscosity of the suspending fibre). The methyl 
employed by the sub-committee of the British Association consisted in causing the 
coil of a tangent-galvanometer of known dimensions to revolve at a known speed 
about its vertical diameter, and in observing the deflection of the ^Ivanometer- 
needle caused by the currents induced in the revolving coil by the earth s magnetism . 
In these experiments, the tangent of the angle of deflection was directly proportiona 
to the strength of the induced current, and inversely proportional to the horiaontai 
component of the earth’s magnetic force. The strength of the current however was 
directly proportional to the earth’s horizonal magnetic force, and depended also u^n 
the velocity of rotation and the resistance of the coil. Hence the Ijngent of the 
deflection was both directly and inversely proportional to the earths honzonta 
magnetic force, or, in other words, was independent of this foiye al^ether, ana 
therefore the only data required for determining the resistance of the coil, in addition 
to the number of convolutions of the wire and its mean distance from the magnet, 
wore the velocity of revolution of the coil and the deflection of the magnet. 

All these processes, being dependent upon the fundamental relation expressed by 
the equation, 

R-|. 

give the value of R expressed in the same terms as those adopted for the measurement 
of E and C. But, as we have seen (p. 671), the absolute strength of a current may 
be expressed in electro-magnetic measure by the formula 


Hr 


tan a 
2ir * 
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in which r atonds for a length, and the factor written in the form of a fraction i« a 
pure number. Further (p. »»73), electromotive force is expressed in absolute electro- 
iiiHgnetic measure by the formula 

E « mv, 

where I again represents a length. Conseciuently, it follows that the resistance of 
Hiiy conductor, or the quotient ot the eloctroiuotivo force acting in it by the strength 
of the current produced, must bo exprcsse^l l,y a velivity. The alm>lute unit of 
ri'Msioncc is therefore identical with the unit of velocity ; and this same result would 
U’ arrivetl at, whatever were the experimental proc-ess adoptotl for the actual 
nieasimmient of electromotive force and eurronl-strength. In all cases it will be 
fi.und that the expression for electromotive force, if written out in terms of its 
ult imate physical liictors, the units of space, time, and mass, rojirosents the square 
rexjt of a force multiplied liy a velocity; and Uiat the expres.sion for tlio strength of a 
current represents the square root of a force, and therofoi-o that their quotient 
represents a velocity, « 

Hence the magnitude of the absolute unit of resistance depends only upon the 
magnitudes of the units of length and time, and Weber, adopting 1 millimetre as the 
unit of length and 1 second as the unit of time, necessarily dofinoii the absolute unit 
of resistance as a velocity of 1 millimetre per second. This however roiirosents a 
resistance so very much smaller than those whieh have most frequently to be dealt 
with in practice, that the adoption of Weber’s unit would load to incoiivonicnUy high 
miinl>ors for expressing ordinary rt^sistnnecs ; consequently, as a matter of pr.icticid 
convenience, the Committee of the British As.Ho(*iHiion upon Kbrtrical Standards (s.mj 
fiep, Ilrit. Assoc. 18h2, p, 126) twlopted a unit, which, by definition, represorts a 
resistance ten thousand miliioii times as great us Weber’s, namely a velocity ot 

10 million 7iietres per second. This standard is variously referred to as tho x nietro 

becund 

unit,’ the ‘ B. A. unit,' or the ‘ Ohmad.' 

Tlie al^solute unit of resisbince may also be deduced f)n>m tho relation expressed 
l*y the equatioa 


where W represents tho work done in tho time t hy n current of the strength C in a 
conductor of resisUtnee K. The nunierHt4>r of tliis exj>re8sion represents a force 
multiplied by a length, and tlio dcnominatxjr r<.q>rescnts a force multipliwl by a time 
(since C is equivalent to the square rfH)t of a force); hence we find here again ilia t 
rcsiMtance is measured by tiio ratio of a length to a time, that is, by a vehxnty. 
l>otermi nations upon the principle hero indicuUnl have bwti made by 11. Weber 
{Forisekr. d. Phys. 1863, xix. 417)- The str#*ngt)i of the current eniployetl wan 
nayusured by a tangout-galvanometer. and the work done by it in the cxmdiictor was 
calculated from the quantity of hetit evolved. Exp rinumtH r»f a similar kind have 
aJ.so been maxle by Joule i^ltep. Brit. Assoc. 18t>7, p. but with a con%'er*Mi 

}>ur})ojso ; Joule’s object having l^n to deduce the value of the mechanic^il equivalent of 
lu-at, fiH>m the quantity of heat developcxi in a given time, by a current of knowti 
stivMigtl), in a conductor of which tho absolute resisUiuce was known from indej)endeirt 
ex]>eriments. 

[For a further account of tho British Association unit of resistance, and a com- 
pirisoii of the various units that are or have been in use, see Fleeming Jenkin, Proc, 
Boy. Soc. (1866) xiv. 164 ; Phil. Af<iy. .[4] xxix, 477]. 

Compartson or Kloetromotiwe S*orooo. The metlnxl given at p. 466 of vt»l. ii. 
is not capable of giving trustworthy results in the case of batteries whose electro- 
motive force varied 'with the strength of the current which passes through them, as ta 
the case, for escample, with a battery of Smee’s construction, and with roost other 
butt<‘ries containing only a single liquid. Buch batteries have a definite electro- 
motive force only when the current has a determinate value, and the only condition 
in which we can be sure that two or more are truly comparable is when they are 
not traversed by any current at all. This condition may be realised, cfither by inter- 
posmgan infinite resistance between the poles (that is, by leaving them disconn4»cted), 
or by balancing their electromotive force by an equal and ojpposito force. In the 
former case the measurement of electromotive force comes to be simply a messure- 
nieijt of the difTerence of statical tension upon the proles, and may be ellbc^ed by 
moans of a Thomaon’s electrometer (p. 563). Bereral methods, founded upon thw 
•coond general principle mentioned amve, have been devised ; but they may all of 
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them be r^ardod as modifications of one which was introduced many years ago by 
PoggendorfF Ann. liv. 161 [1841]), and is known as his method of compensatimi. 

The general nature of this method will bo understood from the following description] 
Ijct D and o ( fig. 26) represent the two cells whose electromotire forces are to be 
compared, the electromotive force of a being grejiter than that of D (for instance, n 
being a Grove’s, and d a Baniell’s coll). The cells are to be united, by wires connect- 
ing their similar j^lcs, so as to form parts of the same circuit, at some part of which 
a galvanometer a is to bo inserted. Then a point a, in the conductor which connects 
one polo of n with the like polo of o, is to bo connected, by a conductor a b 6, of known 
resistance which can be varied at pleasure (such as a rheostat or set of resistance- 
coils), with a point b in the conductor which connects the galvanometer with the other 

Fio. 26. 



pole of G ; and, bvatly, the rosistiinco at n is to bo increased or diminished until no 
current circulates in the branch « i> a A, and conso<juently tlio g.ilvamnnotcr a shows 
no deflection. Calling Ed and the electromotive forces of the two cells, and 
R and Rq the resist4inces of the branches a ub and aa b respectively, wo have 
for the ratio of the electromotive forces : 

Ei^ = ^ 

R + Rg’ 

This formula is easily established from the following considerations. Since there is no 
current in the part of the circuit conbiining the coll i) and the galvanometer, the 
strength of the current in o and the condition in all rosix5Cts of the circuit u anbo 
would bo unchanged if the branch an A 6 were removed. Then, putting C for the 
strongtli of the current in a, wo have 

Eq =» C(R + Rq) ; 

and, since the strength of the current through b is tho same as that through a, wo 
have also 

E = CR, 


if £ represents tho electromotive force acting between a and b. Hence 


A - R 
Eq r + 


But, since there is no current through d and a, the electromotive force between a and 
b must be equal to that of the cell n, and must tend to produce a current through n in 
the opposite direction to that which tho electromotive foroe of this cell would produce 
if it acted alone in the circuit, TluR is 


E = Ejx or ^ A ^ . 

Eo 

The same relation is also easily deduced from the principles discussed at p. 5^, 
as ivpplying to tho strength of currents in divided circuits. It ia<tfxly needful to write 
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down the strength of the current in the branch an a. b due to the cell i>, and tlie 
strength of the current in the same branch due to the cell o, and to make their sum 
0, in order to arrire at the above equation. 

It will be seen that this method gives the ratio of the electromotive forces to be 
compared ill terms of the rcsisbmces R and Rq. Of these, R, which is the resistance 
of a metallic conductor, can always be ascertained within a very small fraction of its 
whole amount;^ but Rq, which includes the resistance of the coll o, cannot in general 
he measured with cqnal accuracy. If, however, a givat metallic resistance — say 2,00tl 
or 3,000 units— bo introtluced into the bmnch a o 6, any uncertainty in the determi- 
nation of the resistance of a becomes of small consequence in cnjiiparison w’ilh the total 
resistance Rq, and indeed, in such a case, the resistance of the cell may bo generally 
entirely disre^rdcKl. Even if it is inconvenient to inti»duce into the bmnchfl'o A 
a metallic resistance so great that the resistance of the cell is negligible in comjmrison, 
the necessity of knowing what the resistance of the cell is may be avoidej by the 
ff.llowing artifice, due to Bosscha (Poffg. Ann. xciv. 172 [18 '>.')]). The connections are 
made exactly in the way that has been described, anti the rt'snstanco at h iy adjusled 
so as to cause no current to traverse the galvanometer a. Then the resistance Hq is 
increased or diminished by a known amount whereby a current is prtHluced cither 
in one direction or the other thmngh a, ami lastly the resistance at n is inereasetl or 
diminished so as again to destroy the current in a ; lot r bo tho alteration required for 
this purpose ; then the first experiment gives, as before, 

Eq R + Rq* 

and tho second experiment gives 

Ed ^ R + r 

Eq (R + r) + (Rq + ro ) ' 
and therefore, from the two together we got 

_ . 

Eq r + ro* 

Another modification of Poggendorffa method, which presents the advantage of 
making the conditions of the two cells to bo compared exactly similar, by simply 
allowing neither of them to be traversed by a current, has been devised by Mr. Ijatimer 
(’lark {Etementarif IVeaiise on Electrical Measurement [I^ndon, 1868] p. 106). In 
this method, the poles of a battery of considerably greater electromotive force than 

Fio. 27. 



eitW of tho cells to be compared aro oonnoctod by a metallic conductor of grcftt 
i^istaaee ; the similar poles of both the cells to be test^, the positive poles for instanee, 
AK then connected with Ute same point of this conductor, and the points are found 
vith which the other pole of each cell must be connected in order that neither of 
them may be traverseil by a current- The above diagram (fig. 27), in which A and A' 
Sup. p p 
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denote the cells to be compared, b a battery of greater eleCtromotiye force, and o and 
o' galvanometers which show whether or not any current is pssin^ through a or a', 
will help to explain the mode of arranging the apptiratus. It is plain that, when the 
indiciited connections have been made, and both tlie galvanometers remain at zero, the 
electromotive force of the cell a is to that of the cell a' in the same ratio as the 
resisUince of the portion of the conductor of the battery i3 included between the points 
a and ^ is to that of the portion included between the points a an<l b'. A special 
apparatus constructed by Mr. Clark for conveniently measuring electromotive forces by 
this method will be found described in the work relerred to above. 

Another simple modification of Poggendorfif’s armiigemeiit enables us to ascertain 
whether tho electromotive force of a cell when producing a current varies with the 
resistance of tho circuit, and if so to what extent, 'this will be readily understocKl 
fr<uj) the following diagram (fig. 28), where a and n represent, one of them a standard cell, 

pKi. 28. 



and tho other a cell to be compared with it, and g a galvanometer one terminal of 
which is connected with the point a in tho circuit of the cell a, and the other with the 
point b in the circuit of the coll n. Then, if the jK>iiits c and d are also connecte^l 
by a conductor, and tho resistances in tho various parts of tlie two circuits are so 
adjusted that no current traverses the galvanometer, it will bo easily seen that tho 
electromotive force acting between tho points a and c must bo o(|ual to that acting 
between the points b and d ; and since tho former is the same fraction of tho total 
electromotive force of tho cell A that the resistance between a and c is of the 
resistance of its whole circuit, and the latter is to the total elcctromotivo force of 
the cell B as the resistance between b and d is to the whole resistance of this 
circuit, wo get for the ratio of the electromotive forces of tho tw'o cells the 
expression 

E Hr 

E 11/ 

in which E stands for the eloctromotive force of the cell a, R for the total resistance 
of the circuit a a c a, and r for tho resistance between a and c, while E', R', and r denote 
the corresponding magnitudes in the case of the cell b. 

The electromotive force of cells of professedly tho same construction is not always 
identical, but varies within small limits in consequence of causes which have not 
been thoroughly inve8tigatc<l, but of which tho most important are probably the 
greater or less purity of the metals and solutions employed, and the degree of 
coDCentiation of the latter. The following table gives tho average electromotive 
forces of several of the best known cells compared with that of a Eaniell’s cell 
taken as unity : 
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'Elcctromotim Forces of Galvanic Ctlh. 


Construction of Cell 


Daniell’s 
G rove’s 


Bunsen’s 

Snvee’s (when not in action) 

„ (when in action) 

?) ** 

Copper and zinc *n dilute suI 
phuric acid 

Cliloride of silver and zinc in 
wolution of sotlium chloride 
(2o grms. to 1 litre water) 

Zinc in dilute sulphuric acid, 
graphite in solution of 1 pt. 
poUissium bichrfnnate, and 
pt. hydrogen sulpluito in Q pts. 
water . . ... 

Zinc in dilute sulphuric acid, 
graphite in solution of 1 pt. 
potassium bichromate, and 2yj7 
pts. hydrogen sulphate in 8g 
pts. water . . . • 

Zinc in dilute sulphuric acid, | 
carbon in mercurous sulphate > 
(Mari4-Davy) . • * J 

Zinc and binoxido of manga- 
nese in saturated solution of 
ammonium chlrnrido (Leclau- 
ch6) . . . - 


.Electromotive Force | 

Authority 

1 


\-67l 

to 1 81 ) 

PoggendorfF. 

1*75 

Buff. 

1 71) 

Latimor Clark. 

1 75 

L. Chirk ; J. Mid lor. 

1 7«( 
to 1 -87 { 

Buff. 

1 -02 

Clark. 

1 or> 

I’oggondorff. 

about 015 

(.Mark. 

0-(>5 

.1 oulo. 

0 44 

Bossclijv (by cjibnilntion). 

0 82 

Poggomlorff; Clark. 

l-O 

^ Dc la Hue and 11. Miiller. 

} Paalzow. 

111 

Clark. 

1*57 

Poggendorff. 

1 97 

Buff. 

1-26 

J. Rrgnauld, 

1-21 

Clark. 

1 '382 

lioclanchd. 

0-896 

Muller. 


The alisolute eloctromotivo force of a Daiiieli’s cell is estimatcKl by Ifosscha at 
10-258, by Thomson at 10-79, and by von Waltenhofen (Pofff/. Atm. cxxxm. 478) at 
10-8 ; that is to say, a DanicH’s cell would pro<luce, in a circuit whose tfjtal resistance 
was 1 B. A. unit, a current of a little more than ten times the unit current as deliiicd 

The following determinations are given by Kohlrausch {Pog^. Ann, 456) , 
they are expressed in terms of Siemens’s mercury-unit of resistance and of the absolute 

unit of current ; , ■ . • i i t.' 

Electromotive force of a Grove’s cell (platinum, concentrated nitric acid, sulphurio 
acid tlf an. gr, 1*06, freshly amalgamated zinc) = 19*98, 

El^romotive force of a Baniell s cell (copper, saturated solution of cupnc sulphate, 
sulphuric acid, and zinc, as above) — 11*71. . j 

Electromotive force of a cell formed of copper, sulphuric acid, and zinc (as above) 
■*' 10*82 

Electromotive forces of thermo-electric couples, one joint being at about 16 ° G, and 
the other higher ; 

1. German-silver and copper — 

e » 0-0001649^ + 0*000000291 


2. Copper and iron— 

« 0*0000969/ - 

3. Oerman^sihrer and iioiii— 

# « 0i)002476/ 4 
pf2 


0 000000149/*. 
0*000000196/*. 
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[A very instructive exposition of the general relations of electrical magnitudee, by 
Profs. J, Clerk Maxwell and F. Jenkin, will be found in Appendix C to the second 
Report of the Committee of the British Association on Standards of PSectrical Resist- 
ance (Bri^. Assoc. Bep. 1863, p. 130); and a clear and concise statement of the general 
principles of the most important eW*-trical measurements has been given by H 4 Bert in 
in the Anriales de Chimie et de Physique for December 1869 and April 1870 (vol, 
xviii. pp. 446-461 ; vol. xix. pp. 483-501).] G, C. F. 

SXiZC ACX]>. An acid existing, according to Chevreul {Compt. rend, Ixii, 1015), 
in the sweat of sheeps’ wool. It is a colourless liquid, somewhat heavier than water' 
nearly insoluble therein, but soluble, with acid reaction, in alcohol and ether. The 
barium salt, which is likewise soluble in alcohol, decomposes in dilute aqueous 
solution, with separation of a varnish-like acid salt. 

SMBTZXrS. (J. Lefort, J. Pharm. [4] ix. 241).— This alkaloid, 

discovciel by Pelletier and Magendio in 1807 (ii. 485), is best prepared as follows: 
Powdered ipecacuanha is exhausted, first with alcohol of 86 p. c., then with alcohol 
of 56 p, c. ; the united extracts are evaporated to a syrup over the water-bath, and 
the residue is treated in a flask with very strong potash- solution (2 pts. potassium 
hydrate dissolved in a small quantity of water to 100 pts. of the powder), and with a 
quantity of chloroform equal in bulk to the mixture. The flask must be completely 
filled with the mixture and closely corked ; the whole well agitated and left to stand 
for several days, till the chloroform has separated ; the chloroform then removed with 
a pipette ; and the residue treated with a fresh quantity of chloroform. On distilling 
oft' the cliloroform, there remains a browm mixture of emetine with a resin, from which 
the emetine may be extracted by a weak acid, aind reproci pita ted by ammonia not in 
excess. A bulky greyish powder is thus obtaine<l, which must be w^ashod, first with 
water and then with ether, to remove the hist traces of resin. 

Pure emetine is a very light, whitish, amorphous powder, becoming slightly brown 
on exposure to the air ; it is inodorous, but has a bitter taste ; miHts at 70° to a dark 
brown liquid. Water at 15° dissolves only of its weight of emetine, but acquires 
thereby an alkiiUno reaction ; alcohol and cliloroform dissolve it in all proportions ; 
ether and fixed oils very sparingly. It dissolves very easily in caustic fixed alkalis, 
less easily in ammonia. With hydrochh»ric, sulphuric, phosphoric, and acetic acids 
it forms uncrysUillisablo salts very soluble in water. It is precipitated by tannic 
acid, and by a solution of iodine in poUissium iodide. With mercuric chloride and 
potassio-mercuric iodide, it forms compfiunds sparingly soluble in water ; with 
platinic chloride, a bght yellow salt, easily soluble in water, sparingly in alcohol. It 
is also precipitated from its saline solutions by phosphomolj'bdic acid and by basic 
lead acet/ite. 

BPAC&lB. The alcoholic extract of the loaves t)f a species of Kpacris from 
Austl^i-Ua, examined by Rochlcder a. Tonuer («7aArcs5. 1861, p. 773 ; 1866, p. 694), 
has been found to contain ursone (v, 969), together with fat, wax, and chlorophyll. 
The leaves also contain a tannin which agrees in all its properties with that of the 
horse-chestnut, and when treated with hydrochloric acid, yields a red compound 
exhibiting the composition ,2C**H**0*. The etvme tannin appears also to 

occur in Ledum palustre, 

BKCBX.OMm>»nr. Sec CunoRHYDiiiNS (p. 433). 

BPXCYBJraYOltZJr, C^H^NO = (C>H=‘)'" I Produced by gently warming 

epichlorhydrin with aqueous potassium cyanide. A violent action takes place, which 
may be moderated by cooling, and ultimately epicyanhydrin is deposited in slender 
laminae, which are easily purified by washing with water and alccdiol, and rocrystal- 
lisation. The crystjils are colourless, soluble in water and alcohol, slightly soluble in 
ether, and give off large quantities of ammonia when boiled with potash (Pazschke, 
Zeitschr. f. Chem. [2] v. 612). 

BBBZmMt. See Terbium (v. 720). 

BBOOTIBB. This substance, the active principle of ergot of rye, may he 
prepared by precipitating the aqueous extract of tlie ergot with neutral lead acetate^ 
.^•P^ting the filtrate tfreo from lead) with mercuric chloride, and precipitating the 
'.flared liquid with phosphomolybdic acid. The orgotine separated from the veeulting 
precipitate by digestion with barium carbonate and vr^ter, is a vamish-lULS brown 
powiler, insoluble in ether and chloroform, and forming; ammhous deliquescent salts 
with acids. Its analysis leads to the formula C^H^lx^l^maiiassewits, Zrj&gir, /» 
Cheny. [2] ir. 154), 
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mtXOanrOWa. Zven^ a. Himmolmaxia (Aim^ Ch. PAarw. cxxix. 203) havo 
shown that this substance is identical wiUi hydr^uinone, as originally suggested hy 
Hesse (ii* $00). 

3B»ircs0 Aon. ai soi). — This acid, hoinuh^ous witli acrylic acid, 

was discovered by Darby {Ann. Cn. Phwrm. Ixix* 1), and has been further examined by 
Otto djWrf, cxxvii. 182 ; cxxxv. 226) and by HauBskiitH-ht {ihid. cxliii, 40). It unites 
directly with hromi^ie^ when that siibBtancc is added to it under water, forming 
crucic acid dibromido, which erystallisos by cmding from solution 

in absolute alcohol, in small white nodnlar groups of crystals melting between 42*^ 
and 43®. Its barium salty (C‘'”H**Br'*0'*)‘'*Ba, and its lead salty (C’*‘'H"Br*0'^)‘'‘Pb, are 
white, viscid, easily docomposible precipitates. Soiiium-ainalgiim in alcoholic solution 
reconverts erucic acid dibromide into orucic acid (Otto). 

hlrucic acid dibromide heated in sealeil tubes to about 146® for seven or eight hours 
with 4 or 6 mol. 'potassium hydrate in alcoholic solution, yields the potiuisium salt of 
benolic acid, (=* — 2lIBr) (p. 267). But when an alcoholic 

solution of the dibromide is mixed w^ith alcoholic potash-solution at or<linary tempera- 
tures, only 1 mol. hydrobromlc acid is abstracted, and monobromor ucic acid, 
C”H*'BrO*, is formed, with rise of temperature and separation of potassium chloride. 
On diluting the solution with water and adding hyilrochloric acid, monobrt)m erucic 
acid is separated in the form of an oil, which soon soli<lifies. It melts at 83®-34®, 
and remains liquid for a long time. It is heavier than water and insoluble (herein, 
but dissolves easily in alcohol and ether. It imiu^s with 1 mol. bromine, forming the 
acid dibromide, C-‘*II“Br»0* or C"H«‘BrOMIr», which melts at 31® to 32=, and forms 
amorphous viscid salts. This dibrfjmiilo treated with alooliolic potanli gives up hydro- 
bromic acid, but it has not been decidedly made out wlielhor dil>roinerncic acid is then 
reproduced by elimination of 1 mol. IlBr, or inonobromobciiolic acid, 
by elimination of 2HBr. 

When erucic acid dibromido is triturateil witli >vator and a largo excess of silvtr 
oxid^y and the mass, which soon becomes warm and gnmular, is heatoti for several 
hours, till it turns brown, hydrobromic acid is eliminat'd, and on boiling the mass 
with water, a yellow oil sepvmtes, which is a mixture of liquid oxyorucic acid, 
C«H«0*, and dioxybenic acid, the latter of whicli crystillises out 

^iartially after long standing. For complete separation, the oil, after being well 
washed, is saponiflod with ba ryta- water ; the precipitate is exhausted with other; the 
dissolv^ barium oxyenicjitc is decompoHod by hydiDoVdorie nci<l ; and the oxyorucic 
acid, which separates as a yellowish oil, is purified by solution in alcohjd. It is 
viscid, lightHir than water, insoluble therein, but miscible in all proportions with 
alcohol and ether. Its salts, C**‘'n**0*M', are amorphous, and are all irisrdublo in 
water, excepting those of the alkali-metals and of barium. The formation of oxyorucic 
acid is represented by the equivtions ; 

C«H«Br*0» + AgOH - C«ID*BrO» + -t AgBr. 

Eroclr acid Bronicroclc 

dibromido. acid. 

G^lD'BrO^ + AgOH AgBr. 

)irr)merncic Oxyeriuric 

acul. acid. 


This acid may Uiorcfore also be formed, though less easily, by treating monobromcruci 
acid with silver oxide. When boiled with pfitasli-ley, it is converte<l into dioxv 
benic acid, according to the equiitiori, C’*H‘*0* -t- KOII C'*H**0*J 

(Haussknecht). 


1X0 ACX2>. An acid contained in the blood-rod juice of t) 
dragon's blood tree of Brazil {Crototi erythrtrmay p, 647). , 

mumwmXM or mMnmmxO AOXO. (ii. 602).— The followii 

method of preparing this substance from Hochella fuciformis is given by Stonhou 
{Chem. Soc. J. [2] v. 222) : Three pounds of the lichen are macerated for twen 
minutes in a milk of lime mode by slaking ^ lb. of lime in 3 ^llons of water, and t 
partially exhausted weed is then treated with a fresh quantity of milk of lime; 
third maceration is found to exhaust the lichen completely. Thci» weak limo-liqiK 
are employed instead of milk of lime for exhausting fresh quantities of the Ik^ 
whilst the first and strongest liquor is flUered rapidly thw^h ^>mteg»^a|g 
8 inches udde and 6 feet long ; and the clear liquor, as it passes throt^h, is imip^****“ 
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adhering hydrochloric acid aA< 



ooee^r 

considerable quantify of water. " 4 m«v' 

The recent experiments of De Luynes {Ann.Ch. Ph^. 

(BuU, Soo. Chim, [2] ii. 424), and Hesse p. 
the view originally put forward by Berthelot, that is Ipe 

and picroerythrin the mono-orsellinic other of ciythrite: V. 

<C#> ’ 




(CW)*' 

H 


:|o. 


0* 


eH'O* 

IP) 

Picroerythrin. 


(C«H’0*: 


Erythrin. 



Brythrito. 

Grimaux (Bull. Soc. Chim. [2] iii. 410), regarding orscllinic acid, €“H«0*, as a 
triatomic and monobasic acid, represents erythrin and picroerythrin 

by the following formulae : . 

(C^K^O)"* 1 0" (C“II*0"')2 1- 0* 

Picroerythrin. Erythrin. 


.According to Hesse (Jahresh. 1866, p. 658), erythrin in tlio air-dried state roteins ,♦ 
6 p.c. water = 2C'“H‘'''-'0“*.3U’0, which is given off partly over sulphuric, acid/";,^ 
completely at 100^ The lead salt contains (C^«U>»0“')W. 3U*0 ; hromer^hrin " 
2C«®H'“BriO>“.3lPC). . . 

Erythrin boiled witli absrdute alcohol yields picroerythrin and ethyl orsellinate t 
(ii. 602) ; with hydrated alcohol the same pnxhicts are obtained, hut the proportion 
of ethyl orsellinate is smaller, because part of the eptbrin is decomjwsed 
by the water of the alcohol, in such a manner as to yield orcin and carbon 
dioxide : 

Q2oji220“» + C^H^O « C'2H>*0’ + C‘’H'(CTI=')0* ^ 

Erytlirin. Alcohol. Piero- Ethyl 

erythrin. . .Orsellinate, 


(120X122010 + H-^o = c'2H‘®0’ + enpo* + C0». 

Erythrin. Piero- Orcin. 

erythrin. 

With ether, erythrin behaves indifferently, dissolving in 328 pts. at 20°. Boiled with 
ajnyl alcohol, it yields amyl orsoUinato and picroerythrin, both of which crystalli^ 
This reaction affords an easy method of obtain i tig perfectly pure picroerythrin. 
When the decomposition is complete, the remaining amyl alcohol is distilled off, where- 
upon the amyl orsellinate gradually separates as a colourless oil, while the picro- 
erythrin separates from the li(]uid filtered at about 40® in white silky efflorescent 
needles containing C**II***0^. 3lPO (Hesse, loc. cit.). .v 

Beta -E K Y T H R i N. C'^'IP'O'®. — This hcxly, homologous with erythrin, was dls- " 
covered by Mensehutkin (Bidl. Soc. Chim. [2] ii. 424; Jahresb. 18G4, p. 648), not by 
Ltimpartor, as stated in voi. iv, p. 641. Jt is prexiared from ccrtiin varietiea of 
Itochdla fiiciformis (the South American varieties, according to Ltimparter) by diges* 
tion with lukewarm dilute lime-water (Mensehutkin), cold milk of lime (Lamptartex)* 
precipitation with sulxihuric or liydrochloric acid, and crystallisation from alcohol. It 
separates as a white crystalline powder containing C'^*H‘‘“0'®.H^0, soluble in alcohol 
uiid ether, nearly insoluble in water, and decompovsed by alcohol or water at the boiling 
heat, yielding 0 picroerythrin, and orsellinic acid or orsellinic ether 

(ii. 6U). 3 erythrin is coloiirtxl transiently rod by o/ lime\ its solution in^ 

ammonia forms w'ith silver nitrate a redilish, easily reducible precipitate ; with haeUt 
lead acetate, a gelatinous precix*itato having nearly the composition 
(Mensehutkin). ^ 

picroerythrin boiled with satursited baryfa-watcr is resolved into carbon diozil|i|| 
erythrite, and J8 orcin (Mensehutkin) : 

C’"ir«0* + 2H*0 » C^H'®0* + -i- CO*. 

Piero- Srj'thrite. /3 Orcin. 

V coythrin. 

iortrSMTS. C^H*®0* | Erythramannite, Erythroglucin, 

(11. (i04). — ^To prepare this .substance from erythrin, Stenhouse (Ax:, ci/.) 4*a»lyea tJ|jS 
latter in a slight excess of milk of lime, and boils it for half 
furnished with a longleondensing tube, so as to exclude the air, 





, „ AUXD-4||p|^^ 583 

hj Be Lnyiig t8eS» p. 602). tJio formation 

^^p|*p6fliw substance. The aolatioD, now containing orein and 
^^«»>e»Ciea8 of lime^emoved by aetream of carbonic acid— or more 
h|, exact nentralisation with dilute sulphuric acid— and 
ms; mt orer a sand-bath, finally over a water-bath. The orcin is 

. .. - by repeated digestion with benzol (boiling between 110® 

W a condenser and heated in a paraffin- 

batl0‘' »nC4ho^adis8olv^^ portion treated with boiling water gives up the ory- 
thrito^^-whieh may be purified by washing with cold alcohol and reerystallisation 
from 

JSrytlirite exhibits in a high degree the phonomouon of siirfusion. When Iientod 
nearly to its boiling point, it forms a mobile liquid, viscid after cooling, whicli some- 
times crystallises spontaneously at ordinary temperatures, but mostly not till it is 
agitated, the solidification being then atten<le<l with considerable rise of temperature. 
Its 'isoncentratod aqueous solution in contact with j^atinum-hhick absorbs oxygen so 
TR^dly that the mass becomes red hot; with a dilute w)lution the oxidation is more 
l^raduAl and an acid is formed {infra). Lime dissolves in an atpuKms solution of orj’thrite 
more abundantly than in pure water; tlio solution cnjigulalcs when heated, and 
alcohol tlupows down from it a comjxmnd of ervthrite and lime, h'rythrite lieated to 
240®'"With fotassium hydrate forms oxalic ami acetic acids, with evolution of hydro^n. 
liVith filming Aydrwd!ie it yields swondary butyl ioiiide, or butylene hydriooide, 
C*Il*HI"(ii. 606; v. 736). With pho.sphorue pentarfdoride or chlorine in sunshine, it 
yi^ds hydrochloric acid and a viscid uiicrystallisablc substance. 


The chlorhydrin of eryt hri te, ( C^I I ®/ ' 


(Cl* 

)(ony 


,, is pnxluced by heating erythrite to 


100° for about a hundred hours with 12 to 16 pts. concentrated hydi*ochloric acid 
in very strong tubes, and evaporating the priKluct over {>otaHh-limo. The crystals 
ore purified by recrystallisation from ether, w'itli a(blitioii of a liltlo animal charcoal ; 
-th^ dissolve easily in waU-r, alcohol, and ether; melt at 146° ; end volatilise in white 
vapours which condense to crystals (Do Luyiies, Ann, Ch. Phys. [4] ii. 686 ; Jakreeb, 
lfi64, p. 497). 

amTTBXtXTZCorlUllTTK]lOai;.VCZO ACZ2>. C^ID0‘ « 

This acid, related to erythrite in the same manner as glyceric acid to glycerin, is pro- 
duced by the oxidation of erythrite in contact witli jdalintim-biack, or by the action of 
nitric acid. It was first observed l/y De J.uynes {eupraf and )i.>h been further 
examined by Sell {Ihdl. Soc. Chun. [2] v. 284), and by l.ainpartcr {Ann. Ch. Pharm, 
cxxxiv. 243), whose descriptions of its l(«id salts do not however qnibi agree. 

Sell prepares the acid by leaving a solution of 3(t grins, erythrite in 260 tx> 300 grms. 
wuU‘r in contact with 15 to 20 grms. jilatinum-blaek previously mixed with pumice, 
renewing the water from time to time as it evapnraUis. The liijuid then acquires a 
'*|lrong acid reaction, and if filtered after all the erythrite has disajiwarocl. then 
eya|)orat©d to oiic-balf, and mixed witli basic lead acetate, yields a yellowish-white 
pmeipitate, which must bo purified by decomposing it with hy<lrogen sulphide, 
jrcprocipitating with basic lend acetate, and repealing this treatment several times 
till the lead precipitate becomes perfectly white. It then yields a colourless solu- 
tion of the acid, which, however, when evaponiU'd over the water-bath, turns yellow 
and then brown, giving off the odour of caramel. The syrupy acid when left in a 
vaenum, partly solidifies to a crystalline mass which delitjuesces on exposure to the 
air. The lead salt obtained as above is, according to 8el!, a basic salt containing 
or 4C"H®04"b.PbH*0*. The other sidta of erytliritic acid are easily 
n^lublo. Silver nitrate prmluccs in tlio aqueous solution of the acid n white iprc- 
which is reduced in a few minutes, with deposition of a silver spf'culfim ; 
ne-watcr produces a slight turbidity which disappears on the addition of a drop of 
iticocid. ‘ 

»:ir^Ji!i(llnpartor prepares eiythritic acid by oxidising erythrite in warm cf»ncent rated 
Solution with fuming nitric acid (with dilute nitric the chief prwhict is oxalic 
acid). The product is a gummy acid whose barium tall is precipitated frW» its 
*WUf0U8 eolation by alcohol, in the form of a powder having the commition 
C*H*a*Ba + H*0. The lead salt obtained by precipitation with basic load 

[to Lamparier, a normal salt, having when dried at 189° the cxmapoiltiett 

A red coJonring matter prepared from nitxobenseiie % 

substoMce in contact with 24 pU. of ^e AUd * 

acid, for 2#lloiirs at ordinary tempmfotWi. Htp MHd 
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substance allied ta santonin, obtained the common cental 

Gentianacese). To prepare it, the aqueous extract of the 



, jn ,*i 

ilt |)iuified bj 

t»J iii. 

iTsM CaUawiitk, 
iW»i . or of the 


entire plant, is treated with 4 or 6 times its weight of alcohol ; the sj^py jesidue 
of the alcoholic extract is repeatedly agitated with. 4 rol. ether; and the il^thereal 
solution is evaporated, whereby a yellowish-brown semifluid residue is obtained, 
which after a while yields crystals of impure ci^hrocentaurin. These, after being 
pressed and once# recrystallised from water, are decolorised in ethereal solution by 
animal charcoal. On leaving the ether to evaporate, large colourless crystals are 
obtained, amounting to scarcely ^ per thousand of the weight of the dried plant. 

Pure erythrocentaurin is tasteless and.inodorous, neutral and not hygroscopic, not 
volatile; melts at 136°, and solidiflos again in the crystalline form. Its solution in 
chloroform neither acts on polarised light nor fluoresces. It dissolves in 1630 pts. 
U^ter at 16°, in about 13-5 pts. at 100°, in 48 pts. of 86 p. c. alcohol at 16°, in 13 .5 
p|it chloroform, and 246 pts. ether; easily also in oils both fixed and volatile, in 
V . £|te 0 hand in carbon bisulphide. Acids increase its solubility in water, but do not 
" tinita with it ; from its colourless solution in strong sulphuric acid it is precipitated 
Jby water without alteration. It is not acted upon by nitric, hydrochloric, or chromic 
» acid, bromine, iodine, or alkalis; when fused in chlorine gas, it is converted into a 
vv i glutinous substance recrystallisablo only from ether, Krythrocentaurin is decomposed 
^ w potassium permanganate, even at ordinary temperatures. When exposed to sun- 
shiBe, it quickly acquires a bright red colour, but without alteration of weight or of its 
'*0: f^lations to solvents. This coloured erythrocentaurin yields colourless solutions which 
' % ih the dark deposit colourless crystals. The red colour likew’ise disap;^rB on heating 
the substance to about 130°. The coloration of erythrocentaurin (like t^tof santonin) 
is produced only by the most refrangible (blue or violet) rays of the spectrum ; but 
santoriin which lias been turned yellow by light is not decolorised by heat. 


aBYTHmooxitrcxc aoxb« 

CH» 

BTRAiril. I » C 

CH* 


Syn. with Erythritic Acid (p. 683). 

I . Ethyl Hydride, Methyl, Dimethyl (ii. 633 ; 


iii. 984). — This gas is evolved, together with carbon dioxide, by heating barium dioxide 
with acetic anhydride, barium acetate being produced at the same time (Schutzenbeiger, 
Bull, Soc, Chim. [2] v. 278) ; 

2(CaH>0)*0 -h BaO« - (C*H«0»)»Ba + 2CO» + C«H*. 


Barling {Chem, Soc, J, [2] vi. 426) finds that this reaction is apt to give rise to violent 
explosion [arising from the formation of acetyl peroxide, i. 36]. which, however, may 
bo prevented by mixing the barium dioxide with dry sand. The gas then evolved 
consists, after removal of carbon dioxide, chiefly of methane (marsh gas) with a little 
carbon monoxide and about 17 p. c. ethane. Frankland’s mode of preparation by 
heating methyl iodide with zinc, yields ^rfectly pure ethane ; but is not well adapted 
for the preparation of large quantities. The best process is the electrolysis of potassium 
acetate. Barling's experiments fully confirm the results obtained by Schorlemmer 
(ill, 984) respecting the identity of the gas obtainotl by this process with that obtained 
f^rom mercuric ethide. When treated with chlorine in dimised daylight, it is coo> 
verted into a mixture of ethyl chloride, C*H*C1, and chlorethjrl chloride, C*H*C1*. 
The ethyl chloride thus obtained was converted into acetate, which by saponification 
with potash yielded pure ethyl alcohol. 

Pentachloretkane. C*HCl* (Patemo, Compt, rend. Ixxm. 460). — Produced by-, 
the action of phosphorus pentachloride on anhydrous chloral ; 


CC1» CCl* 

j + PCI* - POCP + j 
con CHCl* 


A small quantity of the pentachloride is added to chloral contained in a retort 
fitted with an upright condenser ; the mixture is warmed ; another portion of penta* 
chloHde added as soon as the first action is over, the process being repeated till 
i mol. PCl^ has been added to 1 moL chloral ; and the reaction is oom|deted bv 
Renting the mixture for some hours to the boiling point. Water is then added« 
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le ia dried ow eeleiimi i^ikdde and reotided. It ia 
AO decompoaition at Ids'*, 

. 0 , 1 69 at 130, aoluMe ia adoohol and ethar. It »- 
^the Md pipdueed by eTaporation 
” » in jaaled tubea to 3I60*> ^th ^oapborua penta- 

into nexchlorethane 6r carbon trichloride, ^^Cl* ; 

C»HCa* + PCI* a* C*C1« 4- PCI* + HCl. 


It ia also converted into carbon. trichloride by exposure to sunshine. 

Pentachlorethane obtained aa above is most probably identical with ReffnauH’a 
tetrachlorinatM ethyl chloride (ii. 630) and trichlorethylene chloride (ii. 573), the 
fomer of which ia described aa boiling at 148°, the latter at 164°, the differencea 
being probably due to the admixture of Regnault'a compounda with other aubstitution- 
produeta formed at tbe same time. The compound boiling at 180°-181°, and said to 
contain C*HCl*, which Hiibner obtained among the products of the action of phos- 
phorus pentachloride or acetyl chloride, was probably carbon trichloride. 

The action of the pentachloride on chloral yiolds'^Uo a smalt quantity of a acslv 
cryatalline compound, not yet analysed, which does not volatilise with vapour^of 
water (Patemo). 


ancsn# Syn. with Ethylknb. 



3 at. hydrogen. 


(i. 2). 


C*H*. — The triatomic radicle derived from ethane by abstraction of 

f C*!!*)'" } . . . 't*' . 

'■ Yi* [ — This is the composition of aeediamine 


Eikenyl •diphenyl •diamine. 


(c*H»y 

(C«H 


H»)* . 
H 


N» (Hofmann, Compl. 


rend. Ixii. 729 ; BuU. 80c. Chim. [2] vi. 162). — This base, homologous with msiUietlTl- 
[formyl-] diphenyl-diamine (iv. 469), is prtxluced by the action of phosphorus trichloride 
ftn aniline mixed with phenyl-acetamide, or better with acetyl cnloride, or better still 
with acetic add : 


3C*H’N + 3C*H*NO + PCI* - 8HC1 + H*PO* + 8C^H1**N». 

Phenyl- 

eoQtamlde. 

6C*H^N + 3C*H>OCl + Pa» « 6HC1 + H»PO» 4- 

Aoetyl 

chloride. 

6C«H’N + 8C*H*0* + 2PCI* = 6Ha + 2H*PO* + 3C”n**N» 

Aniline. Acetic acid. Bthenrl-diphonyl- 

dtamlne. 

A cooled mixture of 3 pts. aniline and 2 pts. acetic acid is gradually mixed with 
2 pts. phosphorus trichloride, and the viscid liquid is heated for some hours to 160®. 
The resulting li^ht-bmwn friable resinous mass is dissolved in boiling water, and the 
cooled filtrate is mixed with caustic soda, which throws down the mse as a whits 
ciystalline precipitate, to be purified by rocrystallisation from alcohol. It forms 
white laminsB melting at 137°, volatilising without decomposition at a very high 
temperature, nearly insoluble in water, sparingly soluble in cold, easily in hot alcohol, 
in ether and in acids. Its platinochloride, 2(C'*n**N*.HCl).PtCl*, is sparingir 
soluble and crystalline ; the nitrate, C*«li**N*.HNO*, separates at first as an oil, whTca 
afterwards iK^mes crystalline. The base is attoel^ by strong sulphiirie seidy 
which eliminates acetic acid and forms phenylsulphamic or sulphanilie aela : 

C**H**N* + 2SO<H* « C»H*0* + aC-H'NSO* ^ 

Bth^njft.ttAgl-difkenjft-diamint. C'H'W + j K«. — BOXet- 

diphenyl-diainine haated with ethyl iodide for several honrs, forms a eryilaU|||f Michy 
which inaj be eonverted into a chloride by treatment sdth dbloride of 
chloride treated with soda-ley yields ethenyl-ethyl-diphenybdiiamiii^v^^^^l^^^ 
oU iaeoliible ia water and destatiite of alkaline m s eti on* ^Hys oR 
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BTsastta 


meihyl-todide at 100°, and the iodide thus produced is conrerted hydjdlfer o^de into a 


strongly alkaline liquid containing the ammonium-base, C*K* 

OH 


4 


ic^ 


N®, is produced from 


Methyl-aniline treated with phosphorus trichloride and acetic acid yields a chloride, 
which is converted by silver oxide into an alkaline ammonium-base homologous with 

(O^XlTj 

the preceding and represented by the formula, f N*. 

OH J 

Ethenyl’dinaphtkyl-diamine^ 

haphthylamin© in the same manner as othenyl-diphenyl-diamino from aniline. This 
base is a tough resinous mass, yielding a platinochloridc whose analysis leads to the 
foinuula just given. 

• . C*I1* ) 

Ethenyl-ditolyl-diaminc^ C“n‘®N- = (C^H’)'* I N*, obtained by the action of 

I^^’on toluidine and acetic acid, is scarcely distinguishable from the diphonyhited 

- 

l-tripKenyl- diamine^ ■» produced by the 

X of phosphorus trichloride on a mixture of 1 mol. diphenylamine and 1 mol. 

^ulwiiylacetkmido : 

+ C«H»]n = IPO + 


Formation of Compound Ethers hy the mutual action of Acids and 

Alcohols . — The first part of the researclies of Bcrtholot a. P^n do St. Gilles on this 
subject was noticed in vol. ii. p. 210 of this Dictionary. In a continuation of this 
research (Bull. 8oc. Ckim. v. 182, and [2] i. 336 ; in detail, Anri. Ch. Fhyer. [3] 
Ixviii. 226), the authors direct attention e.sp^ci.ally to the limit of combination 
between ’ different acids and alcohols; the variations of this limit resulting from 
excess of acid, alcohol, neutral ether, or water ; the action of acids on verj' dilute 
alcohols ; and the result of the simultaneous action of several acids on several 
alcohols,’ 

1. In a homogeneous mixture of acid, alcohol, compound ether, and water, the 
limit of comhination is reached when the ether-forming affinity of the acid for the 
alcohol, and the ether-decomposing power of the water, are equal to one another. 
The existence of such a limit is provi^ by causing alcohol and acid on the one hand, 
and the corresponding compound ether with an cipiivalent quantity of water on the 
other (this mixture being exactly similar to the former in ultimate composition), to 
act upon one another for different times and at different temperatures. It is then 
found that if, in the first case, two-third.s of tlie whole quantity of acid has entered 
into combination, thou in the second, one thinl of the neutral ether will bo resolved 
into acid and alcohol. 

That this limit of comhination is almo.st independent of the particular nature of 
tb© acid and alcohol, and depends essentially on the equivalent proportions of the 
mixture, had been shown hy the authors in the first part of their research, as far as 
regards pirticular systems (ii. 610); and this result is now shown to be universally 
tine,* not only with respect to the aeti'>n of mono-acid or poly-acid alcohols on 
monobasic or polybasic acids, when these botlies act upon one another without the 
presence of water, but likewise for the m(»st various mixtures, whether they conbiin 
excess of acid, or of alcohol, or of compound ether, or f>f water. The particular 
n^tum alcohol and of the acid docs however exert a slight influence, at 

the case of monatomic compounds, ina.smuch as metameric mixtures {e.g, 
Alcohol aiid acetic acid, ethyl alcuhol and valeric acid) always exhibit slightly 
— ■^,liiiiit|i ; with polyatomic alcohols and acids, however, no such differences are 

,,4ifference is observed lietween the behaviour of polybasic acids and 
id alcohols, hinsmuch as a molecule of a bibasic acid etherifiM the 
t|l molec^es of a monobasic acid, and a molecttla of n 
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tril>ftfiic acid etiierifias the same quantity of alcohol as 8 molecules of a monobasic 
ftoid, whereas a molecule of a biacid or triacid alcohol — at least, if no great excess of 
acid is present — unites with only the same quantity of acid as a molecule of a monoacid 
alcohol. The cause of this difference of behaviour — which seems to sliow that the 
functions of the acid and of the alcohol in etherification are not exactly alike— is to 
lie foundm the fact -that a polybasic acid forms only ottc neutnil compound with a 
luonoticid base, whereas the sevorul compouiuls whicli'inny bo formed from a polyacid 
{vlcohol and a monobasic acid (mono-, di-, and tri-acctin for example) are all destitute 
of acid properties. 

2, When an excess of alcohol acts uix)u a molecule of acid, the quantity of 
compound ether formed ina’cases regularly (not by sudden iucrements) with tho 
augmentation in the quantity of alcohol, an<l tends towards tlio complete fixation of 
the acid; the quantity of acid which in presence of an excess of alcohol does not 
enter into combination, is nearly in inverse prop.rtion to the hjtal quantity of tho 
latter, and directly proportional to the total quantity of tlie acid. In this ctise, 
monoacid and polyacid alcoliols react nearly in the same manner with one and the 
same monobasic acid. Tho following taldo shows the quantities per cent, of various 
iicids which entered into combination when 1 mol. of tho acid was acted upon by 9 * 
iimlecules of an alcohol: 


Methyl 

nlcohol 

Acid 

Ethyl 

alcohol 

Acid 

Amyl 

alcohol 

Acid 

Glycerin 

Add 

n sst 1 

67-5 

n = 1 

06-5 

n = 1 

G8-2 

» =* 1 

W'71 

If) 

759 

15 

77-9 

— 

— 

1*5 

72*o3 

2 

84 0 

2 

82 8 

2 

86 9 




— 

[ 

3 

88 2 

3 

89-4 

— 



— 

— 

— 

— 

— 

— 


89 3 

19 

950 

— 

— 

— 

— 

c-1 j 

— 

600 

1000» 

— 

— 

— 

— 


— 


In like manner, the quantity of nn alcohol etherificd under tlio infiuonce of an 
( xcess of one monobasic or polybasic acid, increases with tho antount of this excess, 

■ iJid eppears, when more than two molwules of acid act upon one n»olecule of alcohol, 
to be directly proportional to tho total quantity of the acifl. Trac(*« of alcohol are 
t.ikcn up })y excess of acid with nearly the same degree of completcncHS as traces of 
iuid by an alcxjhob Poiyacid alcohols appear, moroov(*r, in prcMcnco of excess of 
iicid, to t4vke up a larger quantity of the acid in propirtion to their ntomicity. 

3. Etherification is retailed by addition either of a neutral ether or of water. 
Ihit just us compound ethers are not completely <leconipo8(Ml, eveji by large quantities 
<it water, so likewise is their formal ion not entirely proventi;d by tho presence of 
largo quantities of water, tho amount of ether pr<xluee<l sinks to a minimum when 
tlio acid and alcohol are present in equivalent quantities, and is increased by tjie 
presence of an excess either of acid or of alcohol. In mixt ures contoining 8 mol. 
water (IPO) to 1 mol. alcoliol, and containing excess of alcohol, the quantity of 
ether formed is nearly prr^p/irtionul to the quantity of acid present ; an almost^xuct 
pi-optjrtionality is observed in mixtures diluted to tho extent wliich is found in 
lermcnted liquors (23 to 48 mob water to 1 mob alcohol). 

The phenomena exhibited in Uio action of water on compound neutral others ar» 
Ibe converse of those which Uike place in thoir formation. A trace of water 
<bconijx>se6 a nearly of^ui valent quantity of nn ether into acid and alcohol; the 
deeomp>siLion of tho. ether inerofises with tho quantity of water in the mixture, a<ld 
heconu'S iie4irly perfect when only traces Of el her are present. 

4. In the simultaneous action of several alcohols on an acid, or of several aeids ott 
an alcohol, or finally of several monoacid or poiyacid alcohols on several monobasic 
f'r pfdybasic acids, the sum of the compound ethers formed is ocmivalent to, that ' 
p^xluced by the (yjrresponding quantity of a single alcohol on a single acid. 

Formation of Eiher« 6j/ Oxidation of Fatty AcuU . — Strockor observed som8 
ago that butyric acid oxidised with manganese dioxide and sulphuric iM^ 
eUiereal product. This reaction has lately been further investigated by 
Ch. Pharm. cxlviii. IfiO), who finds that when imre butyric acid 
npon a mixture of pulverised manganese dioxide and snljdinric add 
equal Toltune of water, and the mixture is distilled, an ej^ereal 

* The mlxtnrc did net reddm Btfl rtM i 
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which, after purification in the usual way, boils between 116® and 146®, has a 
composition expressed approximately by the formi|^ and when decomposed 

by potash yields only butyric acid and alcohols : %ence Veiel infers that it consists 
mauily of propyl butyrate, C'H**0*, mixed with lower hotnologues. Valeric acid 
treat^ in a similar manner yielded an ether having the composition of methyl 
valerate, and yielding valeric acid by saponification. No non-volatile 

products were obtained. '' * 

Action of Bromine on Ethrrs (Ladenberg a. Wichelhaus, Ann. Ch. Pharm. clii. 
163). — Oxygen-ethers in which the alcohol-radicle is immediately associated with a car- 
boxyl group, such as ethyl acetate, CH* — COOC^II^, ethyl oxalate, COOH — COOC*E*, 
&c., are not attacked by bromine ; but those in which the alcohol-radicle does not 
enter in this manner, such as ethyl-orthocarbonate, C(OC*H*)^ yield ethyl bromide 
when thus treated. Ortkoformic ether^ CH(OC*H')*, produced by the action of chloro- 
form on sodium ethylate (p. 621), is attacked by bromine in the cold, and the pn)duct 
when distilled yields ethyl bromide, ethyl metacarbonate (ordinary carbonic ether), 
ordinaiy ethyl formate, and alcohol ; thus : 

2CH(OC*H*)* -I- Br* = 2C*H*Br -t- CO(OC2H*)* -h CHO(OC*H») + C*H‘0 

Orthoformate. Bromide. Carbonate. Formate. Alcohol. 

orthocarbonate heate^l with bromine yields ethyl bromide, ethyl mebicarbonate, 
l^d a small quantity of bromal, resulting from the further action of the bromine on 
ethyl oxide likewise produced in the first instance : 

C(OC*n*)* + Br* = CO(OC=II*)* + [(C*H»)*0 + Br*]. 

Orthocarbonate. Metacavbonate. 

Ethyl metaxiarhonate heated with bromine also yields othyl bromide and bromal, with 
evolution of carbon dioxide : 


CO(OC*H*)* + Br* « CO* + [(C*H*)*0 + Br*]. 

CH»(OC*H*) 

Ethyl-glyeollic acid^ 1 , heivted with bromine yields ethyl bromide, and 

COOH 

probably also glyoxylic and glycollic acids. EthyUlactic ether is attacko<l by bromine 
at 100®, yielding ethyl bromide, hydrogen bromide, and a liquid which distils between 
120® and 260®, probably pyroracemic etlicr : 


CH> 

(!:n(oc’H>) + Bt’ 

<!;0(0C»H*) 


Cll* 

C’H‘Br + HBr + io 


C:0(0C»H‘). 


Action of Alcohols upon Ethers. — Oxygen-acid ethers and haloid ethers are decom- 
posed by heating with alcohols, the two alcohol-radicles changing places. Thus when 
etliyl silicate is heated to 160°-180® willi amyl alcohol, amyl silicate is formed, 
toother with ethyl alcohol. A mixture of amyl iodide with rather more than 2 mol. 
ethyl alcohol heated for 24 hours to 100®-! 80®, yields water, ethyl-amyl oxide, and 
ethyl iodide : 

C‘H"1 + 2(C*H»HO) = U'O + C»H“I + 

A similar reaction bikes place between ethyl iodide and amyl alcohol. In like 
manner ethyl acetate and amyl alcohol yield water, amyl acetate, and ethyl-amyl 
oxide. Ethyl benaoate, and especially ethyl chloride, are but slowly decompoeed. 
I^yl oxalate heated to 220®-250® for 36 lioiurs with 1 mol. amyl alcohol is partially 
dmmposed, yielding carbon dioxide, carbon monoxide, ethyl oxide, ethyl alcohol, 
oxAlatey and probably also ethyl-amvl oxide. Those ethers which are easily 
deStapOaible by water are also deoompose^i with more or less facility by alcohols, but 
appaJBsntly only by an action of masses, and not on account of the greater affinity of 
the alcohol to the acid (Vriedel a. Crafts, Atm. Ch. Pltarm. exxx. 198). 

A niixtare of ethyl iodide and amyl alcohol, or of amyl iodide and ethyl alcohol, 
in equivalent quantities, yields hydriodic acid and ethyl-omyl oxide, acoenrding to the 
equation : 

+ c.H‘1 - m + 

hydriodic acid thus formed acts upon the amylic or ethylic alcolitd in each a 
BMUUier as to form ethylic or amyliq, iodide and water, and, on the other hand, this 
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irhter loay upon the ethjlic or am^Uc iodide bo ae to reprc^uoe the alcohols, the 
reaction taking place one way or Ihe other till an cviuilibrium is established. In this 
nianner a smaU quantity of an alcoholic iodide may, by successive and alter- 
nating transformations, etherify a considerable quantity of alcohol, witliout any 
essential diminution of the quantity of the iodide (Friedcl a. Crafts, Ann. Ch, PAnrm, 

^^TcwrSng to H. Gal {ConvpL rend. lix. 1049), the methylic and ethylic ethers of 
the formic, benzoic, or oxalic series saturated vrith dry hydr^en bromide and heaUnl 
to 100°, are completely resolved into free acid and the bromide of the alcohol-radicle. 
Kthyl carbonate is resolved under these circumstances into otixyl bromide, carbon 
dioiade, and water ; ethyl nitrate yields ethyl bromide and a considerable quantity of 
red vapours. 

Action of Alkali-TMtcds . — The action of alkali -mctixls on oxygon-ethers has given 
rise to considerable discussion. I^wig a. Woidmann Ann. 1. 98). by heating 

ethyl acetate with potassium, obtained potassium ethylate and a liquid which roduc^ 
Bih4r salts : they aid not observe any evolution of hydnigon. L. Gmelin (Handbook, 
viii. 499) explained their results by the following equation : 

C*H>(CGI*)0* + K* *= C»lPKO + C»H*KO 

Ethyl acetate. rotaasium rotiwsinm 

ethylate. oldehyilc. 

Ooulher (Jrci. Phami. ['i] oxvi. 97 ; Jahrab. 1863, p. 323) found tluit vheft •%! 
acetate purified from alcohol by repeated rectification over soditim was healw Wttn 
sodium, the mettil dissolveil, with evolution of hydrogen and formation of SOOium 
ethylate, ami the sodium salt of an acid, which ho regards as ethyUdiOCitMi 

acid, 

2C*H*(C*H*)0* + Na* =» C*IPNaO + C*II*NaO® + H*. 

Ethyl acetate. Sofllnm Bodlum 

ethylate. ethyl* 

dlocetate. 


FrankUnd a. Duppa (C/«ni. Soc. J. [21 ir. 396 ; V. 102 -.Jahretb. 186«, p 304) bar. 
also examined the action of swlium on ethyl acetate and other comi^und ethers of the 
fatty series, with results partly agreeing with those of Oeuther. They find that when 
acetic ether is heated with sodium to 130° in a fiask provided with an inverted ^n- 
densing apparatus, two reactions go on simuiUineously, both being attended with 
evolution of hydrogen. (1) The sodium iwts in Buch a manner as ^ 
together with the monosodic and disodic salts of Ocuthor s ethybdiacotic acid (to whu h 
salts, however, they assign different names and rational formula*, p. 091) ; Ihua : 

4C'‘'H»(C*U*)0* + Nu’ = 2C*IPNaO* + 2CWO + U* 

2C’H*(C*1P)0* + Na* => C*H*Na^O* + C*II*0 + H*. 

(2) The sodium simply displaces an equivalent quantity of hydrogen 
two molecules of acetic ether, producing the ethyhc ethers of sodacetic and diso<uicetio 
acids : 


au<l 


2(C*H*0*.C*H‘) -r Na* - 2(C*H»NaO*.C*H*) + H* 
C»II*0*.C*H* + Na* *» C*HNa*0*.C*H‘ + H*. 


ThMO sereral sodium-compound, when heated with ethyl-iodide are 

ethers in which the sodium is replaced by an equivalent ™ 

sodium compounds, in fact, were not separateil and 

inferred from that of the several othylic coropounde, )0 

by treating the crude product of the action of sodium with ethyhc toOuU, soa W. 

tionating the resulting distillate. u-- ..1^ ‘‘ i 

The wtion of sodium ou ethyl acetate and other comwnd ^ 

studied by Wanklyn (Ciem. Aetes, 1868, pp. 121, 143 ; ZeUtchr.f. 
further, Chem. Aei*, 1870. p. 7). who obtain, the »me 
excepUon of the free hydrogen. Wanklyn indeed, 

a. Zidmann, that when sodium acU upon perfertly puw 

A McomlsiT rwurtion. bowerer, takes place M the «». time baween the 
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'ethylute and the excess of ethyl acetate, resulting in the formation of ethylene-sodium 
acetate and alcohol : 




HP 


and the sodium acting on the alcohol thus produced converts it into sodium ethylate, 
with elimination of hydrogen ; but the qimntity of hydrogen thus evolved is always 
much less than the equivalent of the quantity of sodium dissolved. When only a 
slight excess of pure ethyl acetate is used, no hydrogen is evolved. If the ethyl 
acetate originally contains alcohol, the quantity of hydrogen evolved is of course 
greater, (See further, Acetic Ethbus, p. 16.) Wanklyn also finds that amyl acetite, 
ethyl butyrate, ethyl valerate, and ethyl benzoate when acted upon by sodium do not 
yield a trace of gas. 

Frankland a. Duppa, in a recent communiciition to the Royal Society (Proc. liof/. 
Soc, xviii. 228), attribute the difference between their own results and tlioso of 
Wanklyn to t^ie fact that their experiments were made in open vessels, whoreiis 
'Wanklyn operated in sealed tubes. They however confirm Wanklyn’s observation 
that sodium dissolves in valeric other under ordinary pressure without evolution of 
gas, and suggest that in the case of acetic ether, the two reactions — viz. the ono 
observed by themselves, attended with elimination of hydrogen, the other observed by 
Wanklyn, unattended by evolution of gas — may go on together, the one or tlie othex* 
‘piPRlominating according as the experiment is made uiuler the ordinary pressure or 
'lil^fMaled tubes. In corroboration of these views, t hey point to the recent observation 
■of Cailletot, to the effect that the evolution of hyxlrogen from zinc and hydrochloric 
acid, or from water and sodium-amalgam, is gradually diminislied and finally stopped 
under increasing pressure. (See Ciikmicae Action, p. 428.) Lastly, they point out 
that, even in most of Wanklyri’s experiments with perfectly pure acetic ether, a certain 
amount, and sometimes a considerable amount, of hydrogen wxis evolved. In repdy to 
these observations, Wanklyn {Chem. ^'ews, 1870, xxi. 113) refers to the explanation 
which he had previously given of the elimination of hydrogen in this process— namely, 
.that it is due to the action of the sodium on alcohol resulting fi’om a secondary 
decomposition ; he regards the conditions under which Frankland and Huppi’s 
experiments were made — namely, the high temperature (130^) and the groat 
length of time (several days) occupied in the process — as peculiarly favourable to the 
occurrence of this secondary action. Finally, he obseiwes that potassium dissolves 
without effervescence in pure acetic other contained in an open vessel at ordinary 
atmospheric pressure. 

CH*(CH>) ( CH^CH> 

aTHirXi in the free state, or 1>Z£THTX., C*II'® = I or C ^ CH* , is 

CiP(CH») (H* 

identical with butane, butyl hydride, or tetryl hydride (v. 735), and isomeric with 
trimethyl-methane or trimethylformene, C | ^ , produced by the action of zinc and 

.water on tertiary butyl iodide (p. 374). Theso are in fact the only two possible 
modifications of the saturated hydrocxirbon C^II’®, the one having an atom of carbon 
directly imitod with throe other carbon-atoms, whereas in the other no carbon-atom is 
associated with more than two others : 


CH* 

iu« 

ill* 

Diethyl, 


CH» 

H'C— LcH* 

A 

Trimethyl .methane. 


According to Schdyen (Ann, Ch. Pharm. exxx. 233), pure ethyl or diethyl is easily 
obtained by heating a mixture of ethyl iodide and an equal volume of anhydrous 
ethef with thin strips of zinc, in seal^ tubes filled to about three-fourths, first to 
100®, afterwards to 130®-140®, for several hours. On cooling the tubes in ic^ water 
and opening them, the ethyl gas is evolved and may be collected in a gas-holder. 

A mixture of ethyl gas ami chlorine expose<l to diilused dayli^t yields an oily 
strong-smelling liquid, consisting chiefly of chlorodietbyl or butyl chloride, 
C»H» 

G*H*C1 ■■ I , which may be converted by saponification into primal^ butyl 
t' ^ C»H«Cl . ^ 

alccltoi (Schoyen, p. 372). 
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Ethyl gaslieated to 100® with ftitcess of bromine in sealed tubes is converted into 
butylene bromide and hydrobiomic acid : C*H‘® + 2Br^ « + 2HBr ((Jarius 

Ann. CA. Fharm. exxvi. 196). 

BTSTXit^ AClSTyiiXirAT»», S&XtTS OP. Acetylinated ethyl, or Acvidhi^l^ 
as its name implies, is ethyl with some of its liydrogen replaced by acetyl, C*H^O. 
Wanklyn attributes such a structure to some comjxmnds derived from acetic ether. 
Thus the oily liquid obtained by acting on acetic ether with metallic soilinm, and 
subsequently treating the solid product with any dilute acid, is acetate of acetylinated 
otliyl. Treatment of the same solid product with methyl iodide gives propionate of 
acetylinated ethyl ; similarly, treatment with ethyl itxlidc gives butyrate of aeetylinated 
ethyl. Another method of obtaining the salts of acetylinated ethyl is by the suc- 
cessive action of acetic ether and an iodide of an alcohol-radiclo on ethylate of 
scKlium ; thus by acting on ethylate of so<liuin, first witli acetic ether, and tlien with 
ethyl iodide, there is produced isocaproato of acetylinatetl ethyl. 

These compounds, which Wanklyn regards as salts of acetylinatcHl ethyl, wt;ro 
originally discovered by Geuther and by Frankland and Duppji, by whom they wero 
looked upon in a totally different light (p. 689). 

The following table exhibits the several formulae assigned to those compounds, 
together with their specific gravities and boiling points : 

Formuhe according to : 

Wanklyn. Kiankland and Boiling Pi>oclfio ^ 

^ — ! J>ui)])a. jwint. gravity. 

= II(C''ITO)> == CTPO.CO^C^Il* 181® 1 030 at 6® 

ITydrogpn- Ethylic Acetone 

tilacctyl. carbonate. 

« CH»(C‘‘n»0)» » C>IP(CH>)O.CO*C»U» 187® 1 009 at 6®. 

Methyl- Ethylic Mcthacetono 

triacetyl. / carbonate. 

= C*H‘(OTI*0)* = C*IP(CTP)O.CO*C«H* 196® 0-998 at 12® 

Ethyl-triaoctyl. Ethylic Ethoeetonc- 

corltonate. 

« C»lP(ClP)^O.CO»G»n'‘ 184® 0*991 at 16® 

Ethylio Pfmc‘tha(%tone 
carbonate. 

« C*n^(COTO/ = C’IP(C*IP)O.CO«C*H‘ 201 ® 0-9805 at 0 ® 

Isopropyl- Etbylic Irtoproptvcctone 

triacctyL carbonate. 

« CTP(C*U")’O.CO*C*H‘ 210° 0*974 at 20® 

Ethylic Pietbacctona 
carbonate. 


C^’lI*(C»IPO);,. 

Acetate. 

cni'(c»iPO)(^ 
C>H‘0 s ^ 
Fropionato. 

C*H*(C*H»0))n 

Butyrate. 


C^IPCCWO)?^ 

Isobutyrate. 

IsoTolerate. 


CTP(c*n»o)?^ 

Isocaproate. 


Geuther's ethyl-diacetic acid is identical with the acetate of acetethyl, and hit 
cthyl-di valeric acid, with the caprylate, C*H<(C?H*O^.OC*H'*0. 

The formulae in the first column afford perhaps the most intelligible explanation of the 
formation and principal reactions of these compounds. The reactions in question af6.j 
1 . !&change of acetyl for hydrogen by treatment with sodium ethylate, resulting IQ 
the formation of a compounu ether and a salt of ethylene-sodium : 


Butyrate. flodlnm 

EtbyUte. 


+ C?H<(C*H’0)K80 

Ethyl Ethylene- 

Butyrate. soAlum acetate. 


3. Extdmnge of the two add-forming radidee for 2 at. hydrogen under the infiiieiiei 
of an alkali ; e^g.. 


C»H*(COCH»)> 

CO(C»H’H 

fintyrate.. 


O + H*BaO* - 
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A mtt of acetylinated ethyl may obviously be r^^ed as ethylene half sstmted with 
LtyUnd half with acetyl-oxide; as a sort of half ketone and half acetic etW of 
ethylene. ^, 2 , ^ 

wamn AICOHOI. C'U'O = C«H>OH = 1 . Erlen- 

CH®OH 

meyer a. Tscheppe {ZeitKhr. f. Chem. [21 iv. 343) have obtained alcohol from ether 
by beating the Utter to IflO^-lSOO ^„ter slightly acidulated with sulphuric 


acid : 


C"H‘ 

I) 


HOH 


C*H»OH 


Linnemann (Ann. Ch. Pharm. exXviu. 249) has produced the ^me alcohol by 
reduction of acetic anhydride with sodium-amalgam. Acetic anhydride is gradually 
poured upon an amalgam containing 4 p. c. sodium, the vessel being kept cool, and 
MPe being taken that the mass does not harden. When the mixture no longer 
becomes hot on agitation, but appears dry and dusty, it is agitated with snow, which 
melts, with considerable reduction of temperature, the amalgam at the same pme 
deliquescing, almost without evolution of gas. Water is then added, together witha 
little fresh amalgam ; the mixture is left to itself for a while, then freed from an oily 
substance by filtration, and neutralisefi with potdissium carbonate ; and the di^nted 
liquid is dehydrated with solid potassium carbonate. The liquid thus obtained is 
Canary alcohol. Its formation may be represented by the following equations : 

C’H«0^ O CWO( 

^ - O - 


and 




+ 3H« « 2C*H»0H. 


HeiUiiione 1. Bv oxidation chr<mic acid 7nixture (p. 160), alcohol is completely 

converted into acetic acid : Cm^O + 0* » + IPO (Chapman a. Thorp) 

With potassium permanganate and dilute sulphuric acid it yields acetic acid and 
aldehyde * with the permanganate alone, oxalic acid and other products, including 
only small quantities of aldehyde and acetic acid ; with the permanganate in alkaline 
solution, neither aldehyde nor acetic acid, but either oxalic acid (at ordinary Urn mira- 
tures) or various other acids (at higher temperatures) (Chapman a. Smith, them. 

Affllte*alTOhol mixed in a well-cooled retoH with 1 mol 
ie strongly attacked, yielding liquid ethyl-phosphorous chloride, PC1»(0C*H>), which 
disUls at 90‘’-126° : 

PCl« + C’HKIJI = HCl + PCP(0C«H»). 

Sinular reactions take place with butylic and amylic alcohols (Menschutkin, Ann. Ch. 

Pharm. cxxxix. 343). , v i j • - 

8. Phosphorus suphocMoridc likewise acts very strongly upon alcohol, producing 
ethyl chl^de and ethyl-sulphoxyphosphoric acid, (C*H‘)H«PSO*, an oily, fetid, non- 
distillable liquid, heavier than water and insoluble therein ; 

PSCP + 3C*H»OH « (G2H»)H*PSO« -i- 2C*H*C1 + HQ. 

A small quantity of ethylphosphoric acid is however formed at the same time, with 

separation of sulphur (Chevrier, ZciV’-cAr. /. CAsw. [2] y. 413). 

4 Sulphuric chlorMrate, (SO’)"Cl(OH), forms with 1 mol. absolute alcohol, a 
black tarry mass which in contact with water liecomes hot and gives off an imtating 
gas With 1 mol. sulphuric chlorhydrate and 2 mol. alcohol, the residue 
thick brownish liquid, resolved by water into oily neutral ethyl sulplmte, S(C*H , 
and soluble ethyl-sulphuric acid, ^C'H*)HO* (Baumstark Ann. Ch. Pimrm. cil. 75). 

6 Stannic boride etherifles alcohol even more readily than sulphuric acid, and 
siay be advantageously substituted for the latter in the of ^mpoynd 

ethers It first unites with the alcohol, forming the compound 2C*H*O.SnCl [or, 
accordingi^ Lewy, 2(C*H»Cl,HCl).SnO>], which, when in presence of an amd, foim* 
the compound ether ; thus with benxoic acid : ^ 

2C*H»O.SnCP + 2C’H«0* - 2C»H»(C»H>)0* + Sna«.2H*a 
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The compound 2C*H*0 .SnCl* is resolved by alkalis into alcohol and stannic oxide ; * 
by ethyl alcohol into ethylic ether and hyc^ted stannic dUoride ; vith methyl or 
amyl alcohol in like manner it yields mixed ethers ; 

2C*H''0,SnCl* + 2H*0 =» 2C*H*0 SnO* + 4HCi 

2C*H*O.SnCl* + 2C*H«0 =» 2C«H>»0 + SnClV2H*0 

2C‘‘'H‘‘O.SnCl* + 2C‘H‘‘0 =. 2(C2H‘)(0ni'»)0 + SnCl«.2U*0 

(Girard a. Chapoteaiit, Bidl. Sue. Chhn. [2] viii. 349). 

6. Dilute alcohol fermented with syntonin^ or washed meat and chalk from Sens 
(which contains a peculiar ferment, Mierozyma creta), is converted into caproic acid 
and hoxyl alcohol, with evolution of marsh gas and hydrogen : 

+ 2C1I* + 2II» + 3IPO 

and 


= C«I1’'^02 + C^H'^O + 2CII* + 4U’0, 


these two reactions appearing to go on together (Becliamp, Conqit. rend. Ixvii. 568, 
560 ; Zeiischr. f. Chem. [2] iv. 702). 

Liebeu {Aim. Chim. med. September 1869, p. 136) has discovered a new and very 
delicate test for the presence of alcohol, depending upon its ctiriversion into io<lof<»rm. 
The liquid under examination is heat-od in a test-tuho, into which are then intrfHluced 
a few grains of iodine and a few drops of potash-solution, wheroupon, if alcohol is 
present, a yellow crystalline precipitate of iodoform is produced, immediately or after 
some time, according to the ilegroo of solution of the liquid. This test is Hai«l to bo 
capable of detecting 1 part of alcohol in 12,000 parts of water. For greater certainty, 
it is best to exiimino the precipitate with the microscope, iodoform exhibiting tho 
appearance of hexagonal plates or six-rayed sters. Tlio test just describotl lias been 
successfully applied to the detection of alcohol in urine. 

Sodium Alcohol. — Wanklyn finds that tho crj'stalline compound obtaiiiKl by 
saturating absolute alcohol with sodium has tho composition or 

C’GDNuO . 30*11*0, and bears a tompemtnro of 100® without giving ofi* ah'ohol. It 
melts completely at 100®, and remains perfectly colourless so long ns it is kept from 
contact with the air ; but the slightest access of air turns it brown. The cryishils 
dissolve with some difficulty in ether, more easily in a mixture of ethyl oxide atul 
acetate. When heated aboi'e 100® they give off alcohol, and when kept for some time 
at 200®, give off the whole of their 3 mol. alcidiol, leaving absolute sodium 
ethylate, C*H^NaO, as a white amorphous mass, infusible ami very liglit, so that it 
tloats on ether. It is insoluble in other, turns brown in the air, like the crystals, and 
may bo heated to 275® or even higher, without alteration. Heated to 100®--200'' witli 
ethyl acetate, it yields alcohol and othylcno-sodium acetate, isomeric with sodium 
laity r:ite. In like manner, with ethyl valerate it yields alcohol and ethylene -sodium 
valerate, isomeric with sodium oenanthylato (p. 588). 

Sodium ethylate unites with hydrogen stdphid^^ forming iho hotly CHDNaO , SII®, 
which has considerable stability, but breaks up slowly at 100® inte alcohol 
C*H*0, and sodium sulphydrate NaHS ; and in like manner with 1 mol. hydrogen 
chloride^ acetyl chloride^ ethyl acetate ^ ethyl valerate^ and ethyl benzoate. All those 
compounds have considerablo stability, but when heated to 100® or 150® they decom- 
pose, tho second for example into sodium chloride and ethyl acetate : 

C*H*NaO.C*H*OCl » NaCl -f C*H‘.C*H>0* 

{Chem. Soc. J. [2] vii. 199), For Wanklyn’s views of the constitution of these bodies, 
see Atomicity (p. 244) ; also Sodium. 

Geuther a. Scheitx (Zeitschr./. Chem. [2] iv. 878), by dissolving 1 pt. of sodium 
in 8 pts. of absolute alcohol, then sealing the tube, quickly separating tlie mothol*- 
liquor from the crystals when cold, and -drying these crystals with filter-paper, eithw 
immediately or after washing with ether (wnich however dissolves them in considerable 
quantity), have obtained crystals containing C*H*NaO . 2C*H*0. They dissolve in 
absolute ^cohol even more freely than in ether, and when loft over sulphuric acitt in 
a vacuum, give off the whole of tho 2 mol. alcohol (57*2 p. c.). ... i u i 

Dry chlorine acts slowly on sodium ethylate mixe^ to a pulp absolute alTOhoI, 

producing ethyl chloride, sodium chloride, andosygmi, which oxidises a portion of the 
alcohol to aldehyde and acetic acid : 

Cf*H»NaO + Cl* - C*ETOl + Kaa + O. | 

BrxmiM acts in the same manner, but more quickly. Jodiite and eodium ethylate 
yield iodoform (Maly, 2kU§ckr. /. Chem. [2] v. 846). 

Sup . a a 



594 
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mTMm BSOMXBaS. C*H»Br.— Personne (Campt rend. lii. 46 S) recommendi 
for the preparation of this compound the use of amorphous instead of ordinary 
phosphorus : 40 grms. amorphous phosphorus are mixed in a retort with 150-160 grms. 
absolute alcohol, and 100 grms. bromine are slowly poured in through a narrow tube 
passing through a cork fitted into the neck, the retort being kept cool. The mixture 
18 then distilled into a cooled rcceiTcr ; the distillate is treated \yith water ; and the 
ethyl bromide thereby separated is dried over calcium chloride and rectified. Ethvl 
bromide is also prtiduced by heating amyl bromide with ethyl alcohol ; and this 
reaction, as well as the corresponding one with methyl alct>hol, may be made available 
for obtaining the bromides of ethyl and methyl for the preparation of aniline-green 
(Hofmann a. Girard, p. 163). 

Brominated derivativea of Ethyl bromide are produced by heating ethyl bromide 
with bromine bo ITO'^ in sealed tubes. The product submitted to fractional distilla- 
tion yields monobromethyl bromide, C^H^Br.Br, which boils at 110°-112®, 
has a sp. gr. of 2T35 at 0®, and is isomeric with ethylene bromide, C'^H^Br*; and 
dibromethyl bromide, C^H^Br’.Br, boiling at 187°, having a sp. gr. of 2 6o9 
at 0^, and identical with monobromethylene bromide, C*H®Br.Br* (Caventou, Compt, 
rend. lii. 1330). 

Monobromethyl bromide is probably identical with ethylidene bromide, produced 
by the action of phosphorus pentachloride on aldehyde (ii. 699) ; its relation to 
ethylene bromide is represented by the following formulse : 


CH*Br 

Ethylene bromide. 


CH» 

LHBr» 

Brometbyl bromide or 
Ethylidene bromide. 


Reboul has observed that monobromethylene heated in sealed tubes with hydrobromic 
acid yields the latter compound, instead of reproducing ethylene bromide, a result 
easily accounted for if we suppose that> in the formation of bromethylene from 
ethylene bromide, the elements of hydrobromic acid are abstracted from both of the 
somimoleculcs CH'-'Br, and that in the conversion of tho bromethylene into bromethyl 
bromide or ethylidene bromide, the same elements are added on in the reverse onlor ; 
thus ; ■ 


CHHBr 

(Br 

CHH 

1 

*“ 1 

S3 1 

CHBrH 

Ethylene 

bromide. 

In 

CHBr 

Bromethylene. 

CHH 

\ 


CH* 

+ ! 

CHBr 

Bromethylene. 

(Br 

CHBr» 

Bromethyl 

bromide. 


According to Caventou, bromethyl bromide treated with alcoholic solution of potassium 
acetate, yields a small quantity of ethylene diacetate, a result most probably due to tho 
previous conversion of a portion of tho bromethyl bromide into tho isomeric compound 
ethylene bromide {Dictionnaire de Chimiet i. 1314). 

BTHYli CRXiOBZX>Bi C^H*C1, is formed : a. By the action of chlorine on 
ethane, C-H* (whether produced from a methyl-comi>ound, e.g. by tho electrolysis of 
acetic acid, or from an ethyl -compound, eg. by tho action of sulphuric acid on mercuric 
ethide), tho two gases being mixed in the shade and at tho temperature of 6° 
(Schorlemmer, Compt. rend. Iviii. 703 ; Ann. Ch. Pharm. cxxxv. 234; Jahresb. 1864, 
p. 467). 

0. By tho action of phosphorus pentachloride on potassium ethylsulphate, sulphuryl 
chloride being formed at the same time (Naquet, Dictwnnaire de Chimie^ i. 1315) : 

®®ioK^* = C’H'Cl + SO»Cl» + 2POC1* + KCl. 

JBthjl chloride heated in sealed tubes for five hours to ISO*’ with three or four times 
its weight of at^neous hydriodic acid, sp. gr. 1*9, is for the most part converted into 
etl^l iodide (Lieben, see p. 437). 

£Uiyl chloride is absorbed by sulphuric anltydride, forming chlorethyl -sulphuric 
add, (R. Williamson, ii. 629 ; v. 676). This compound has lately been 
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farther by Purgold {Zeitschr,f, Chem, [2] iv. 669), who, however, makes no 

reference to Williamson s results. He finds that it boils in a vacuum at 80®-82® hns 
a sp. ^ \ 1-3566 at 27® ; 1*324 at 61®. It is insoluble in water’ nnd 

when heated with water m seal^ tubes, yields ethyl oxide, ethyl chloride, hydrochloric 
aod, and sulphuric acid ; alcohol decomposes it in a similar manner. When ethyl 
chloride is Rotated in a sealed tube urith a lai^o excess of sulphuric anhydride, a 
yellowish acid liquid is formed, which dissolves completely in water and "yields a 

potassium salt having the composition C‘H*(On)|^^°'0^. Tho same acid is formo.1 
in small quantity in the preparation of chlorethylsulphuric acid (Purgold). 

Mo,iochhrina(ed Etht/l Chloride, Cm*C\ .C\, \a identical with cthylideno chloride, 
CH* — CIICP, having very nearly tho same boiling point and specific gravity (ii. 631 1 
699), and being converted by sodium ethylate and by alcoholic potasli under pressuro! 
into vinyl chloride, C-^H*C1 (Peilstein, dtm, Ch. Pkarm. cxiii. 110). 

('hlorcthyl chloride heated to 140® in sealed tubes with a solution 
sulphite is converted into sodium chlon thylsulphato : 


tion of neutral sodium 


C“H'ClSO>Na or 

(Kind, Zeitschr, f. Chem. [2] y. 165). On the other hand, Stiidel {ihid. iv. 272), by 
heating ethylidene chloride with solution of neutral potassium sulphite in a retort 
with upright condensing tube, has obtained two acids free from clilorino, viss. othyli- 

denc-sulphuric acid, CH^CIT and cthylidone-disulphuric acid, CIPCH j 


STHYX* ZOBZSS, C’HH, is pro<1uced by heating the chloride with bydriotllc 
acid in sealed tubes (p. 437). In preparing it by the action of io<line and plioHjdiorns 
upon alcohol, Personne {Compt. rtnd. lii. 468) recommends the use of amorphous 
phosphorus : 30 grms. of pulverised amorphous phosphorus" and 1 20 grms. alisohito 
alc<»hol are introduced into a tubulated retort; 100 grms. of io<line are nddtMl in two 
ixirt.ions, with an interval of a few minutes, and tho mixture is distilled till water no 
longer separates anything from the liquid which passes over. Tho product is 
decolorised with a few drops of potash solution, and washed with water, llieth 
a. Beilstein {Ann. Ch. Pharm. exxvi. 260) recommend 10 pis. aTnorpln>ns phosphorus, 
60 pts, alcohol of 90 p. c. (sp. gr. 0*83), and 100 pts. dry iodine, addoil by small 
portions, these proportions being founded on tho equation ; 


6Cm«0 + 61 + P = SC’HH + P1I’0« + IPO. 


They also recommend that the mixture bo left to itself for 24 hours before distillnticn, 

limciions . — 1, Ethyl iodide oxidised with chromic acid mixture (p. 160) yields 
acetic acid, water, and free iodine, 2C*II*I + O* *=» 2C’^U^O* + IPO + I* (< 'hapman 
a. Thorp). — 2. Heated with silver powder \o 120®, it yields a conibustiblo gas conMsting 
chiefly of diethyl or butane, C^H'® (Wislicenus, ^itschr. f. Chem. [2] iv. 681). — 
3. converts it completely in ethyl bromide, without formation of hy<lrobromjc 

fvcid (Friodel, Jakresb. 1866, p. 491). — 4. Iodine monochloride gradually addo<l in 
equivalent quantity converts it into etliyl chloride, with separation of itHiino : C'^HT 
+ ICl « p C®H*C1 (Qouther, Ann. Ch. Pharm. cxxiii. 123). — 6. Heated for several 
hours to 160^ with concentrated hydriodic amd, it is partly converted into ethane 
(ethyl hydride), with separation of hydre^en [? i<xiino : C^ll‘1 + HI *= C*U* + I*] 
(Butlerow, Ann. Ch. Pharm. exJiv. 36). — 6. HeJitod with mercuric chloride, it yields 
ethyl chloride and mercuric iodide (Oppenhoim, Compt. rend. Ixii. 1086). — 7. When 
ethyl iodide, phosphorus trichloride, and zinc are heated together to 100® for eight or 
nine hours, the zinc becomes covert with a brown film, and the liquid on cooling 
deposits crystals of phosphorus di-iodido. Tho liquid pnxluct mixed with water gives 
oflT ethane, and deposits a brown substance which contains zinc and gives off hydrogen 
phosphide when boiled with potash ^Chapman a. Smith, laboratory, p. 22).— 8. Heated 
with neutral potaeeium eulphite, it yields ethylsulphite and iodide of potassium : 

C*H®I + KSO*.OK « KX + C*H*.SO*.OK 

(Strecker, ZetfscAr. f. Chem. [2J iv. 213). — 9. It is strongly attacked by eulphurie 
chtorhydrate, SO*HCl, yielding ethylcnilphuric acid (Wroblevsky, ZstiscAr. Chem. 
[2) V. 280). — 10, Heated with amyl alcoholt it yields hydriodic acid and 
oxide : 

C*H*I V - HI + 

(Friedel a. Crafts^ p, 687). 


o Q 2 
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STKT& oxmm, C^H'*0 « (C*H*)*0.— The presence of small quantities of 
water in common ether may be detected by means of potassium phosphate, which is 
insoluble in anhydrous ether, but dissolves partially in ether containing water, a brown 
residue being left (Romei, Zeitsehr. anal, Chem. 1869, p. 390). 

Ethyl oxide unites with certain metallic bromides and chlorides^ forming crystal- 
lisable compounds, which are decomposed by water and by heat, and decompose 
carbonates with effervescence (Nicklis, Compt, rend, lii. 396 ; Iviii. 637 ; lx. 479, 
800). 

Bromo-aluminio Ether y .2G*W^O, is obtained by treating ethyl oxide with 

bromine and aluminium-filings, whereby two layers of liquid are formed, the lowrr 
containing the bromo-aluminic ether. This compound is volatile without decomposi- 
tion, and forms a yellow, very fusible, and deliquescent sublimate, imperfectly soluble 
in water. An iodo-cduminic ether may be obtained in the same manner. 

Bromo-antimonioua Ether ^ SbBr® . formed by the action of biromine on 

pulverised antimony in contact with ether, is an oily deep yellow liquid, which begins 
to boil at 91°, giving off bromine, ether, and hydrobromic acid, and leaving a residue 
of antimonious bromide ; part of it however distils without decomposition. Ethyl 
oxide combines in like manner with antimonious chloride^ but not with the iodide. 

Bromo-arsenious Ether, AsBr*. C^1I'®0, prepared like the preceding, is more volatile, 
but decomposes even at ordinary temperatures. Evaporated over sulphuric acid, it 
leave s a residue of arsenioiis bromide crystallised in long shining prisms. Volatirusos 
when heated, but is in great part decomposed ; is not atUickod by zinc. Arsenious 
chloride forms a similar compound. 

Bromolmmuthic Ether is obtained by direct combination of bismuth bromide with 
ether under pressure, or by the action of bromine on pulverised bismuth in presence 
of ether. Over sulphuric acid in a vacuum it crystallises in very deliquescent rhombic 
prisms containing BiBr*.C^H‘®0 + 2H*0. A similar compound is fonned with 
bismuth chloride, but not with the iodide. 

With the bromides of cadmium and zitic, ethyl oxide forms unstable compounds 
which fume in the air and dissolve in water, apparently decomposing at the same 
time ; with ferric bromide it forms a compound of a deep red colour, decomposible by 
heat. 

Bromomercuric Ether, ITgBr^. 3C*II’®0, is produced by tlio action of bromine on 
mercury under other ; the lower layer of liquid then formed deposits mercuric bromide, 
and the mother-liquor consists of the ethereal compound. 

Chloroboric Ether, 2BCl®.6C^Ii“*0 + 9aq.(?), is a volatile liquid obtained by 
heating an alcoholic solution of boric acid satumted with hydrochloric acid. 

Cldoromanganic Ether. — By passing hyilrochloric acid gas into a mixture of etlu r 
and manganese dioxide in a vessel cooled with ice, Nicklis has obtained a compound 
to which he assigns the formula MnCP . 12C<H'®0 -t- 2aq. It is a green, very unstable 
substance, soluble in ether, insoluble in carbon bisulphide, easily reduced by metals, 
metallic sulphides, &c., yielding manganous chloride. 

CMorothallic Ether, T1CI». . IICl + aq, (v. 748). Chlorosiannic Ether, 
SnCl^2C^H“■0 (v. 809). 


Substitution-derivatives of Ethgl Oxide. 

P*TT*ri * ) 

Sioblorlnated Stbyl Oxide, C*H®C1‘0 = (formerly called Mono- 

chlorinated ether, ii. 640). — Lieben a. Bauer {Ann. Ck. Pharm. exxiv. 130. Lieben, 
ibid, cxxxiii. 287 ; exit. 236 ; cxlvi. 180 ; cl. 87 ; Jahresb. 1864, p. 471 ; 1866, p. 485; 
1807, p. 544). — This compound is best prepared by passing washed and dried chlorine 
into anhydrous other cooled to 0° in a flask with upright condensing tube, and after 
some time (about 10 hours when a kilogram of ether is used) distilling the product 
in the water-bath, whereby a colourless distillate and a brown residue are obtained. 
The distillate is again treated in the same manner with chlorine, the product redistilled 
from the water-bath, and this treatment repeated till the portion volatile at 100° has 
disappeared. The united dark-coloured residues are then heated in an oil-bath till a 
thermometer immei^ed in the vapour rises to 136° ; the portion which has passed over 
is again treated witli chlorine ; and finally, after another repetition of this treatment, 
the brown-black residues not volatile at 136° are subjected to fractional distillation. 
The portion which then distils between 140° and 147° consists for the most part of 
dichlorinated ethyl oxide. It is a limpid colourless liquid, having an acrid taste, and 
burning with a green-edged flame ; sp. gr, 1*174 at 23°. It dissolves for the most 
part in water at ordinaiy temperatures, with evolution of heat and formation of 
hydrochloric acid, alcohol, and a body which exhibits the reactions of aMehjde. 
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From the following reactions it app^rs most probable that the two chlorine-atoms in 
the molecule of this ether are situated unsymmotrically, as represented bv the 

formula symmetrically as in the formula 

The dichlorinated ether added by drops to an ethereal solution of ^inc-cth^l cooled 
to -16®, is conrertod into ethylochlorinatod ethyl oxide, C®II*»C10 : 


2P™(o] + Zn(Cm»)> = ZnCl« + 2 ■ Cl . Cm; | 

This compound is a liquid having a pleasant cthtTcal odour, and boiling at 137®. 
8p, gr. of 0*9736 at 0®. Vapour-density « 69 3, referred to hydi\>gen as unity 
(ealc. 68 26). It is insoluble in water, but mixes in all proportions with alcohol and 
etliter. 

By heating ethylochlorinated ethyl oxide witli zinc-cth;>l, the remaining atom of 
chlorine is removed, and diothylated ethyl oxide, C"H"‘0 = 

isumeric with butyl oxide, (C^lP)-0, is produced. Dichlorinated ethyl oxide treated 

C'^ll* Cl (UD) 

with cinc-nicthpl yields methylochlorinatod ethyl oxide, " ‘ colour- 

IcHS art>matic liquid miscible with alcohol and ether, having a sp. gr. of 0-9812 at 
and vapour-density — 63 (calc. = 62'26). 

Kthylochlorinated ethyl oxide treated with fnmmg ky dr iodic acid yields, as principal 
products, ethylated ethyl iodide (or butyl iodide), ethyl icxlido, hydrochlorio acid, 
ami free iodine, together with butyl chloride and secondary products. Tlio reaction 
appears to take place as shown by the following eqiuitions : 

C’H>.ci.cae|Q ^ 2JJJ ^ c’lP.ci.c'UM + c»u»i + U“o. 

EthylochlorinatcHi Ethylochlorinated 

ethyl oxide. ethyl iodide. 


C^HVCl.CniM + 

Ethylochlori nated 
ethyl iodide. 

Butyl chloride* 


HI 


CH1>.C1.C»IP.U + V. 

Butyl chloride. 


- 1 - HI « CHP.I.CnP.il + HCl. 

Butyl iodide. 


This butyl iodide has the constitution of othyl-mctliyl carbinyl iodide, U 


C’lH 
(.:H» 
H * 
I 


and 


when heated with silver acetate yields the corresponding acetic other, which, when 
saponified by potash, yields secondary butyl alcohol or ethyl-motliyl carbinol, 
C»H» 
p CH* 

^ H ' 

VOH 

Diethylated ethyl oxide treated with hydriodic acid yields in like manner diothyl- 
ated ethyl iodide, C*H>(C*H»)H » from which, by saponification, a 

secondary or tertiary hexyl alcohol might probably be obUiined. 

Action of Sodium Alcohol and Alcoholic Potash on Dichlorinated. Ktkyl Oxide., 
Dichlorinated ethyl oxide treated with alcoholic p<jtash, or better with sodium 
ethylate, is converted into oxethylochlorinated ethyl oxide, C*H'*C10*: 


C*H»C1» 

C’H* 


;|o 


+ C*H‘ONa - NaCl 


C*H*C1.C*H“0 

C*H» 


|o, 


a limpid colourless liquid having an a^eeable refreshing odour, Injiling at 167®- 168 * 
heavier than water, and not attacked by aqueo^ul potash, even at the boiling heat. 

When 1 mol. dichlorinated ethyl oxide is treated with 2 mol. sodium ethylate, the 
second atom of chlorine is also, though slowly, replaced by oxethyl, C*H*0, yielding 

dioxethylated ethyl oxide, This compound is bast prepared 

by heating oxethylochlorinated ethyl oxide with a slight excess of ^ium ethyUte to 
140®-160® for 80 hours, separating the product by water, submitting Jt to 
distillation, aod beating the portion which goes over between 162 and 171 witn 
sodium. It is a colourless firagrant liquid, not miscible with a •?'»'' 

of 0*8924 at 21®, and boiling at 168®. Heated with ooncentrs^ hydrUx^ rntd to 
130®, it yields ethyl iodide, alcohol, charcoal, and a smaU quantity of another iodised 
coD^l^ttd: 



698 


ETHYL SULPHIDE. 


^ 2HI = 2C>H I > C^B’O + 2H»0 + C*. 

Ethylochlorinated ethyl oxide heated to 140° for twenty or thirty hours with 
sodium ethylate or with pasty alcoholic potash^ is converted into ethyloxethylated 
^ c*Ji* n^TT^o ) j 

ethyl oxide, > O, a liquid having a pleasant ethereal 

odour, floating on water, and boiling at 147'^. 

Oiymethyl chlorinated Ethyl oxide, C‘H"C10» = | 

produced, like the corresponding ethyl compound, by the action of sodium methylate 
on dichlorinated ethyl oxide, boils at 137°, and has a sp. gr. of 1 066 at 13-6°. 

Action of the Chlorides and Bromides of Phosphorus on Dichlorinated Ethyl Oxide^ 
^c . — Phosphorus tribromide acts upon dichlorinated ethyl oxide at 200*^ in the 
manner shown by the equation : 

“ aC'H^Br + 3HBr + 6HC1 + 60 + I«0>. 

On ethylochlorinated ethyl oxide, phosphorus tribromido acts at 180®, forming 
phosphorous acid, ethyl bromide, and a chlorobromide, probably consisting of C*H®ClIlr 
or . ClBr, which however has not been obtained piiro. Methylochlorinated 

ethyl oxide yields similar products. 

Phosphorus pentachloride decomposes dichlorinated ethyl oxide, forming hydro- 
chloric acid and a black liquid containing phosphorus trichloride, together with 
chlorinated substitution-products of dichlorinated ethyl oxide and their products of 
decomposition by heat. Ethylochlorinated ethyl oxide reacts with phosphorus penta- 
cliloridc in a similar manner. 


ETKTZi SITZiPSXllE, (C*JI*)*S, is produced by passing the vapour of sulphurous 
chloride, SO“Cr^, togetlicr with a current of carbon dioxide, over zinc-cthyl. Oji 
distilling tlio resulting viscid mass with water, zinc oxide separates, and ethyl 
sulphide boiling at 91° passes over (F, Gauhe, Johresb. 1867, p. 542). 

Ethyl sulphide dissolves in fuming nitric acid, with evolution of rod vapours, and 
without formation of sulphuric acid. The acid solution wlicn left to eva|X)riito 
solidities to di othy Isulphouo, (C*ll®)^SO^, or sulphuric dioxydiethidc, 

^ ’ which crystallises from hot water or alcohol in long thin tables, melts at 


70°, boils at 248°, and is reduced by nascent hydrogen to ethyl sulphide. 

Nitric acid of sp. gr. 1*2 dissolves ethyl sulphide without much evolution of gas, 
forming an acid uncrystal lisable liquid, which is converted by iwtassium fcrricyanido 
and free alkali, by potassium chromate, and by ferric chloride, into several crystal lisable 
compounds w'hose composition has not yet been determined (A. v. Oefele, An 7 i. Ch. 
Pharm. cxxvii. 370). 

Ethyl sulphide unites directly with chloride, bromide, and iodide of ethyl, forming 
triethylsulphurous compounds (v. 881) in which the sulphur maybe regarded 
as quadrivalent : e.g., 


(C“n>)»3 + C«H*I - 

£tbyl sulphide. Ethyl Sulphurous 

iodide. triethiodide. 


This triethiodide is also formed by heating ethyl sulphide with acetyl iodide in sealed 
tubes. On dissolving the resulting crystals in water, removing the iodine with silver 
oxide, neutralising with hydrochloric acid, and adding platinic chloride to the flltnite, 
crystals of a platinum salt are obtained exhibiting the composition 2[S(C*H*)*C1] . PtCF 
(Lukaschewicz, Zeitsehr, f. Chem. [2] iv. 643). 

Ethyl-methyl Sulphide. C*H“S — (Carius, Ann. Ch. Pharm. cxix. 

313 ; cxx. 61). — Produced by heating ethyl disulphophosphate with 2 vol. anhydrous 
methyl alcohol to 160° for an hour or two, and distilling the product; 


- CH*|s + 

Bthyl-dUulpho- Methyl Ethyl-methyl Diethyl^ll^o- 

pho^hatp. alcohol. sulphide. phoqp^haric acid* 

Ethyl-methyl sulphide is a colourless liquid having a disagreeable odour, boiling at 
58‘8°*-59*6° (corr.) with the barometer at 767 mm., and having a vapour-density of 
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2 625 (calc. 2,6-2;6)- B7 oxidation wiU> nitric acid of sp. jrr. M, it yields oUivt. 
sulphurous acid. Mixed in alcoholic solution with meiwric chloride it forms shin'n 

containing 2(C H )(CH )S.Hf,I is produced by boiling a solution of mercuric 
sulpbethylat^ (mercaptide) m absolute alcohol wiUi methyl iodide. It is a ault>liur- 
vcUow crystalline powder, which melts under boiling alcohol, and solidifies on cwlinsr 
10 a mass having the aspect of porcelain. It is sparingly soluble in alcoliol, and 
when boiled with a quantity of that liquid not sufficient to dissolve it, is decompost-d 
with separation of mercury and mercuric sulphide. ^ * 

Eth^l-amyl Sulphide. (5^^n|s (Carius, loc. cii. ; Saytzeff, Avn. Ch. Phann. 

cxxxix. 354 , further, Zeiis^r. f, Lh*nt. [2] vi. 104). — Carius propart^s this compound, 
like the preceding, by the action of amyl alcohol on ethyl disulphophosphute. 
Saytzeff prepares it by the action of ethyl itxlide on sodiura-amyl sulphide ; also by the 
action of amyl iodide on a solution of potassium monoaulphido in absolute alcohol 
(^xjtassium-cthyl sulphide), or of amyl chloride on sodium-ethyl sulphide : 


C^H'NaS + C^n'‘Cl = NnCl + (CnP)(C^H")S. 

On heating the last-mentioned materials together in a scaled tube for 6 to 8 hours, 
washing the product with water, drying and rectifying, an oily body was obtained, 
distilling for the most part between 150^ and 160^ and after repeated treatment with 
sodium passing over completely at 157°-159®. It is a colourless liquid having an 
alliaceous odour, insoluble in water, boiling at 132^-133-5° (corr.) under a pressure of 
758 mm. (Carius); at 158° (8aytzo^. Sp.gr. = 0 852 at 0° (Saytzeff). Vajxiur- 
density referred to air == 4'4954 (Carius); calc. »= 4-5606. By oxidation with nitric 
acid, it yields, according to Carius, nothing but ethyl -sulphurous acid ; according to 
Saytzeff, on the other hand, the chief product of the oxidation is cthybamyl 
oxyaulphide, with only a trace of ethyl-sulphurous acid. The compoun<l of ethyl- 
amyl sulphide with viercurlc iodide, 2(C*H*)(C‘H‘')8.1IgI^ prepared' like the corni- 
sjionding methyl compound, is more easily fusible and more soluble in alc<-)hol than 
the latter. It is decomposed by heat. 

Kthyl-amyl Oxy sulphide, (C*H*)(C'1I")S0, is a viscid liquid insoluble in 
water, soluble in alcohol and ether, solidifying to a crystalline mass at —16°, and 
decomposing when distilled. It is not susceptible of further oxidation. Naiscont 
hydrogen reduces it to ethyl-amyl sulphide (Sayl.zeff). 

Ethyl-henzyl Sulphide, (C-1I*)(C’II’)S, prepared by the action of ethyl iotlido 
on sodium l>enzyl-mercaptide, C’^H'NaS, is a limpid, colourless, very pungent liquid 
distilling at 214°-2I6° (Marker, Ann. Ck. rhami. cxl. 86). 

Ethyl Bisulphide. (C*II^)-S* — This compound heated in a scaled tube with 
4 mol. ethyl iodide yields sulphurous triothiodide, with separation of iodine : 


(CW)»S» + 4C*IPI « 2S''^(C»H‘)’I + P 
(Sa}*tzeff; Zeitechr. f. Chem. [2] vi. 109). 

Ethyl Btsulphoxide, (C*H')*S’^0*, is produced by treating ethyl bisulphide 
with nitric acid of sp. gr, 1-2 diluted with an equal volume of water. After washing 
with water and drying over calcium chloride, it forms a colourless transparent liquid, 
having an alliaceous, somewhat biting odour; it is easily soluble in alcohol and 
ether, docs not crystallise at low temperatures, and is decf>m posed by boiling even in 
a vacuum. Strong nitric acid dissolves it without alteration at ordinary temperatures, 
hut oxidises it at the boiling heat to ethylsulphuric acid. By zinc and dilute 
sulphuric acid it is reduced to bisulphide and ultimately to mercaptan (Lukaschewicz, 
Zeitschr. f. Chem. [2] iv. 641). The same comwund appears to nave been obtained 
hy Kopp and by Lowig a. Weidmann (Ann. Ch. Pharm. xxxv. 343) by the action 6i 
nitric acid on mercaptan. 

3BTKiritA.CSTOmk See Kbtoitis. 


Wanklyn a. Chapman (Proc. Boy. Soc. xv. 218) prepare 
©tbylamine by heating equal volumes of ethyl iodiae, strong alcohol, and ammonia for 
half an hour and with constant agitation to a temperature somewhat below 100°. 
After the fx^ ammonia has been removed by evaporatioi^ the product is distilled 
with potash ; the distillate is received in dilute sulphuric acid ; t^ ammonium 
fulph^ is separated by alcohol ; and the alcoholic solution of the remaining eulnhate 
is distilled with a quantity of potash sufficient to liberate about ^ of the oases 
present. The distiUste then contains no base except ethylamine, together with 
ulcohol and water# 
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By oxidation with chromic acid mixture^ ethylamine is converted into nitrogen, 
water, acetic acid, and aldehyde, without formation of ammonia (Wanklyu a! 
Chapman, Chem. jSfe>c. J. [2] iv. 828). 

Hydriodic acid converts ethylamine into ammonia and ethane (Berthelot). 

On the conversion of ethylamine into alcohol by the action of nitrous acid, see 
Alcohols (p. 63). ^ 

Ethylamine heated in sealed tubes with ethyl orthoforTiiate, CH(OC*H*)*, converts 
that ether into ordinary ethyl formate, CHO(OC^II*) (Wichclhaus, Zcitechr. /. Chem ‘ 
[2J V. 284). 

Dicthylamine. (C*H')*HN. — The hydrochloride of this base distilled with 
potassium nitrite yields nitrosetliylin or nitrosodiethylin, (C^H')^(NO)N (iv. 114). 
'IHothylamine hydrochloride mixed with a moderately concentrated solution of 
potassium nitrite is not decomposed in the cold, but yields nitrosodiethylin on boiling 
the mixture till potassium chloride separates out (Geuther, ZeitBchr. f. Chem. [2] ii. 
613). According to Heintz {dyid. 671), the triethylamine salt is not decomposed, or 
but very slightly, in dilute aqueous solution, whereas with the di ethylamine salt the 
decomposition takes place more easily ; the reaction may therefore be applied to the 
separation of di- and tri-ethylamine. 

Tetr ethyl ammonium. — On the salts of this base with metallic acids, see 
vol. V. p. 731. 

STKYXiiLTS or SOOZVAI. See Ethyl Alcohol (p. 692). 
STHYX-BBirZOXC iLOXB. = C-nXC^Il*) . CO’*II (Kokul6, Ann. Ch. 

Pharm. cxxxvii. 178. Fittig a. Kdnig, ibid, cxliv. 277. KokuI4 a. Thorpe, Chem. 
Soc. J. [2] vii. 366). — This acid, isomeric with xylic acid, was first obtained by 
Kekul6, by the action of sodium and carbon dioxide on bromethyl-benzone : 

C^H^Br.C^H* + Na« + CO* = NaBr + C«H«(C*H») . CO*Na. 

Fittig a. Kdnig produced it by oxidising diethyl-benzene with boiling dilute nitric 
acid ; 

c-n*(c*H^)* -H o« - CO* -I- 2n*o + c«n^(c*iF).co-ii; 

and Kekul6 a, Thorpe have further examined it and demonstrated the identity of the 
acids obtained by the two processes. 

Ethylbenzoic acid crystallises from boiling water in small laminm, less soluble in 
water than benzoic acid ; from alcohol in small prisms. It melts at 110°-111° and 
solidifies on cooling to a radio-crystalline mass; melts also when heated with a STunll 
quantity of water not sufficient to dissolve it; sublimes without decomposition below 
its melting point. Easily soluble in ether and in alcohol. 

iSarium ethyl -benzoate.^ (C*H®0*)Ba + H*0, crystallises in concentrically \mited 
efflorescent laminae, soluble in 46 pts. of cold water. The calcium .salt (C"H'‘0*)‘Ca 
+ 211*0 crystallises in feathery tufts of needles. The copper salt is a 

light blue precipitate quite insoluble in water. The silver salt C*ll”0*Ag is a white 
precipitate crystallising in needles from hot water (Fittig a. Konig). 

By further oxidation with nitric acid of greater concentration than that used in its 
preparation, ethyl-benzoic acid is converted into terephthalic acid, C®H*(CO*II)* (Fittig 
a. Konig). 

C*H* 

BTBYZi-CROTOXrXC ACXB. = C (C*H<)". — This acid, isomeric 

CO*H 

with pyroterebic acid, is produced by decomposition of diethoxalic acid (iv. 273). 
Frankland a. Duppa {Chem. Soc. J. [2] iii. 133) obtain the ethylic ether by treating 
ethyl ic diothoxalate with phosphorous chloride: 

3OH‘»(C*H*)0> + PCI* = 3C*H»(C*H*)0* + PH*0» + 3HC1. 

Geuther (Bull. Soc. Chim. [2] x. 34 ; Jdhreeb. 1867, p. 456) prepares the acid by 
heating ethylic diethoxalate wiUi hydrochloric acid to 150^ : 

8C*H*'(C*H*)0* + SHCl + H*0 « 2C*n‘®0* + 3C»H'®0 + 8C*H*C1 
Ethylic diethoxalate. Ethyl- Propiono. Ethyl 

crotonic acid. chloride. 

+ 8C*H*0 + 6CO*. 

AlcohoL 

By treating diethoxalic acid with phosphorus pentachloride, and distillii^ the 
product, Geuther obtained an oily liquid which when treated with water jikded 
nydrocliloric and ethylcrotonic acids, and therefore consisted of ethylcrotonic 
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chloride. The diethoxalic acid is first converted by the pentachloride into diethoxolic 

chloride : 

C«H**0* + PC1» -= POCP + HCl + C*H>20*C1; 

and this chloride is resolved by distillation into water and ethylcrotonic chloride J 

c^H^o^ci = ir*o + c«n»oci. 

Ethylcrotonic acid crystallises very easily from fusion in lai*ge four-sided prisms 
having a peculiar odour, reealling those of pyrogallic and honzoie acids. It imdts at 
(Erankland a. Duppa) ; at 41-5^ (Geuthor); sublimes at ordinary tem]>««ra- 
turcs ; dissolves sparingly in water, very easily in alcohol aiul cthi r. The aijueons 
solution reddens litmus and neutralises the strongest bases. iLs sails easily give up 
]>art of their acid when their solutions arc evaporated ; the barium, and 

sodium salts are soapy. Tlie sparingly soluble silver salt (J"ll“0*Ag orystallises fi\nu 
water in scales which are not much aft'oetod by light; i\\o cujiric salt (t''*ll'*()-')‘( 'u is 
a greonish-bluo pi^cipitalo ; the lead salt (C’'*ll''0-)'‘Ph is a white pn-eipitate quite 
insoluble in water. The etht/lic ether ('“I1**(V- . C-IP is a very mobile liquid having a 
burning taste and pungent odour, recalling that of peppermint oil and that of fungi ; 
it is nearly insoluble in water, mixes in all proportions with alcohol and ethi'r. boils 
without decomposition at 165'^, and lias a sp. gr. of ()-9203 at 13\ It does not 
oxidise in the air, and is not alumed by contact with water, Vait is resolved by boiling 
with alcoholic potash into alcohol and cthyl-crotonic acid (Erankland a. Dupjia). 

i:THYX.-BXACSTXG ACXB. C«n'«0*. — This componml, the sodium salt of 
which is pr(xlncod by tlio action of sodium on etliyl acetate, was regarded by (leather, 
who discovered it, as <liacetic acid, {i.e. acetic anliydriih'), having 1 at. 

liydrogen replaced by ethyl ; and by Wanklyn at first as hydrogen t riacetyl, !!(( '-'IIH) )\ 
at'tenvards as the acetate of acetetliyl, (r-iP(E*lPO). 0("’]1 ’() (pp. Ifi, />H8- ot)(>). 
Its niethylic other, is tlio propionati*, and its etJiylic ether, ('’’Jl"t)’\ the 

butyrate of acctethyl. TIu- latter treatetl with ammonia forms the amidi s ( ’'‘JI 
or and CMl'’NO^ or former soluble in water, 

nicohol, and ether, melting at 90^ and suldirning in long iiceiileH Jit 100'^ ; tliu latter 
forming monoclinic crystals, which melt at ilissolvo in aU'cjlud and ether, but 

are insoluble in water (G outlier, Jahresb. 18G3, p. 324). 

ETKYZi-nXVAXiSRXC ACXB, C''^I1**0^ or Ca jo //late of Acctethyl, 
(Gouther a. Greiner, JUdl, Soc. Chim. [2] vi. 218; Jahresh. 

180.5, p. 319. Greiner, ibid. viii. 504; Jahresh. 1860, p. 320).~-Thl8 wnnpmnd, 
liomologous with the preceding, i.s formed by the action of Bodiurn on ethyl -valerate, 
together with another body called divaUrtfcne^divalcric acid. 'J'ho crude jinsluct is 
a .semifluid mass, which, when mixtal with water, Heparates inU) an oily Inpiid, and 
the aqueous solution of sodium divaleryleno divalcrale. On removing the oily liquid 
by agitation with ether, and mixing the aqueous solution with acetic acid, nn oil 
separates which quickly solidifies, and by solution in ether, evapinvtion, and crystal- 
hsiition of the ro.siduo from warm alcohol, yields cry stall i sable divaleryleno divaleric 
acid. 

Eihyldi valeric acid is scarcely fluid at ordinary tempe^raturcs ; it has a yellowish 
cohuir, a disjigroeable odour of valeric acid, is insoluble in water, soluble iu alcohol 
end ether. Its sod um salt is a yellow resinous mass soluble in alcohol. 

IHvalerylene-divdl^ric acid, crystallises in transparent rhomhoulal plates 

melting between 126‘5® and 128-6® and distilling at 295®. It is insoluble in waU'r, 
sparingly soluble in cold ale )hol, soluble in boiling alcohol and in ether; dcK.,*s not 
crystallise from fusion, but solidifies to nn amorphous mass. Its barium salt is 
uncrystalli sable ; the sodium salt is soluble in water and in alcohol, end is docxjiri loosed 
by carl>onic acid. The ethylic ether, obtained by the action of ethyl iodide at 180'’ on 
the sodium salt, boils between 250® and 280 

The action of sodium on ethyl valerate likewise gives rise to several other pPCKtueU. 
(See Valreic Ethers.) 

ETFuy f-Rrisr^i, C®H*. — ^Formed : a. By electrolysis of a concentrated solution of 
sodium succinate (Kckul6, Ann, Ch. Pharm. cxxxi. 70) • 

C^H<Na*0* + H*0 = C»H* + 2CO* + Na*0 + H*. 

B. Together with benzene, by heating cinnameno with hydrogen in sealed tubes 
(Bcrthelot, Jahtrid^, 1866, p. 544) : 

C*H* + H* * C*H* + C»H*. 
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Reactions. — 1. Ethylene heated in a glass tube is decomposed somewhat more easily 
than marsh gas, yielding chiefly ethane, together with small quantities of acetylene 
and tarry hydrocarbons : 2C-II^ = + C^H'^ (Bertliolot, Jahresb, 1866, p 

618). By passing it through a porcelain tube heated to not A'ory bright redness, aiui 
ctjndensiug the liquefiable products in a U-tube cooled to a low temperature, Berthelot 
has obtained benzene, cinnamene, and crystallisuble hydrocarbons distilling at and 
above 200®, pnjbably naphthalene and naphthalene hydride {ibid. 1867, p. 332).- ^ 

2. Heated in a glass tube to dull redness with an equal volume of acetylene, it yieUls 
several products, the chief of which is a very volatile liquid consisting of 
C'-*!!* = + C^H*, isomericor identical with crotonylene (Berthelot, 1866 

p. 619). 

3. It unites with hydriodic acid at ordinary temperatures, and more quickly at 100®, 

forming ethyl iodide, (Berthelot, ifnd. 1867, p. 344). 

4. Suljphuric chlorhydrate, S0®HC1, absorbs dry ethylene at ordinary temperatures, 

with great evolution of heat and formation of hydrochloric acid j and if the action 
he ultimately assisted by heating to 88®, there remains a brown oil containing 
isethionic anhydride, b>gether with another anhydride, arul 

the corresponding acids. When ethylene is passed for some time into cooled suli)huric 
chlorhydrate, a pungent non-distilluble oil is formed, which is decomposed by wntcr 
into sulphuric acid, hydrochloric acid, ethyl chloride, and an oil, C'^IPSO^Cl, having an 
odour of mustard-oil, and boiling at 154®. This oil, when exposed to the air, forms 
two layers, the upper containing sulphuric acid and chlorine, the lower consisting of 
a viscid non-distillable oil, C*II*“SO*, which is converted by water at 100° into 
isothiouic acid. The oil C^H*SO®Cl is converted by dry ammonia into a solid mass 
of sal-ammoniac, mixed with large deliquescent tabular crystals of the compound 
C'-*H^NS0^, which is decomposed by potash, yielding ammonia, othylainine, and 
ethionie acid (Baumsbirk, ZeUschr.f. Chem. 1867, p. 666). 

6. JOthylciie oxidised with chromic acid mixture (p. 150) is converted into carbon 
dioxide and water: -f 0« « 200* + 211*0 (Chapman a. Thorp). IlcuUd 

to 120® with a solution of crystallised chromic acid, in a small quantity of water, it is 
oxidised to aldehyde (Berthelot, Compt. rend, Ixviii. 334). — 6. Wlien a solution of 
potassium permanganate is poured into a vessel containing ethylene ga.s (12 to 14 
grins, of the crystallised salt to 1 litre of the gas) the solution becomes crdourless, 
and the ethylene is oxidised to formic and carbonic acids (Tniehot, Compt. remd. Ixiii. 
274) ; but on agitating the gas with a strongly alkaline solution of the permanganati', 
added by small portions in a well-cooled vessel, oxalic acid is formed, ivs w'cli as the 
two products just mentioned : CHI’ O* =3 + II-O (Berthelot, ibid. 

Lviv. 35). 


Compounds and Derivatives of Ethylene. 

Ethtlbne BROMinK, heated with water., to 150°-160®, in a sealed 

tube, is completely resolved into aldehyde (partly changing into aldehyde resin) and 
hydrt)bromic acid : 

Cm’Br^ -f H*0 » 2HBr -t- C^H’O. 

Heated for several hours with 2 or 3 vol. absolute alcohol to 150®-170®, it forms two 
layers, the upper containing water, aldehyde, and trtices of hydrobnjmic acid, while the 
lower is a mixture of ethyl bromide, aldehyde, ether, and alcohol. If a larger proportion 
of alcohol is used, part of the aldehyde is converted into acetal. Monobromethylene 
bromide heated with water or alcohol yields exactly the same products (Carius, Ann. 
Ch. Pharm. cxxxi. 172). 

Ethylene bromide treated with fuming sulphuric acid or sulphuric anhydride, or 
heated to 100® with sulphuric chlorliydriite, is converted, with evolution of hydro- 
bromic acid, intobromethylsulphuricacid, O’H^BrSO’, the barium salt of which, 
(C’*H’BrSO’)’'Ba, crystallises in anhydrous shining scales very soluble in water. The 
lead, soli (OH’BrSO’)*Pb + 3H*0 crystallises in beautiful scales easily soluble in 
water , it is very unstable, its solution being decomposed by boiling, with formation of 
lead sulphide, and probably of glycol or of ethylene oxide ; perhaps thus : 

(C*H’BrSO’)*Pb -t 4H'^0 = PbSO* -r 2HBr + H SO* + 2C*H«0* 

The calcium, magnesium, sine, and c*^pper salts also crystallise very beautifully, but 
are likewise decomposed on Iniiliug (Wroblevsky, Zieitschr, f. Chem. [2] iv. 663 ; 
V. 281). 

Monobromkthylbnb or Vinyl bboviob, C*H*Br, heated for several hours 
with mercuric acetate, glacial acetic acid, and water, is decomposed, with formatiqjli ^ 
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mercuric bromide, partial reduction of tho mercuric salt to mercurous salt or motiillic 
niercury, and formation of aldehyde and acetic *icid (Linnemann, Ann. Ch. Phnrm. 
cxliii. 347). According to Saytzeff a. Glinsky {Zeiischr. /. Chem, [2] iii. 675), tho 
pro<incts of this reaction (at 100'^) are acetic acid and a compound of aldehyde with 
iinrcurous bromide, which is depositetl as a wliite amorphous precipitate, turning 
browu in the air, with separation of aldehyde; 

2C®II“Br + 2(C’^H='0-)Glg" + 3U'*0 ^ SCTI'O* + C=1I*0 . Hg^lr*. 

■Rromethylone dissolves in well-cooled ht^pochlorovs acidy forming a proiluct very 
soluble in W’ater, and not volatile witliuut decomposition, whicli appears to be a mix- 
ture of chlorinated and brominated aldehyde. t'hlorcthi/Icnc and liYiHK'liloroiia acid 
form moiiochloraldehydc, C'-^IPCIO, a neutral, oily, easily dcoomj>osible'liquid, converted 
by atmospheric oxidation into chlorucetic acid (Saytzetf a. Glinsky ). 

JJronutht/l^ie Bromide. C-lPBr" = C'-^II=*Br .Br* (Glbckuer, Atm. Ch. Phurm. Sitpph 
vii. 107). — This compound is most readily prepared l>y passing vinyl bromide, 
C -IPBr, into bromine: 4 G pts. ethylene br)mido are added U) a solution of 16 pis. 
putassium hydrate in 80 pts. alcohol et)oled U> ; tho cooling mixture is tlien 
removed; and tho gradually evolved vinyl bromide is passeil into 30 pis. of hromino 
under water. The product, after w'ashing with aqueous potash aud distillation, 
consists of pure bromethyleno brvjiuido boiling at 188'^. 

Tliis compound heated wdlh water in sealed tubes is very slowly attaeke<l ; much 
inure readily by alcohol under the same circumstances (at 80*^), yieUling ethyl 

bromide, ethyl oxide, liydrogen bromide, lind a liquid which boils at 27^, forms a 
crystalline compound with acid ammonium sulphite, and appears to consist of muno- 
b r 0 m a 1 d c h y d e, C'-Tl^BrO : 

CGPBr^ + CUIMIO = IIBr + C^II^Br + C-'JI’BrO; 

tlio etliyl oxide results from tho action of the ctliyl broinido on tlio excess of alcohol 
u.'jcd ; 

n^JI>Br + CUIMIO - HBr + (C^IP)^O. 

Bromethyleno bromido lieated to 150*^ in a sealed ln]>o with barium hyiirate in tlio 
j^roportion of 2C*IPBr^ to Bali*0^ yields a mixturoof acetylene, G'*TP, and broniacoty- 
Jeiii', C’-JlBr. Mixed with poUissinm hydrate, (C^H^Br* : KllO), dissoiviHl in ten times 
it.s weight of alcohol in a flask filled with hydrogen, the mixture being coo]o<l at first 
by a freezing mixture, but afterwards expose<l to tho ordinary atmospheric teinjiersv- 
turc, it gives off broinacetyleno with a small quantity of acetylene ; and if tho flask 
bi) connected with tw^o receivers, the first being empty and tliu second filled witlt 
ab.soliito alcohol, tho greater part of the bromacetyleno (HhkoU'ch in this liquid, and 
t)jo first receiver becomes partly filled with a solution of bromacetyleno, C^JlBr, and 
di bromethyleno, C®H^Br^. Part of tin? liqui<l dibromethylono is, however, converted 
intf> a solid body of the same composition, first noticed by Sawitsch : this body is 
not altered by heating with water to 180^^. 

Jf in tho preceding reaction the air bo not completely excluded, moiiobromacetio 
n<'i«l is form^, together with bromido of potassium or barium ; hence it appears that tho 
first prcKluct of the action of the alkaline hydrate on bromethyleno bromide is mono- 
bromaldohyde : 

CTI^Br.Br^ + H*0 = 2IIBr + C^lPBrO, 

this aldehyde being afterwards converted into broniacotic acid by oxidation. Brom- 
acetic acid is also formed when a solution of bromacetyleno in absolute alcohol is 
expr>sed to the air ; 

C»HBr + IPO -I- O = C'-fH’BrO*. 

Kthyi.rnb CunoRiOB, C*H*CP, is decomposed hy potassium, forming potass iiini 
clilorido and a mixture of ethylene, chlorethylene, and hydrogen gases : 

8C*H*C1* + 7K* - eC*H* + 2C»H*C1 + + J4KC1. 

If excess of ethylene chloride is used, the chlorethylene remains dissolved therein 
(Maumen^, Compt. rend. Ixviii. 931). . , . • t. 

Trichlobbthtlbkb, C^HCl*, is produced by treating carbon trichloride with 
zinc aud sulphuric acid (as in Geuther^s process for preparing carbon dicblorid^ 
i. 767). It is contained in tho portion of uie product which boils between 87^ and 
90-^, and, after repeated rectification, is an oily Substence smelling' like cozhOD 
dichloride, and quickly decomposing in contact witn the air, with formation of hydro- 
chloric acid (£. Fischer, Zeitschr. Chem. Pharm. 1864 , p. 268 ). . . ^ , , , 

CHi.oBOBROMBTHYi.BifB, C»H*CIBr, IS formed, together with hydrocyanic aind, 
by distilling an alcoholic solution of chlorethylene bromide, C®xl*Cl*Br* , witti 
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. • « Tf a heavy liquid, boiling in contact with water at 66®-68°; ita 

potasBmm cyamdo “ ' t odour, like that of bon.oyl chloride. It 

uCuTerted partially on standing completely by repeat^ distillation with water, 

eas‘i^' obtain^ in large quantity by saturating a 

tot formed is again mixed with iodine and treated with ethylene. The ethylene 
iMlide, after washing with cold alcohol, is quite pure (bemenoff. Z^ilschr. Ch. Pharm. 

^^Elityitmo^mdide heated with watrr in an exhausted tube to 275° for fifteen houiB, 
is decomposed into ethane, carbon dioxide, and free iodine : 

+ 4H’0 = 6C=H‘ + 2CO» + 7P. 

The hydrogen liberated from the water by the (mrbon of the ethylene iodide, (Cni'P 
_L AH'iO — ATI* + 2CO* + P), decomposes the ethylene iodide, according to the 
equation = C-'IP + T (Berthelot, Ann. Oh. Phys. [4] iii* 211). 

^Ethylene iodide is decomposed by mercuric chloride according to the following 
equations : 

IfiHgCF + 6C*H*I’ = 6C>H*C1I + 3(2HgCl’.HgF) + 7HgCF. 

= 6(>H‘CF + 6{2HgClMIgI0 + HgK 
= 6Cm>CF + 4(Ug’CF.HgP) + 2Hg’P + 6UC1. 

Decomposition according to equation 1, takes place at ordinary temperatures, the 
equation then becoming 

3HgCP + 2C^H*P = 2Cni*ClI + 2ngCF.ngP. 

In fact, when an intimate mixture of 1 mol. C'H-P and 3 mol. HgCF is left to iUeU 
for some days, it becomes saturated with a rod oil consisting of ethylene chloriodid , 
C'H'CI 1 (ii ^574). The decomposition represented by the second equation takes place 
when tin, mixture of lellgCF and 6C-=H<P is hcatcl to 100°. htliylene chloride is 
tlion obtained, mixed with a certain quantitjr of the ‘'1®’ 

may bo diminished by rapid heating, but is always considerable (Maumenfi, Compt. 
rend Ixviii. 727 : Znii<chr. f. Chan. [2] v. 366). , 

lodeihulene €‘•^11^1, heated in alcoholic solution to 100° with silver oxalate, yields 
silver iodide’ and a liquid decomposible by water, with formation of oxalic ucid, 
probably an oxalic othe^r of vinyl alcohol. C^U’OU (SemcnofiT, ZcHschr. Chan. Pharm. 

CKLonioninr.. C^H'CII, heated to 100°-200° i" 

1 mol. moist silver oxide is converted in great part into 

both the chlorine and the iodine bei^ replied by hy>lroxyl. Tim same rosut ^ 
obtained with 2 mol. silver oxide. The chloriodide heated with water to 160 220 

is also converted into ethylene t'l^ohol, hy<Wih,r,c acid, and hydr^^ These 

latter converts part of the ethylene alcohol carton 

results that the chlorine and iodine in the chloriodide are ‘ ^^xT 

in the same manner, and that it is not j^ssible to replace one of them with hydroxjt 
without the other (Maxwell Simpson, Phil. Mag. [4] xxxv. 282), 

Ethylbnk Oxide, C^H^O, heated to 100° in a seal^ ^be with ^cid sodium 
sulphite is converted into the sodium salt of isethionic acid (Erlenmeyer, ZitUchr.f^ 
Chem. [2] iv. 342) ; 

H*COH 

^>0 + HSO^ONa = I 

H*CSO*ONa. 

. ( OH 

Ethylene Hydboxychlobids, or Glycolic Chlobhydbin, C II i 

is nroduced by direct combination of ethylene with hypochloroim acid, ClOH (C^“' 
><«« CA PAar^ exxvi. 195). The following mode of preparation is recommended ^ 
B^forew (tm cxliv. 40). Glass flasks of the capacity of 30 litres, or more a« fllW 
over t^r with eUiylene gas. To prepare the hypochlotous amd, moist nx^Gy 
pTSpltofimercnric^xidetlO pU., .<£ntaining .a^ut 4 P^' 

Ekken for every litre of ethylene) is mixed with so much ice and water that t 
mrxture shlu 1 pt- oxide^ to 16 pts. water, and into this m » 

vessel standing in ice-water and in the dark, chlorine gM is slowly \}\hmn 
B^nric S has nearly disappeared. Half the origi^ quant.^ o«de is Aen 
•ddod, and the whole is quickly poured into the flasks containing the ethylo , 
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which must then be securely closed. The mixture, after standing for 70 or 80 
hours in the dark, is diluted with water and filtered; a quantity of concent rat <vl 
aqueous sodium hyposulphite is added sufficient to decomj^se the excess of hypo- 
chlorous acid ; and the mixture is distilled as long as the distillate exhibits a sweet 
taste. By saturating this distillate with common salt, agitating with etlier, decanting 
tlic ethereal solution, and evaporating the ether, the glycolic chlorhydrin is obtained 
pure. 

Glycolic chlorhydrin unites directly with trim€{hyla7niue, forming the chloride of 
oxethyl-trimothylammonium, which is identical witli the iiyJrochlorido of choline or 
neuriiio (Wurtz, p. 448) : 

C*H*C10H + (CU>)»N = 


Glycolic chlorhydrin does not act upon monoacnJic glycol at onlinary temperatures ; 
but on heating the mixture to 130'^, ethylene oxide is given offi, jiiul t>n increasing the 
heat b) 2o0°, a yellow oily liquid passes over, separable by fnictioual distillation into 
inoiioethylonic alcohol (glycol) passing over at and a small quantity of 

dietliylcnic alcohol at 233°-245°. The reaction is : 


cm* 

Na 

H 




Monoeodio 

glycol 


NaCl + 

Glycolic 

chlorbydriu 


Biethyleuio 

alcohol 


the greater part of the diethylenic alcohol however splitting up into glycol and oth^leno 
oxide (E. Scheiz, Zeitschr. f. Chem. [2] iv. 379). Kthyleno monoaoetato hcatetl with 
Tuonosotlic glycol to 130°-140° for twelve hours, yields chiefly diethylenic alcohol 
(R. Mohs, ibid. ii. 496 ; Jahresb. 1866, p. 606): 

cm*) {cm*Y) 

« C^IPO}.0« = C»n>Na02 + ^ 

iij ^ > 

EtHVLENE II YDROXYIODIBE, Or GlYCOLIC IoDH YU 111 N, C*IT* | WIIH 

first obtained, though not in the pure state, by Maxwell Simpson (ii. 678) by passing 
liydriixlic acid gas into glycol contained in a cooled vessel. Accorthng to Butlerow a. 
Ossokin (Ami. Ck. Pharm. cxlv. 267), it is more easily prepared by heating tho 
chlorhydrin, CTPClOll, with a large excess of finely pulverised p«)tns.Hium iodide to 
100° for 24 h«)urs. On treating tho naulting mass with the exact quantity of water 
ro(^uirod to dissolve tlie chlori<lo and iixlide of pota“sium, a heavy oil separates, 
coloured black Ijy iwlino, from which it may bo frce<l by washing with an alkaline 
C-arhonate or sulphite, and if then dried over <lehydrate<l Glauber salt, and distil lent 
in a vacuum, gives off first wafer, then pure glycolic iodhydrin. Ibis com|xmnd is 
a heavy liquid, not volatile without decomposition, moderately soluble in water, and 
sepjirahle for tho most part from the solution by potassium carbonate ; it has a peculiar 
'xlour, like that of methylene iwiide, and a burning sweet taste. With zinc imthyl (or 
zinc-ethyl) it reacts in the manner shown by the equations : 

. Z.CCH'C - 

The reaction represented by the first equation is very violent, and is best performed 
under a layer of benzol. The solid white product treated with water gives off gas add 
reproduces the iodhydrin : 

(ZbCH*)1° + + CH* + 

The product of the second reaction, formed under preuliar circumstances, yields when 
decompewed by water, an alcoholic liquid, which, when zine-mothyl has been uscsi, 
consists of isopropyl alcohol, C*H*0, and in the case of zinc-ethyl, o^ocondary 
hutyl alcohol or methyl-ethyl carbinol, C*H'*0 (Butlerow a. Ossokin). 

Etktlbn* Nitbitk. C»H«(N0*)*.— Produced by passing ^ ethylene gas 
through liquid nitrogen tetroxide, or by heating the gaseous mixture of the two 
to 60® or 70®, mu oily liquid being formed at the same time ; more atmn^ntiy ana 
»n the pare state passing ethylene into anliydrous ether, to which liquid ntUogea 
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tetroxide is at the siime time added by drops, then cooling the liquid, pressing the 
crystals which separate between bibulous paper, and drying them over sulphuric acid. 
The compound is insoluble in water, easily soluble in alcohol or ether, and crj^stalliBos 
in white four-sided prisms or bibles which melt at 37‘6®, and sublime with partial 
decomposition at a higher tempeniture. In a stream of ethylene gas, the compound 
sublimes at a gentle heat. The fused compound, when cooled to 0'’, remains liquid till 
it is touched with a solid body. 

The heavy oily liquid formed, as above mentioned, together with ethylene nitrite, is 
also very volatile, has a pungent odour, and possesses poisonous properties (Semenoff, 
ZeiL^chr. Ch. rharm. 1864, p. 129). 

EthyleneNitroso-nitratb. =» j — When ethylene gas 

is continually passed through a cooled mixture of nitric and sulphuric acids, an oil 
collects on the surface, which after washing with water and alkaline carbonate, distilla- 
tion with svqueons vapour, and dehydration with cfilcium chloride, exhibits the compo- 
sition above given. It is a colourless liquid, of sp. gr. 1*472, having an odour spirituouH 
at first, afterwards pungent ; its vapour attacks the eyes strongly and produces transient 
headache. In the dry state it does not volatilise without decomposition, but gives olT 
red fumes oven below its boiling point. When distilled with aqueous vapour, it 
decomposes in great part, with evolution of nitrogen dioxide and trioxide, and ft»rma 
tion of oxalic, glycol! ic, and glyoxylic acids. It is decomposed in like manner l);y 
boiling with bases, excepting that the oxidation is less energetic and the proportimi 
of glycollic acid formed is larger. Treated with caustic soda and Bodium-amalgam, or 
with hydriodic acid, it is convertc‘d into ethylene alcohol, the whole of the nitrogen 
being evolved, in the first case as ammonia, in the second chiefly as nitrogen dioxide. 
The compound C'^II'N-O^ is likewise formed by passing ethylene into fuming nitric 
acid ; but a certain portion of the ethylene then undergoes oxidation (Kekul6, Zeitsihr. 
f. Chevi. [2] V. 601). 

Dikthylknk BistTLruiTiE. (C^Il^)^S^ (Iluscmann, A7i7t. Ch. Tharm. exxvi. 
269; Jahresb. 1862, p. 430). — Produced: 1. By heating ethylene trisulphocarboiiato 
(v. 602) with ethylene bromide for a long time (finally to 160°) in a retort fitted with 
a long upright condenser : 

C^lI'.CSa + C2II‘Br* (Cni')2S2 + CSBr'-’. 

It collects in the receiver and may bo purified rccrystallisation from cthcr-alcohol. - 
2. By heating iiuTcuric sulpln;thylonate (prepared V>y prccipit-ating an alcoholic solution 
of etliyleno-morcjiptan with mcTCuric chloride) with ethylene bromide to 160° for 
about six hours, the diethyleno bisulphide then subliming : 

CTiqigS* + C^n^Br- = HgBr* + (C^H^^S*. 

3. The white amorphous ethylene sulphide C^H^S (ii. 682), obtained by the action 
of potassium momisulphide on ethylene chloride (much more easily with the bromitlc) 
when heated to 160°-170° for several days with carbon bisulphide, is almost wholly 
converted into diethyleno bisulphide. The same compound heated by itself also yields 
diethylene bisulphide, together with a black residue and a yellow liquid having a 
disngreeable odour. 

Diethylene bisulphide is slightly soluble in water, , easily soluble in hot alcohol, 
etlier, chloroform, benzol, and carbon bisulphide, and crystallises from alcohol in 
white needles and laminae grouped like fir-branches ; from ether in thick hard 
monoclinic prisms, mostly combinations of o&P.oP.(Pco ) ; it sublimes undecomposed 
at 56°, melts at 111°, boils at 200°, and has a strong, not altogether unpleasant 
odour. 

Its observed vapour-density 4*28 agrees very nearly with the number 4*156 calculated 
ftrom the formula (C’*H*)2S*, showing that this compound is polymeric with the non- 
volatile ethylene sulphide and is related to it in the same manner as diethy lone 

dioxide (C^H^)*0* to ethylene oxide C“H^O. 

Diethylene bisulphide is not attacked by hydrochloric acid, ammonia, or alcoholic 
potasli, and crystallises unaltered from its colourless solution in strong sulphuric acid. 
Fuming nitric acitl dissolves it, forming a blood-rod solution which solidifies to a 
crystalline mass of diethvlene oxyshlphide. It unites directly with chlorine, bromine, 
and iodine, but not with cyanogen. In alcoholic solution it forms with mercuric, 
auric, and platinic chlorides, crystalline compounds containing 1 mol. of the bisulphide 
to I mol. HgCl* and PtCP, an^ 2 mol. AuCl* ; these compounds are nearly insoluble 
in water, but dissolve in hot alcohol, and separate theref^m in microscopic crystals. 
With silver nitrate in like manner it forms the compound 3(C*H[^)*S*. 4AgNO* 
(polymeric with the ethylidene-compound obtained by Weidenbusch, p. 607), which 
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erystallieas in monoclinic priems or tables, blackens on exposure to light, and decom- 
poses at 140®. 

DUthylene StUphobromid^, (C*H*)®S^Br* = (S*)***m is formed on adding dry 

( Br* 

bromine to a solution of the bisiilphido in anhydrous carbon bisulphide or ether, as a 
lemon-yollow amorphous precipitate, which docomptises in moist air, more tjuickly in 
contact with water or alcohol, into hydrobnunic aicid (or ethyl bromide) aind 
dicthylene oxysulphide. It gives off bnnnino at 70®, and melts at‘96® with copious 
evolution of hydrobromic acid. This compound may bo ropresonted by tlio Btruetural 
formula 

Br Br 

I 1 

cm*- 


Br Br 

Diethyhm SuIpJiochloride^ (C*H^)^S‘01‘, analogous in structure to the preceding, is 
dejK>8ited on passing dry chlorine into a solution of the bisulplnde in carbon 
bi.suIpliido, as a wliite amorphous very unstable substance; it is jxdyineric with 
Guthrie’s ethylene dichlorosulphide (ii. 681), 

Diethylene Sutphiodide, (C'^il*)'^S*l*, separates on a<ldlng iodine to a saturated 
solution of diethylene bisulpliide in ether, alcohol, or carbon bisulphide, in monoclinic 
netHlIes, iron-black by reflected, red by transmitted light, which are not decomposetl 
by water or by boiling alcohol, but give off imliiio at 100® and molt at 182® -138®. 

]>iithylene Oxysidphide^ (C n*)*S’‘'0’*, is productxl, oitlier by decom prising the siilpho- 
chloride or 8ulphobrc»mido with water, or by oxidising rliethylene bisulphide with 
strong nitric acid. It is slightly soluble in alcohol and (Jtlicr, easily soluble in watr r, 
an<l crystallises in long white prisms or in rhombohedrons, neutral, inorlorous, and 
infusible. Chlorine pa 880 <l into its solution forms a crj'stallino precipiUito of diclilt»r- 
ethylone oxysulphide, (0^H‘Cl)*S*O*. 


BTB'TXiXSSiri!. This diatomic radicle, isomeric with ethylene, has not yet 
been isolated. Tollens (An7i. Ch. Phurm. cxxxvii. 311), by heating ethylideno ehlorida 
with sodium t-o 180®-200° in sealed tubes, obtained a mixture of ucetyleno, etliylone, 
chlnpcthyleno, ethane, and probably hydrogen. 

The difference of structure between the radicles ethylene and ethylideno is 
reprosentotl by the formulae : 

- CH* C1I» 

zirClI 

Ethylene. Ethylirlono. 

In the ethyleno-comp^mnds the chlorine, oxygen, &c., are placed symmetrically with 
regard to the two carbon-atoms, whereas in the ethylidene-compounds their pf>sition 
is unsymmetrical ; thus : 


CICH* CH* 

ci(!:h« cren 

Ethylene Ethyl idene 

chloride. chloride. 



Ethylene 

oxide. 


CI1> 

oLi 

Aldehyde. 


Kthyl idene chloride, produced by the action of phosphorus pontachlorido on 
ahlehydc, is identical with monochlorethyl chloride, C*H^CI.CI, and ethylideno 
bromide with monobromethyl bromide (p. 694). Ethylidene chloride heated With 
aldehyde in sealed tubes yields <rfotonic aldehyde, C*H*0, together with other products 
(P- 613). 

Ethylene in the free state most probably has its carbon-atoms united by two units 
CH» 

of aflB.nity ; thus | j ; and under the influence of chlorine, bromine, &c., the bands 
CH* 

are loosened as in benzene (p. 196). In ethylidene, on the other hand, this d^nible 
union of the carbon-atoms is clearly impossible; and consequently ethylidene cannot 
axi^t in the free state. 

Ethylidene Sulphide, C*H^S - CH*.CHS. Sulphaceiyl Hydride (Weidenbusch, 
dnn, CK PAarm. txvi. 346. Cmffs, Com^. rend. liv. i279).-lPi^uced by the acthm 
of hydrogen sulphide upon aldehyde. When a current of the gas is pas^ into a 
mixture of aldehyde and water, the liquid ultimately deposits a thick limpid oil, 
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■which is a compound of et.hylidene sulphide and hydrogen sulphide. This compound 
dried in a vacuum has the composition 6C*II*S.H*S (i. 107). It has a sp. gr. of 
1134; is slightly soluble in water, very soluble in alcohol and ether ; boils at 180'^, 
decomposing at the same time, and leaving an unctuous mass of ethylidene sulphide! 
At ordinary temperatures it volatilises rapidly, giving off a very strong and ^rs^steat 
alliaceous odour. Treated with hydrochloric or sulphuric acid, it gives off hydrogen 
sulphide, and solidifies to a crystalline mass of ethylidene sulphide. The latter is 
also formed on merely exposing the sulphydric compound to the air. 

Ethylidene sulphide is lighter than water, slightly soluble therein, more soluble in 
alcoliol, ether, and carbon bisulphide, and crystallises from the latter in long needle- 
shaped rhombic prisms of 95^. It distils at 20«>°, but the boiling point of the fust-d 
mass ri.st'.s with partial decomposition to 260^. As the fused mass cools, the temperature 
remains sbitionary for some time at 96°, whilst crystalline laminae form ; then the wlujle 
mass becomes soft, and solidifies completely at 70° (Crafts, Jahresb. p. 431). 

With silver nitrate it forms the compound 3C‘‘^H^S.2AgNO“ (Weuleubusch). 

i:xKYX>xx»i:irE-.BfrXiPEiTrRzc or sirz.psBTBTXi»iixrzc acxps 
(Staedel, Zeitschr. f, Chem. [2] iv. 272). — When ethylidene chloride is continuously 
boiled with solution of neutral potassium sulphite in a flask with upright ct>ndenstr, 
two acids are formed which may bo soparated by the different solubilities of tljeir 
barium salts. The least soluble of these salts is the ethylidene-monosu^phatc or 
monosidphethylidenate, C^H'^SO'Ba + H-O, which forms hard shining transparent 
crystals, quite different in appearance from the isethionato, with which they are 
isomeric. The zinc salt of the .same acid crystallises in white shining laminje ; the 
silver salt in nee<lles, the copper salt in thiu light green laminae. The free acid has 
not been obtained pure. 

The more soluble of the two barium salts above mentioned is the eihpiidtve- 
distdphafe or dUidphcthylidcymic^ ClI^SC'^Ba, which crystallises with difficulty. All 
the salts of these two acids, excepting the copper salts, are insoluble in alcohol. 

Monosulphothylidenic and Disulphethylidonic acids are related to isethionic and 
disulphotholic acids respectively, in the same manner as ordinary lactic to paralaclic 
acid, or as isosuccinic to ordinary succinic acid, as may be scon from' the following 
formulae : 

Ethylidenc-compounds, Ethylene-compounds, 


CHVenjO^OH 

(CIPOH 

jciTH^oon 

Lactic. 

Paralactic. 

CII* 

Ell 

jcTPCOoir 

}CJl=COOlI 

Isosuccinic. 

Succinic. 


CH'^OH 

in^so^H 

Monosulphethyliilenic. 

Isethionic. 

CH«.CH||g:g 

emsom 

GH»so»n 

Disulphetliylidcnlc. 

DisulphethoUc. 


iBTTZBim. — -One of the higher bases of the series 

produced by distilling cixMlibhine with potassium hydrate (C. Gr. Williams, Laboratory^ 
p. 109). 

aBVOBirXA.. The red juice of the fruit of the Australian myrtle {Eugenia 
australis) is similar in its properties to that of red grapes. It contains free tartaric 
acid, cream of tartar, sugar, and a red colouring matter very sensitive to the action 
of acids and alkalis. By fermentation it yields wine possessing a bouquet. The 
colouring matter, which is soluble in alcohol and in ether-alcohol, but not in pure 
ether, is precipitatetl by lead acetate, decolorised by reducing agents, and recovers its 
rod colour on exposure to the air, just like litmus and the red colouring matter of 
wine (De Luca a. Ubaldini, J. Pharm. [4] iii. 44). 

BVOBirxO AXXm or SVGZlirOZi. C**H'* 0 *.— This acid exists in oil of hay 
{Laurtts nobilis)t together with a hydrocarbon, C**H**, boiling at 171®. The eugenic 
add fr^im this source boils at 252°, has a sp. gr. of 1*066 at 20°, and a refractive index 
of 1*5402 for the lino D, and 1*5539 for F at 18® (Gladstone, Chem, 8oe. J. [2] ii. 6)* 
Eugenic acid possessing the same properties (sp. gr. 1*08 at 8®, boiling point 251®) *• 
obtained by the action of potash on oil of pimento (iv. 647). 
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Eugenic iwid distilled with hydriodic acid ia rt'solvwl into methyl io^iide and a 
xesidiml resinous mass having nesirly ilio comjx>aitit>ii (I^rlenmoyor. Zt-itm'hr, 

/ Chetn, [2] ii. 43^0), By fusion with hi/drate it yields piMtoi'-iUehnic and 

acetic acids, tho latter being probably duo to the deeoni|x>&iti(m of pi't)]>ioiiic acid 
formed in tho first instance (iihisiwet-i: a. Grabowski, Ann. C/i, J*/ntrm. cxx.xix. 95): 

C10H12O- + 0^ = Cni'=0* + C-1THV-’ + CO^ -f. WO. 

Eugenic Prutoi-ate. Att-lie 

acid. chnlc iioid. nt id. 


rhosphorio anhydride converts eugmiic acid into a resin int.>rn.t>^liate in coinijoaitinn 
between and iinuleirnus, having a bitter aial aronmtic taste 

exhibiting violet-bluo dichi'oism in alcohulie .s..luti<.n; ]»y distillation this resin yields 
a liquid analogous to erwsute, which cnlmirs ferric salts given (HlasiweU a. Barth, 
ibid. 83). 

AVhen eugenic acid i.s gently lieated with jdmsjdwrus frUddoridr, a large quantity of 
liydrochloric acid ia evolved, together with a small quantity of gas burning with a 
greeu-edged hamo ; and on distilling olf the t xcess of p}los])lu.js,us eldoridc, the 
residual liquid solidifies at 130^ to a ponms straw yellow mass, from wliieh ether 
exLi-acls eugenic anhydride, (C’lP'OfO. in tiu- lorm of a viseid dark-colourixl 
oil, reconvertible by aqueous potash into eugenie acid. 'rUo ])ortion of the product 
insoluble in ether lias the composition of e uge n y 1 - plms pliu r») us ac ivl, C*"il'“PO* «• 

C‘®1J["0 - Oh Ileiico tho reaction of phosphorous chloride on eug( iiic acid may bo 

represented by tho oquatioii 


5[^‘"II‘ jMo] -f PCI* = 3HC1 I- 2(C»41‘'0)^0 


P"' 
IP 


Knfjenyl-p}iosphorom acid is an amorphous yellow powder, nearly insolublo in 
nleoliol, and dissolving with difficulty in hot water. Tho mjueons Hoinfion is acid and 
exhibits the reducing propcrtio.s of pho,sj.hor<.UK acid. Alkalis dissolve it, forming a 
light brown liquid which quickly becomes <larker, and wlieii distilled with siilplnirio 
acid yields eugenic acid. When hoaUMl, it sivolhs up, gives off coniljiistildo phoH- 
Itliorctled gases, and leaves a bulky cinder, from wliicli water extracts pliosphoric acid 
(Oeser, Ami, Ch. Pharm. cxxxi. 277). 


SXrOBTZC B.CZJD. C-4l''*0'. — l''orni(Ml, us a salt, by passing carbon 

dioxide into eugenic acid holding sodium in solution. (Sue Appendix to vol. ii. 
p. 908.) 

ZHTGZiSZfil, SAXZGITZXrSA. This plant, which oft«-n forius brick-red layers on 
the .surface of ponds, contains a colouring matter insoluble in water, but soluble with 
garnet-red colour in edier, Tho solution ovaj)orat<sl on a glas.s plate leaves an 
iridescent ring of ocbjhcdral crystals, rod by transmitted light., 'fhe eoloiiring matter 
is precipiUitod by alcohol from its ethereal solution, but dissolves in hot nlcohtd and 
separates in garnet- re<l octohedrons, w hich imdt between 70*^ an<l 120", are decoh»riMod 
by chlorine-water without change of form, and are turntHl blue by suljfhuric acid, but 
recover their original colour wheui wa.sln.sl with water. These crystals dissolve very 
easily in turpentine-oil, and form wiih iHjtasli-h^y a blocxPl^ liquid, from which acids 
st-piirate red drops Txjssessing the prorx-rtiea of tho ctyiftals' (Wittich, Cliem. Cenir. 
18G4, p. 676). 

BtTOBBXZtTB. A fossil resin futind in the lignite of Thumsenreuth in tho 
Bavarian Olmrpfalz. It occurs sometimes in brownish-yellow pulverulent maVses, 
»<jmetimes in compact lumps hiiving the aspect of pilch. Sp. gr. r2~l*5. Ua® an 
ftgrceiiblo odour of rosemary and cjunphor ; melts at, 77° ; burns with a bright dame 
emitting an aromatic odour ; dissolves completely in alcohol and ether. According to 
an analysis by Wittstein, it aptnaiB to consist of (C. W. G umbel, Jakretb, 

1864, p. 867). 

BUFKO&SOBTB, C**n'‘'*0. — A substance obtainwl frfjm eupljorbium (ii. 607), 
hy precipitating the aqueous extract with tannin, tritumting the wnshod fl^jcculent 
precipitate with white lead, then boiling it with alcohol, distilling off the alcohol, and 
dissolving the brownish-yellow deposit in a small quantity of ls>iltng alofihol of 
70-76 p. c. On cooling it crystallises in ncxlules, which may be obtained ordourletui by 
recrystallisation. It dissolves very easily in ether, l>eiixoJ, amyl alcohol, chloroform, 
and acetic acid ; is nearly insoluble in water ; dissolves in 69 pU. of alcohol (of 87 
▼ol. p. c,) at 17'6°, very abundantly in boiling alcohol ; melt# between 106° and 116®# 

Sup, K K 
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It is neutral, and is not dissolved by acids or bases more abundantly than by water. 
Nitric acid oxidises it to oxalic acid and a non-crystallisable acid. Strong sulphuric 
acid dissolves it somewhat sparingly, forming a yellowish-brown solution which is 
coloured violet by nitric acid and by chlorate or chromate of potassium. It acts as a 
drastic purgative (Fliickiger, Zeitschr.f, Chm, [2] iv. 221). 

BtrSYirCHZTfi. See Vanadates. 

BUTBZOCHROlffZC ACZB. See Derivatives of Tetrachloroquinone, under 
Qujnonb. 

BXrXAZrTBOVB. This substance, produced by the decomposition of euxanihic 
acid, has hitherto been regarded as or its formation being repro- 

seiited by the equation 

+ CO^ + 31PO. 

But according to Baoyor (Zeitschr.f. Chm, v. 569), its analysis is more nearly repre- 
sented by the formula which, moreover, agrees better than the older formula 

with the substitution -products obtained by Erdmann (ii. 610). When the vapour of 
euxanthono is passed over heated zinc-dust, a small quantity of a semi-solid hydro- 
carbon is formed resembling diphenyl. Euxanthoiie fused with potassium hydrate is 
first converted, by assumption of water, into euxanthonic acid, and then at a higher 
temperature into hydroquinone. 

Euxanthonic acid, possesses but feeble acid properties; forms a 

reddish-yellow precipitate with basic lead acetate ; oxidises quickly when dissolved in 
potash, and is altogether more easily oxidisablo than euxanthone. Ferric chloride 
colours it red, whereas euxanthone is coloured green by the same reagent. When 
heated, it is resolved into water and euxanthone, which sublimes. The same decom- 
position takes place also on boiling an aqueous solution of the acid containing ammonia, 
the euxanthono separating in bulky yellow needles. Euxanthonic acid is much more 
soluble in water than euxanthone, and crystilli.ses from a hot solution on cooling, in 
nodules, by evaporation in long yellow needles (Baoyer). 

BUXBirZTB. A specimen of this mineral from Arondal in Norway (sp. gr. 4*96) 
was found by Chydenius [Bull. Soc. Chim. [2] vi. 433) to contain 54*28 Nb^O* ami 
TiO^ 34*08 YO and EbO, 6*28 ThO, and 2*60 volatile matter (= 9774). 

BVAN8ZTB. A hydrated aluminium phosphate, 3 AV^O^PO' + 18aq., occurring 
in Hungj^ry as an incrustation in the cavities of brown hmmatito. It is amorplious. 
kidney-shaped to botryoi’dal, colourless or milk-white, sometimes with a tinge of 
yellow or blue, transparent to translucent. Fracture somi-conchoidal, shining. 
Hardness, 3*5 to 4. Sp. gr. (mean), 1*939. Perfectly soluble in acids (D. Forbe.s, 
Vhil, Mag, [4] xxviii. 341). 

SVBBNIZSr. (Stude, Ann. Ch. Pharm. cxxxi. 241).— A substaiico 

related to the sugars, extracted from Evemia primastH. The plant is macerated with 
cold dilute soda-loy till the liquid acquires a dark green colour ; the filtrate is mixed 
with alcohol ; and the brown flocks thereby precipitated are redissolved in water and 
purified by repeated precipitation and boiling with animal charcoal. 

Evoruiin is an amorphous, yellowish, tasteless powder, which swells up in cold water 
and dissolves easily in hot water. Its aqueous solution gives with lead acetate and 
ammonia a precipitjite soluble in acetic acid. It is precipitated by a large excess of 
glacial acetic acid. It prevents the precipitation of load by sulphydric or sulphuric 
acid, a property likewise possessed by glycogen, inulin, licheniii, and gum. Everniin 
is not coloured by icKline. Dilute acids easily convert it into glucose.^ 

A substance closely related to, or perhaps identical with everniin, is obtained from 
Borrora ciEaris. 
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TA.TB, See Glycerides and Oils. 

VAITBWMTTM* A native magnesio-manganous sulphate, SO^Mg*. 2SO*Mn + 
16H-0, occurring in orthorhombic prisms of 88*^ 42', mcKiifiwl by tho facos of P, oof oc , 
ooP2 (= 54® 39') and qoP^ (« 107*^50'). llanlncsa 2*5 to 2-75 ; sp. gr. xa 1-88, 
Reddish and yellowish white, or transparent and colourless (IJreithaunt, Jahresb. 
1865, p. 900). 

A variety of wolfram from the Siernv Almagrerji in southern 
Spain, having, according to Liobo {Jakresh. 1863, p. 825) and Ibunmelslx^g {ihuL p. 
834), tho composition 4M0.3W0\ Tho specimen examined by Rammelsberg had a 
sp. gr. of 7T69 and contained 69 88 p. c. WO>, ()-16 SnlP, 25-3 i PcO, 3 00 MiiO, and 
1 62 CaO. 

JP SRUmif T jB^XZOW • Tho main results of Pasteur’s researches on iilcoholic 
fermentation are given in vol. ii. pp. 628-630. According to these resea relies, it 
appears that the development of the j'oast-plant is an essential psrt of the process ; 
tliat the yeast-cells grow both in pure sugar- water and in sugar- wat(«r containing 
albuminous substances ; but that in tho former case, tho wliolc of tho nitrogcTi which, 
in tho original yeast, was partly present in tho soluble form, is found, at the end of 
the fermentation, to have passed into tho insoluble form in tho iiowly formed yeast- 
cells ; whereas in the latter case most of the now yoast-etdis aro ftnirid, at the end of 
the fermentation to bo filled witli soluble nitrogenous and mineral subsUinees, which, 
when introduced into a fresh quantity of sugar-wjitcr, are capable of giving rise to 
the formation and development of new yeast-eells. Yeast addcMi to puro sugar-water 
lives, in fact, at tho expense of the sugar and of the nitrogerums and mineral sub- 
stances contained within itself ; and in the process of alcoholic fermentation, part of 
the sugar is assimilated by tho yeast in the form of cellulose and fat. 

In a subsequent paper {Bull, Soc. Chim. 1861, pp. 61, 79), redatingto the influence 
of oxygen on the development of yeast in alcoholic fermonbation, Pasteur observes that 
ready-fornicd yeast can germinate and grow in a liquid conUiining sugar and albuAii- 
nouH matters, even when oxygen is completely oxcludeil. 'i'he quantity of yeast 
formed in this case is, however, but small, and tho fermenbition goes on slowly : nover- 
theles.s, a large quantity of sugardisappears (60-86 pts. to 1 pt, of yeast). If Ibe air has 
access to a large surface, the femiontation goes on quickly, and a much hirger quantity 
of yeast is formed in proportion to the quantity of sugJir which disappears. In tl»i« 
case also oxygen is absorbed by tho yeast, which grows quickly, hut does not act so 
decidedly as a ferment, inasmuch as only 4 to 10 pts. of sugar disappear for 1 pt. of 
yeast produced. When the nir is excluded, the same yeast again acts as n jKiworful 
ferment. Pasteur therefore infers that yeast which acts as a ferment in the absence 
of air, abstracts oxygen from tho sugar, and that upon this do^jxidising power iU 
action as a ferment depends. The violent activity of the yeast at the commencement of 
tho fermentation is due to oxygen dissolvetl in the liquid. In liquids contAining 
albumin (yeast, water, &c,), yejist likewise grows, though sparingly, even if tho solution 
docs not contain a trace of sugar, provided there is sufficient access of air. But if the 
air is excluded, this does not take place, even though the liquid may contain, bosidos 
albumin, a nonfermentable sugar, such as milk-sugar. The yeast formed in a liquid 
not containing sugar possesses all tho properties of a ferment, and excites fermentation 
in a solution of sugar excluded from the air. 

According to B^hamp, the mould develope<l in sugar*water (both microph^s and 
microzoa) contains a peculiar soluble ferment, which at low temperatures gives nse to tho 
inversion of cane-sugar, but loses its activity at 60®-80®. This ferment, called gpmam 
by B^hamp, does not act on starch or glucosides. Similar ferments are found m tha 
petals of certain flowers, and in mulberry juice. In the action of beer-yeast on cane- 
sugar, the latter is first converted by the zymase into inverted sugar, whidi Is 
consumed by the yeast and contributes to its g^wth, and is afterwards cHminatsd^ ia 
the form of tho compounds which constitute the products of alcoholic fermentatioti 
{Compi, rend. IviiL 601, 723; lix. 496; Jahresb, 1864, pp. 574-578), 

On the nature and development of yeast, see further Joly a. Musset (Compt, rmdn 
Ui. 368; Jahrtsb. 1861, p. 725), Pasteur {Bull, 8oe, Chim, 1862, p. 66; Jahresb, 1862^ 
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p. 473 ), Millon {Compt. rend. Ivii. 235; lix. 144; Jahresh. 1863, p. 683; 1864, 
p. 579 ), Duclaux {Compt. rend. Iviii. 1114 ; Jahresb. 1864, p, 678). 

Liebig, who has always been opposed to the theory which attributes fermentation 
to the action of living organisms, has renewed his objections to it in a recently published 
memoir {Ann. Ch. Fhar'm. cliii. 1). Ho points out that the amount of growth of the 
yoast-plant in a solution of pure sugar is utterly inadequate to account for the quantity 
oi' sugar transformed at the same time into alcohol and curbon dioxide, if the growth 
of the yeast be regarded as an essential condition of that transformation. In proof 
of this ho quotes one of Pasteur’s experiments, in wdiich 9899 milligrams of sugar 
were fully decomposed by a very small qmintity of yeast, and at the end of the 
fermentation the quantity of tlio yeast-plant produced was found to be only 152 
milligrams, the cellulose in it amounting to less than 30 milligrams. Liebig asks 
then : Are wo to regard tlie assimilation of 30 milligrams of cellulose as the cause of 
the conversion of 9899 milligrams of sugar into carbon dioxide and alcohol ? More- 
over, yeast is capable of inducing the resolution of calcium malate into carbon dioxide 
and calcium carbonate, acetate, and succinate, and of bringing about a variety of 
transformations upon various organic substances. All these phenomena are, in 
Liebig’s opinion, most readily explained by regarding forTnentation as a purely 
chemical <jr physico-chemical process. The breaking up of sugar into carbon dioxide 
and a]e(;hol he places side by side with the decomposition of anhydrous acetic acid 
into acetone and carbon dioxide (a change brought about by heat), and with the 
change of an aqueous solutiijii of cyanogen gas into oxamidcq wdiich is brought about 
by the action of tlie merest trace of aldehyde. Just as the xibration produced by tlio 
aldehyde determines the rearrangement of the atoms of cyanogen and water so as to 
constitute oxamide, so Liebig regards the rean-angement of the atoms of sugar as the 
residt of a vibration prudueed by the chemical changes which take place in some 
unstable substance pco(iu<*ed by llio yeast-plant. The growth of the yeast-plant is, 
according to lids idea, only rmnotely connoetod with llio process of fermentation. ‘It 
is possibli!,’ lie says, ‘ that the jihvsiological process stands in no other relation to the 
process of A'rmciitat ion than that, by moans of it, a substance is fonned in the living 
cell, whicli, by an action peculiar to it — resembling that of emnlsin on salicin or 
amygdaliii determines the decomfKisition of sugar and other organic molecules. In 
such a case the physiological action would bo ncces.sary for the production of this 
substance, but w'ould bo otherwise unconnected with the fermentation properly so called.’ 

Ill harmony u lth tin's view, laebig finds that the ‘ washings ’ of yeast (which contain 
no yeast-plant) have the properly of inst-antly coiivorring cane-sugar into grape-sugar ; 
and bo anticipates that oilier very alterable complex sulistaiice.s, besides products of 
the yea.st-i>hiTit, will be fouud to po.sscss the projicrty of setting uji that vibration which 
rearranges grapc-.sugar into alcoliol and carbon dioxide, and is known as the process 
of alcoholic fermentation. 

Pasteur has exUnuletl his researche.s on t he action of ferments to the phenomena of 
putrefaction and decay {Compt. rend. Ivi. 734, 1189 ; Jakreab. 1863, p. 679). Putre- 
faction he defnies as a kind of fermentation w'hich is induced and maintained by 
animal ferments of the genus Vibrio (the six spi^cies of which perhaps also act as 
peculiar ferments), and in contact with the air is always accompanied by decay or 
cremacansis. In a putrefying liquid containing air left to itself in closed vessels, 
infusoria {Monas crepuscuhim and Bacterium ter mo') are first developed, which absorb 
the oxygen of the air and replace it by carbon aioxide, after which they die, and 
collect as a precipitate at the bottom of the vessel. After this begins the development 
of vibrios, if the liquid contains their germs, and at the same time putrefaction is set 
up. If no such germs are present, or if the ox 3 gcn has not been completely absorber!, 
no putrefaction bikes place (in the latter case because the vibrios can live only in an 
atmosphere free from oxygen). Under all circumstances, however, if the air is 
excludtxl, the products of the putrefaction undergo no further alteration. If the 
pntrefiablo liquid is freely exposed to the air, the oxygen -consuming infusoria are 
developed as in the former case, but in a continuous manner ; their successive genera- 
tions cover the surface of the liquid with a film which is continually renewed and 
completely prevents the access of ox^’gen to the interior of the liquid. The process 
then goes on as before, but the p>rotlucts of the putrefaction are completely resolved, 
under tlie influence of the superficial la^’er of infusoria, into water, carbon dioxide, 
and ammonia. The last phase is therofuro a process of decay (in very thin layeors of 
liquid it may take place alone), to which the products of putrefaction, os well as the 
dead infusoria and vibrios, are subject under the influence of the several species of 
Bacteria and Mucor. An example of the different results obtained accordingly as the 
air is admitted or excluded, is afforded by the putrefaction of calcium lactate, which, 
when the air is excludcxl, terminates with the formation of calcium butyrate and other 
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proilucts, whereas if the air has access to the liquid, the butyrate likewise ultimately 
disapp^r®* The putrefaction of solid substiiiiccs (animal carc 4 \se 8 ) bopfins in those 
parts (such as the surface of the luxly and the intestinal canal) wht'ro vibrios or thfir 
germs are p^sent, the activity of the former having hitlierto l)een ehecked by the 
normal nutrition of the organs. If no vibrios are prese nt. «n- if their develtijnnent is 
checked (as in a piece of mwit wrapped in a cloth soakt‘d m spirit, and ]>laced in a 
close vessel), true putrofixct ion or decomposition l>y vibrios «loes not take place ; but 
as the solid and liquid const ituents of the meat tievertlu lesH roact upon each other in 
a certain way, a cliange bikes place, wliich with small ipiatilitieH is indicated by the 
])eculiar (xlourof game ; in larger (piautitles the phenonu iiii <*1* gangrene are doveloiHai. 
This latter change is regarded by l^asteur as essentially ilistitu't tVoiu ]>ut refaction, 
and as analogous to the ripening of fruits after separariou from tl)e plant on which 
they grow. 

With reganl to decay or eromac.au s i .*», Pasteur adduces a number (d* ex^a-ri- 
ments which he regsirds as affording ilocisive jmad that oi'gaiiic substama's are not 
oxiilised by perfectly pure air. Aqueous infusion oi y<>ast mixed witli sugar and 
heatotl to the boiling point was eneb.swl for three years in a sealed glass tiask with 
twice its volume of previously igniteil air, for part of tlu^ time at a temperature of 
2o^-30®. At the end of this time, the li«piid was still transparent, ami the air in the 
flask contained 18‘1 rol. oxygen, 80-0 vol. iiitrogmi. and I t carbon dioxidic liriuo 
and milk, w'hether fresh or previously boiled, exhibit<‘d, when similarly t real tal and 
ki'pl for tlio same time, only traces of oxidation; the urine hail l*ec(»im' somewimt 
darker and had deposited crystals of uric aciil and jihospluiti's ; the milk was not. 
curdkxl and still exhibited alkaline reaction. Hut ivlien th*' same liquids were 
enclosed with air in its onlinary state, the whole of the oxygen of the air was 
fibsorboel in a few days, with siiuullanoous forinatiuu of variable (pianlities of carbon 
ditixide. Oak saw-dust whicli had been boiled with a small (piantity of wn I i-r absorbed 
from perfectly pure air only a few cubic ceutimetreH of oxygen in a month ; wlien'as 
the same quantity nioistonod but not h(?aU.Ml, aiul lelt in contact for Iburlcon days witli 
ortl inary air, absorbed nearly 110 c.c. oxygon. The sawdust in (bi.H latter case h.ad 
become coated wi til a microscopic film of Myc«*lia ami sj>oros of 3Iucidine.'e. 7'Iiese 
rc8ult.fl are regarded by Pasteur as afTor<liug ditcisive proof tlmt the ib eay or slow 
conibustion of animal and vegetable substanc4*H (iepends ossent ially, like ferimudation 
ami putrefaction, on the infiuonco of certain b)W’<‘r <»rganihms (MuctMiiriojv, Monads, 
IWtcrias, and Mucors), without whoso intervention dead organised matter wouM bo 
almost indestructible. 

J. Ivomairo {Compt. rend. Ivii. 9.58 ; Jahrr.dt. 18G3, p. .582) regards Pasteur’s viow^s 
on fermentation and putrefaction as inadmissible. Acc<>rding to his observal ions, the 
most various procc.sses of fermentation may be imineed ly one ami tin* sarmt ferment, 
and special ferments have no existence, the development <»f one or anotlujr kind 
of ferment in a liquid depending on the chemical constitution and the neutnd or acid 
reaction of that liquid ; atmosplieric dust may, Imwcver, exert an essential influmice, ns 
affowling nutriment for infusoria. In a neutral organic liquid, the dccoinp<»sitiori is 
always l>egun by animal organisms, the vcgetaV>lo forms (myco<lermH) not appearing 
till the liquid becomes acid. In acid solutions (fruit-juices) myc<^dermH are first 
developed, and subsequently, when the acid reac-tiem has disappoarwl umler their 
influence, infusoria are produced. Solutions containing only a few thousandths of an 
organic acid (acetic, tartaric, lactic, malic, &c.) quickly kill infusoria; moreover, 
carbon dioxide is not essential to the existence of these organisms, and vibrios 
especially cannot long exist in liquids containing c-arbonic acid, if excluded from acc<5ss 
of oxj-gen. Infusoria and mycoderms are developed in meat accordingly ns it is 
immer^ in pure water or in a solution containing orgjinic acids. Ixjmairo also^flnds, 
contrary to Pasteur, that putrefaction does not take place when oxygon is excluded, 
and that gangrene is essentially the same process. He distinguishes in the process 
of putrefaction a stage of fetid odour {jphriode fHul€\ in which ho has observed 
30 different species of infusoria, and a subsequent stage of purifiiyition {phrtodt 
f^^puration)^ in which these infusoria disappear, and in the light are replied by 
jKroen matter {Eufflenaf Forticellep, and species of Protococctm) ; Ihis pnrifli^tion 
process may also take place in the dark, but in that case the green matter is not 
produced. Prom further experiments, Lemaire concludes that tlie unrwtrictecl access 
of air is essential to the progress and completion of the process of pu^eiaction. 
Organic substances (flour and meat) kept in closed vessels with water and a snmll 
quantity of air at vaiying temperatures, exhibited a commencement of putre^ion* 
but this soon ceased, so that at the end of a yair the rabstances were not found to to 
® uch altez^ed. Similar results were obtain^ with juicy fruits kept in closed vessels 
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filled with air or with charcoal powder. The fruits, however, became uneatable 
{^Compt. rend. lix. 696). 

Por an abstract of various researches on the supposed. siwntaneous generation of 
minute organisms, and the difihision of their germs in the air, see Jahrcsb. 1864, 
p. 580; 1867, p. 743. 

Acetous Fermentation . — See Acetic Acid (p. 6). 

Butyrous Fermentation . — The ferment to which this kind of fermentation is due is 
according to Pasteur {Compt. rend. lii. 344) an infusorium. The individuals arc small 
cylindrical stems rtninded at the ends, usually straight, and occurring singly or in 
chains of two, three, or more ; their medium thickness is 0‘002 mm. ; the length of 
a single stem varies from 0 002 to 0*015 or 0*02 mm. They increase by division, 
may bo sown like beer-yeast, and propagate in any medium adapted to their nutrition, 
even in a liquid containing only sugar, ammonia, and phosphates, and increase as tho 
butyric fermentation progresses. It is remarkable that these infusoria live ami 
multiply without requiring the smallest quantity of air or oxygen ; air indeed kills 
them. Carbonic acid gas passed into the liquid docs not interfere with their life or 
their reprotluction ; but on passing air through it for an hour or tw'o, the whole of 
the animalcules sink to the bottom, and the butyric formentiition ceases altogether. 
Pasteur has also observed an infusorium which excites the fermenUition of calcium 
tartrate, and, like the true butyric acid ferment, belongs to the vibrios, and is capable 
of growing without access of oxygen {Compt. rend. Ivi. 416 ; Jahresh. 1863, p. 382). 

In the conversion of calcium laeUite into butyrate, carbon dioxide and hydrogen 
are not evolved in the proportion indicated by the equation 2C*H®0® = + 

2CO'^ + 2H* (ii. 631). The proportion of hydrogen is always smaller; but the 
riitio of the two gases varies both in one and the same, and in different fermenbitions ; 
sometimes oven pure airbon dioxide is evolved. Butylic alcohol is probably an 
ordinary product of the ^uityrous fermentation. The animalcules which induce this 
kind of fermentation can develop themselves without any other nutriment than a 
carbohydrat e (such as lactic acid), ammonia, and phosphates (Pasteur, Bull. Soc. Chim. 
1802, p. 52). 

According to B^champ {Bull. Soc. Chim. [2] vi. 484), the function of chalk in 
hicttjus and butyrous fermentiition is not limited to the neutralisation of the resulting 
acid, but the chalk is itself aipable of acting as a ferment. A mixture of starch-paste 
and powdered chalk with a few drops of creosote becomes liquid after a few days, 
soluble starch being formed, with traces of dextrin, and the liquid afterwams 
passing successively into alcoholic, lactous, and butyrous fermentation. A solution 
of cane-sugar troaU^d in like manner undergoes the same succession of changes. 
Now pure precipitated calcium carbonate does not exhibit this reaction in the 
slightest degree when the air is carefully excluded, and the chalk itself loses the 
power of exciting fermentation if heated in the moist sUite to about 300®, 
Hence B^hamp attributes the action in question to a ferment existing in the 
chalk, and by microscopic examination he has actually discovered in it extremely 
small pointed corpuscles having a tremulous motion; these he re^rds as living 
organisms, and designates as Microzyma crct<B. The chalk with which the above- 
mentioned experiments were mtide was taken from a block from the CTset^eous forma- 
tion of Sens. Tertiary fresh-water chalk from Pontil (Herault) exhibited the same 
fermentative power. Bechamp Is of opinion that the Microzyma is very widely diffused, 
especially in cultivated soils. 

The vibratory corpuscles (p4brine) generated in the silkworm disease also act as a 
ferment, a solution of cane-sugar containing creosote being converted by prolonged 
contact with them, partly into inverted sugar, partly into alcohol, acetic acid, and a 
non-volatile acid, probably lactic acid. These vibratory corpuscles contain cellulose 
(B^hamp, Compt, rend. Ixiv. 231 ; Ixv. 42). 

Callous Fermentation . — According to Ph. van Tieghem {Compt. rend. Ixv. 1091), 
tannic acid does not decompose either with or without access of air, unless the mycelium 
of a mucidinea is developed within it. The formation of gallic acid in a solution of 
tannic acid is especially promoted by the development of the spores of two fungi, 
BenidUium glaucmn and Asperulus iUger^ with simultaneous access of air. Under thoM 
circumstances, and when the fungus is developed in the interior of the solution, gallic 
acid is produced (together with small quantities of sugar), amounting in a few days 
to nearly the theoretical quantity. If, on the other hand, the fungus is developed on 
the surface as a thick fructifying layer, the tannic acid is completely oxidised, with 
formation of carbon dioxide, so that, after some days, the solution contains only sin^ 
quantities of gallic acid and sugar. On the other hand, tannic acid remains quite 
unaltered, when its solution, freed from dissolved oxygen by exhaustion with the 
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air'pumpt is left, either alone or in contact with a lai^e quantity* of the myceltutn, in 
bottles filled with carbonic acid. 

If^itence (if Antiseptic Substances on Fermeniatian and IHtf refaction , — According to 
B^hamp (Ann, Ch, Pkys. [4] vi. 248), a dn^p or two of creosote addexl to 100 c.c. 
of any liquid is sullicient to arrest the development of the s^xires of funpi and germs 
of infusoria, but without interfering with the action of foVinonts ; to kill previously 
developed organisms, much larger quantities are rt^pured. lluoliolz found tliat no 
fungi or infusoria could bo detected in milk inixtHl with a small quantity of phenol ; 
nevertheless the milk slowly turned sour: hence he infers iliat the j lactous]"fm*mentati»n 
is duo, not to the action of living organisms, but to a ehemioal ferment existing or 
simultaneously formed in the milk, and acted upon by I lie phenol less tjuickly limn 
the organisms {Jahresb. 1867, p. 7-12). Acconling to Nannyn 1 86,'i, p. 606), 

benzol likewise interferes with the action of yeast on sugar solutions. Pienkowsky {ihith 
606) has examined the antiseptic action of a considerable number of s/dls ami of a few 
acids. Raw moat (60 grms.) impregnateil with 10 grins, of either .»f the b>nowing 
compounds, and left in a cellar for a month, neither uiulerwonl puti-efaction nor 
btx*amo covered with infusoria or myco^lerms : potassium, s<.>dium, amiuoniunt, iMiriutn, 
calcium, or lead acetate; sodium, ammonium, calcium, or stannic chloride; aniline 
nitrate; phenol; acetic acid ; cupric chloride or sulphate ; mercuric chloride ; ixMassium 
dichromate ; manganous chloride, zinc chloride, zinc sulphate, ferrous sulpliate, 
jxjlassium sulphite, and lead nitrate. After six months, however, superficial ileco!n|M)Hi- 
ti(m showed itself, accompanied by development of infusoria and luyeodenns, excepting 
in the samples which were impregnated with the fidlowing edeven subKliinces : 
unimoni\mi acetate, ban um acetate, calcium chloride, euju'ic chloride, mercuric chloride, 
cupric sulphatx?, lead acetate, aniline nitrate, phenol, acetic acid, and |H>tasHiuin 
<lichromato. Meat soaked in solution of so<liiim acebite preserved its agreeable ixlour, 
was easily dried, and more easily desallnatotl than meat preserveil with common salt. 
,S<Klium and potassium alum, aliimiiiiuni sulphate, smlinm plHjsphatc, strontium and 
barium nitrates, ammonium and s(xlinm oxalates, barium chloride, Sfwlium snipliite 
and hyp<jsulphite, ammonium nitrate, {xitiissium chlorat<% sodium, jHitassinm, 
Tmignoaium, and ammonium sulphates, manganous acetate, nnd arscnioiis acid, oxorted 
no antiseptic action : moat impregnated with them passuil inl^) putriil decomposition, 
and became covered with fungi or infusoria, even in tlio course of a week (Fionkowsky). 
A solution of formic acid or a metallic formate may be kept for six months without 
exhibiting any development of mycoderms. But if the solution of a metallic format© 
likewise contains sugar, fungi quickly form in it, part of the formic acid at the same 
time disappearing. On the other haml, the presence of free formic acid, oven to tho 
amount of only 01 c., is a hindrance to the development of tliese organisms, whereas 

in solutions containing from 0-5 to 0'6 p. c. liydnxjhloric acid, fungi can grow, though 
not so quickly as in neutral liquids. Formic acid is in this rospoot a more powerful 
antiseptic for sugar solutions even than phenol ; meat on the other hand keens longer 
in water containing phenol than in water containing formic acid, and in the latter 
longer than in pure water. In water acidulated with formic acid, moat becomes 
c^A'ered with a thick layer of mycoderms (Jodiii, Compt. rend, Ixi. 1179). 

According to Severi {Med.-chem, Unters. i. 257 ; Zeitsekr. f. Chem, [2] iv. 285), 
alcoholic fermentation is not retiircled by pepsin, either alone or in prt‘»ence of free 
hydrochloric acid ; but natural gastric juice in large quantity arrosta the prowess, nnd 
in smaller quantity retards it, tliis action being oxertefl on the ferment, not on the 
fermentable substance. Lactoiis fermentation is neither arrested nor retarded by 
pepsin (either alone or with hydrochloric acid) or by natural gastric juice. Putre- 
fiictive fermentation, on the contrary, is arrested by natural gastric juice, although the 
animalcules which Pasteur regards as the exciting cause of this change continue to 
exist in full health and vigour. 

On Fermentation in general, see also Williamson {Chem, News^ xxii. 234, 247* 258# 
268, 292, 304, 316; xxiii. 18, 27, 66, 90, 102, 114); Weinbeig {Bayerisokts 
Industrie- und GrewerhehUUt^ August 1870; Chem. News^ xxii. 263). On the Gerrn- 
theory of Fermentation : Bansom {Chem, Hews, xxii. 241, 254). On Fungi and 
Fementation ; J. BeU (Ckem. 8oe. J, [2] viii. 387). On Organic Matter in Water: 
Heisch {ibid, viii. 37 1 ). On the Development of Fungi in Potable Water : Frankisnd 
{ibid. ix. 66). On the Carbonic and Alcoholic Fermentation of Sodium Acetate and 
Ammonium Oxalate: B6chainp {Compt, rmd. July 4, 1870; Chem. AVow, xxii, 34), 

The resin of Ferreira speciMlds, a leguminous pUnt growing in 
Brazil, containa an alkaloid which has been examined by Gintl (Zeiiscar. /. Chem. \2j 
y. 284), who regards it aa a distinct body, and colla it anyOme (the ^mrmacaii* 
ti«U name of the resin being Resina dangdim pedra). The baae appears bowmrsr to 
be identidd with ratanhine (v. 77). 
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FBRROTANTALATBS—FILITANNTC ACID. 


JPJBMtOTAirTA&ATlSS* Seo Tantalates. 

FBAUAXC ACZS. (Hlasiwotz a. Barth, Ann. Ch. Pkarm, cxxxviii. 

61 ; Jahresb. 1866, p. 627). — An acid existing in asafcetida, and obtained by pre* 
cipitating the alcoholic tincture of the resin with an alcoholic solution of neutral lead 
acetato ; freeing the light yellow procipiUte as completely as possible from adhorino- 
resin by repeated washing with alcohol, and pressure ; and decomposing it, suspended 
in water, with dilute sulphuric .‘Wiid. The filtered liquid duly concentrated, yields 
crystals of crude forulic acid, which when purified by recrysUillisation from alcohol, 
and then from boiling water, form long colourless four-sided needles belonging to the 
rhombic system. Ferulic acid is tasteless ; has an acid reaction ; dissolves easily in 
cold alcohol, not very readily in ether ; is nearly insoluble in cold, but very soluble in 
boiling water ; dissolves very easily and with yellow colour in alkalis. The aqueous 
solution is precipitated by lead acetate and ferric chloride ; the ammoniacal solution 
forms with silver nitrate an egg-yellow precipitate, quickly becoming darker when 
exposed to light Strong sulphuric acid dissolves the crystils with yellow, or when 
warm with brownish-rod colour, and the solution exhibits a green fluorescence, which 
disappears on dilution with water. The acid molts at 1.53°“154°, and solidifies in tho 
crystalline form. 

Fomlic acid is related to eugenic acid, in tho same manner as oxalic acid 

to acetic acid, and, like eugenic acid, is resolved by fusion with potash into prutocatc- 
chuic acid, acetic acid, and carbon dioxide, together with a small quantity of oxatie 
acid : 

+ O' = -f- C-TT'O" + CO^. 

Fcrulic acid. Protocfitxjhulc Acetic 

acid. acud. 

C'®H'20’ + 0^ = + C2nH)2 + C02 -I- 1120. 

Eugenic acid. 

The acetic acid may bo suppo.sed to arise in the first case as a secondary product from 
malonic acid, and in tho second from propionic acid. 

Ferulic acid is monobasic. Its ammonium salt, IPO, is obhiinod 

by spontaneous evaporation in laminar crystals, which give off part of their ammonia 
at 100°. The potassium salt C'®1I®0^K is straw-yellow, deliquescent, and sparingly 
soluble in alcohol. The silver salt C*®IPO^Ag is a lemon-coloured precipitate, some- 
times turning grey. 

Z'BVXXiXiSA. Tho seeds of Feuillfsacordi folia, a Brazilian climbing plant, contain 
in 4,000 pts. : 1301 '5 pts. of a dryingfatty oil, 95 5 fouillin, a brownish, unerystalMsable, 
bitter substance procipitable by basic lead acetate and tannin, 2*] of a substance 
crystallising in colourless plates, 57 0 crystallisablo fatty acid, 62‘0 red resin, 20 4 
brown resin, 22*1 gummy substance and iron-greening tannin, and 10*7 glucose 
(Peckolt, Arch. Pharm. [2] cix. 212). 

ai'xsRxisr. Soo Froteids. 

rXBROXTT. See Silk. 

BXXiZCXC ACX1>. This acid, discovered by Luck in the root of Aspidiiun Fili-r 
mas (ii. 645), has, according to Griibow'ski {Au??'. Ch.Marm. cxliii. 279), thccomposi- 
tion When heated with 4 pts. potassium hydrate and a little water till tho 

mass begins to melt and turn red-brown, it yields as chief products butyric acid and 
phloroglucin. If, on tho other hand, tho solution of the acid in strong caustic potash 
be evaporated only till it becomes pasty, and tho mass be then supersaturated with 
Btilphtiric acid and treated with other, tho ethereal solution is found to contain, 
together with phloroglucin, another crj’stalli. sable, slightly soluble substance, C'®H'*0% 
which may bo rogjinlod as monobutyryl-phloroglucin, C®fl*(C'H^O)0*. Filicic acid 
has Uierofbro tho composition of dibntyryl-phloroglucin, and its decomposition by 
potash may be represented by the equation 

C«I1'(C^H’0)20* -H 2H^O = 2(G'H’^0)HO + C«H«0» 

Filicic acid. Butyric acid. Phloroglucin. 

Phloroglucin treated with butyryl chloride yields, however, not filicic acid, but an 
oily substance which crystallises only after long standing, is insoluble in water and 
in alkalis, but soluble in alcohol and ether (Grabowski). 

BX^XTAXnrZC ACXB and rZBZX-RBB (G. Malin, Ann. Ch. Pharm. cxliii. 
276). — The aqueous decoction of the root of Aspidium Filix mas yields to ether a 
omall quantity of brown greasy resin, and then forms with neutral and basic lead 
ftcetate, precipitates containing filitannic acid, which, when separated by decomposing 
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the washed precipitates with hydrogen snlphiHo. and evapomtiiig the flltnvto, forms a 
V>rowni8h extract, purittable by partial precipitation with nevU rsil load ai’ctato and 
decomposition of the lighter port^.ion of the precipitate. It is very much like cinchona- 
tannic acid ; hygroscopic ; forms a somewhat turbid solution ; is sparingly dissolvoil by 
str(,ng alcohol, more freely by ordinary spirit ; forms with ferric chlorivle an 
procn 8<dution, txirning violet on additioiiof scMlium carbonate ; reduces alkaline cupric 
solutions ; and is procipitsitod by gelatin. (In boiling it with dilute sulphuric acid, 
dark brick-red flocks of filix-red, are dcposikHl, whilst an uncrystallis- 

nblc sugar, remains in solution. Filix-red, |H'rl,aps identical witli Luck’s 

tarinaspidic acid, is resolved })y oxidation with potassium hy,lrnto into protocalechuic 
acid and phloroglucin. 

X*ZXiTltA>TXOK'« Bunsen has contrived a melhml of flUering under pres.sure, by 
wliich the time occupiwl in washing preci}>itnl('s, and the quantity of wat.t>r rotjuirctl 
ft>r the purpose, are very greatly riHlucwl. The neck <,f tl,o hinncl containing the 
filter is passed through llio caoutchouc stopper of a wlde-moiit fieil flask of thick glass, 
aiul through tho sjvme stopper there alsi, ]v,sses a bent tulx* comu'cted with a glass 
water-pump constructed on tlio principle of Sprengel’s mercury-puiup ; any other 
e xhausting apparatus nught. however, he used. By this lueaus .a partial vacuum is 
nuulo within the flask, and tho pressui\‘ of tho external air on the water in the funnel 
forces it r,»pidly through the Alter. To preve nt the paper Alter fomi being broken by 
the pressure, it is place<l within ii funnel of thin j>latiiium foil, niaile to At i'xaclly tho 
inside of the glass funnel. A Alter Mms su)>ported w'ill bear the ]<ressure of an 
atmfisphcro without tearing. I'or Altering li(juids which contain coTroding gases or 
vapnirs, a C3'lindrical tul>e having a conicrtl lower termination is used ins(ea<l of (he 
funnel, adise of ar/ifirwf punnee (such as is used for })olishing), 1 or 2 mm. thick, being 
jilaced in tho conical neck and Axed water-tight by means of loTig-AI,ro<I ilexihlo 
asbestos. For details and figures of lljo apparatus, see the original memoir (Avn. 
('A. Pharm. cxlviii. 269 ; also 7jcit»chr. f. Vhem. [2 j v. 118; Vhrnxical Nvws, 1SG9, 
xxi. 128). 

FZtiknXZl. Sec CoMHUSTTOK. 

mroKsnrsRxc Actn, KTBKOPXitroxtxo acxb, or nmnoamw 

rXtXrORXXkB. This acid, both in tho anhy<lrous stale and iti aqueous solution, has 
ixx'CTidy been submitted to vctv careful examination by (I. Gore {Phil. I'nina. 1869, 
p. 173; Chem. Sac. J. [2] vii/368 ; abstr. Proc. Uot/! Soc. xvii. 2/16; Cym, 

1869, p. 74). 

The anh^'drou.s acid, ITF’, was prepared by heating dry hydrogen -jvit ass I um fluorido 
to rodness'in a suibahlo plalimnn apparatus. It is a highly dangorous substance, 
requiring tho most extreme care in its maiiipulalion. At oixlinary temperatures it is 
a I>orfectly colourless, transparent, mobile liquid, and has a sp. gr. ot O 9H70 at 12'8'^. 
It is extremely volatile, Ixjils at 19‘4^, fnme.s densely at ordinary temperaturoB, and 
gre«liiy absorbs water frt)m the air. Its va|y)ur-tenHion at l/>'^ is equal U) al>cmt 7’68 
]><>unds per square inch. On hMiHcniug the lid of a hfht.lo eonUiining it at that tempe- 
rature, the acid vapour is expelled in a jet like steam Inun a boiler; it may however 
he jx^fcctlj' retained in a platinum bottle having a flanged mouth, with a platinuin 
j'hite secured hj* damp-scrcws and a washer of paraffin. It does not Sfdidify at 34*6'’, 
The gaseous acid dot's not attack glass, even when left in contact with it fc^r week#, 
providetl all moisture l>e excluded. Tins at'id preparwl as al)ovo was inferred to bo 
free fnjm oxygen : (1) because tho double flur>rido fix>m whicli it was prepared, when 
fused and cloctrolysotl with platinum ptdes, evolved abundance of inflammable gas afc 
the negjitivo pole, but Ao gas at the positive pole, although oxides are decompos^Fby 
el octroi 3 ’s is before fluorides; (2) l)ec^»use in tho eh>ctrol 3 ’si 8 of the acid with platinum 
P^des, no odour of oztjno was evolved, whercjis the aqueous acid of various stron^h* 
evolves this odour x^ery strrmgly where elect rf)l 3 'S<si ; and (3) because the acid obtained 
h>' heating pure silver fluoride in dry hj’drogen exhibited the same properties as that 
prepared from the hydropotassic fluoride. ^ j « u * • 

Careful determinations of the molecular volume of tho acid^ prepared by hinting 
silver fluorido in hydrogen showed that it is analogous in constitution to hydiwhlorjc 
acid, not to water, tho results indicating that one volume of hydivjgen in uniting with 
fluorine produces two volumes of gas, just as it does in uniting with chlorine, ^ ^ 

Numerous experiments were made to electrolyse the anhydrous acid with positiTO 
poles of gas-carbon, charcoal of lignum vitae, and many other kinds of w^l, al^ of 
palladium, platinum^ and gold. TTie gas-carbon disintegrated rupidiy ; all the Kinds 
of charcoal flew to pieces quickly ; the palla/lium, gold, and platinum poles wet^ 
corroded without evolution of gas. With platinum as the ptxntive polo, the add 
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conducted much more readily than pure water; but with gold it conducted searceh 

at all. 

Anhydrous hydrofluoric acid scarcely exerts any action on the metalloids or the 
noble metals, and even the other metals in the finely divided stete do not eliminate 
hydrogen from it at temperatures between 0° and 20®. Potassium and sodium react 
with it as with water. With strong hydrochloric acid it produces an active 
ofFervesccnce. Basic oxides unite readily with it, some of them dissolving; on 
peroxides it has no effect. Some nitrates are not attacked by it, while others (leml, 
barium, potassium) are decomposed. Pluorides for the most part remain unaltend', 
but those of the alkali-metals and thallium produce various degrees of chemical action* 
those of ammonium, potassium, and rubidium uniting powerfully with the acid. 
Numerous chlorides were also unaffected, but the pentachlondes of phosphorus and 
antimony, titanic chloride, and the chlorides of the alkali-metals and alkaline-ejirth- 
mctals, were decomposed with strong action, and generally with effervescence. The 
chlorates of potassium and sodium were also decomposed, with evolution of chloric 
acid. The bromides of the alkaline-earth and alkali metals behaved like the chlorides. 
PoUissium bromate rapidly evolved bromine. Numerous iodides remained unaffected, 
but those of the alkaline-eai'th and alkali metals were strongly decomposed, in some 
cases with liberation of iodine. The anhydrous acid decomposes all carbonates with 
effervescence, and those of the alkaline-earth and alkali metals with violent action. 
Alkaline borates also produce very violent action. Silico-fluorides of alkali -metal 
dissolve with effervescence. Sulphides remain unchanged, except those of the alkaline- 
earth and alkali metals, which nipidly eliminate hydrogen sulphide. Acid sodium 
sulphite dissolves with effervescence. Sulphates are variously affected. The acid 
chromates of the alkali-inoUils dissolve, with violent action, to blood-red liquids, with 
evolution of chromium fluoride. Pota.ssium cyanide is violently decomposed, with 
evolution of hydrogen cyanide. Solid organic bodies immersed in the acid are for the 
most part quickly disintegrated. Gutta-percha, caoutchouc, and numerous gums and 
resins dissolve to red liquids. Gun-cotton, silk, paper, cotton-wool, calico, gelatin, and 
parchment are instantly converted into glutinous substances and generally dissolved. 
Pino-wood is instantly blackened. Sponge is but little changed. The anhydrous 
acid mixes with wood-spirit, alcohol, ether, but not with benzol ; with oil of turpentino 
it explodes, forming a blood-rod liquid. 

Aqueous Hydrofluoric Acid . — The commercial aqueous acid is often very 
impure ; but a pure acid may be prepared from it by passing an excess of hydrogen 
sulphide through the liquid, neutralising the sulphuric and silico-fluoric acids present 
with potassium carbonate, deamting from the resulting precipitate, removing the excess 
of hydrogen sulphide with silver carbonate, filtering, distilling the filtrate from a 
leaden retort connected with a platinum condenser, and finally rectifying. 

A very small quantity of hydrofluoric acid lowers the freezing point of water very 
considerably. When the aqucKius acid was electrolysed with platinum for the positive 
pole, ozone was evolved, and with acid of 30 p. c. (not with that of 10 p. c.) the 
platinum was attacked. 

The chomico-elcctric series of metals, &c., in acid of 30 p. c, is as follows ; zinc, 
magnesium, aluminmm, thallium, indium, cadmium, tin, load, silicon, iron, nickel, 
cobalt, antimony, bismuth, mercury, silver, coppery arsenic, osmium, ruthenium, gas- 
carbon, platinum, rhodium, palladium, tellurium, osmiridium, gold, iridium. 

rikUORZSTB. According to Prat {Co?npt, rend. Ixiv. 345, 511 ; Jahresb. 1867, p- 
175), the ordinary metallic fluorides are oxyfluorides, fluor-spar, for example, having the 
composition CaFlO (the atomic weight of fluorine being 29 6) ; and by heating an 
ordinary fluoride (oxyfluoride) with potassium chlorate or perchlorate, a mixture of 
oxygen and fluorine is evolved, from which the fluorine may be removed by metallic 
silver. By passing the same gaseous mixture over heated baryta, the oxygen is said 
to be absorb^ and pure fluorine left. Fluorine thus obtained is described by Prat as 
a gas heavier than air, nearly colourless, fuming in the air, and smelling like chlorine ; 
combining in diffused daylight with hydrt^n, decomposing water, hydrochloric acid, 
bromides, and iodides at ordinal^ temperatures, bleaching indigo and litmus, unitii^ 
with bromine, silicon, and most metals. By mixing dilute aqueous hydrofluoric acid 
with aqueous hypochlorous acid, Prat obtain^ a gas which he regarded as a compound 
of chlorine and fluorine; it was darker than ^lorine, and formed with silvOT a 
mixture of silver chloride and fluoride. 

P. Cillis, however, in repeating Prat’s experiments, finds that a mixture of calciuiB 
fluoride and potassium chlorate yields by ignition nothing but pure oxygen, whiefc 
exerts no action on metallic silver, and that this oxygen is derived solely fWim 
chlomte, the fluor-spar remaining unaltered, and the residue after washing wiU 
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water exhibiting exactly the weight of the original fluoride. Hence he ooncltidea 
that Prat’s statements are erroneous, and tlmt his supposed fluorine has no existence 
{Zcifschr. f, Chem, [2] iv. 660). 

Estimate of Fluorine, — Fresonius has described n modification of Wohler’s method 
of estimating fluorine, by the quantity of silicon fluoride evolved on heating a fluoride 
with sulphuric acid and sili^, which consists in determining tbo quantity of silicon 
thus evolved by tlm increase in weight of an absorption upjxiratuscimtmning, in different 
mrts, pumice moistened with water, soda-lime, mkI fused calcium chloride (^itschr, 
itnal. Chem. v. 190; Jahrcsh. 1866, p. 1791). 

For Koboll and Zalesky’s methods of estimating fluorine in phosphates by the 
quaritity of silica which it can remove from glass when evolved in contact therew’ith, 
M'o BiUl, Soc. Chim. [2] iii. 70; Ztiischr, anal. Chon. v. 205; Jahnsb. 1801, p. 096; 
1SG6, p. 792). 

S*ORMLAJMCZX>B, CII®NO = obtained by Hofmann (ii. 681) by 

heating ethyl formate with dry ammonia, is likewise prod\iced ; a. lly heating a dry 
mixture of 2 pts. dry ammonium formate and 1 pt. urea to 140'^, as long as ammonium 
l iirbonate is given olf (Borend, Ann. Ch. IViarm. cxxviii, 355). — J3. By heating ammo- 
nium formate by itself to between 160° and 200°, and leaving the distillate over 
svilitliuric acid, till its weight becomes nearly ptirmanent ; fornmmido then renuiins as 
a colourless liquid, A sohition of ammonium formate in 4 or 5 pts. w'ater also yields 
a small quantity of formamido when distilled (I^orin, Compt. rend. lix. 51). — 7. By 
In aling a mixture of I mol. sodium formate and 1 mol. sal'ammoniac, carlxm mon- 
oxi<h> iu’ing then also evolved. If calcium fonnuto bo substituted for the smlium wilt, 
a liiglier temperature is required, less formamido is |)r<Kluc<xl, and the gas evolved 
contains 2 vol. carbon monoxide to 3 vol. hydrogen, with small quantities of hydro- 
carhous, hydrocyanic acid, and ammonium c^irbonato (I^irin, ibid. 788). 

Formamido mixes with ether containing alcohol, but not with pure other. With 
sodium it dccx)nijx)ses, producing exphision and ignition. Heated with zinc-sodium or 
sodium-amalgam, it omits the odour of metliylaminc, and yields a residue containing 
cyanides ; with zinc-sodium in the coM, only ammonia is given oft', and the residue does 
not contain cyanides. Strong potash solution eliminates ammonia from it at ordinary 
tc-mpcniturcs. With alcohol and hydrochloric acid, it yields sal-aminoniac and ©thyf- 
f *rmato. 

Kettiyl-ronnamille* CHHNO = (CHO.CH*.H)N (Linuomann, Wien. Akad, 
Her. lx. 44; Chem. Centr. 1870, 138). — This comp<jund, isomeric with aceUimide, is 
proilucoil by evaporating the aqueous solution of mcthylamine formate to a syrup, 
dihlilling, eVH|)orating the aqueous distillate on the water-bath, and n>distilling with 
jx^assium carlsmate, which docs not deconijioso this amide or its homologues. It is a 
tJiickish, scentless liquid, of sp. gr. 1011 at 190®, boiling at 190® (under a pressuraof 

0 i l met.), burning with a faintly violet-t*<lge<l ftame. soluble in all proportions of 
water and alcohol, insoltible in ether; resolvixl b^' boiling with stroftg aquwus potash 
into methylamine and formic acid, and by boiling with dilute sulphuric acid into 
carbon monoxide and methylamine: (CHO.CH*,H)N «=» CO -y CIH.IP.N, This 
last decomposition is also pr^uced by phosphoric anhydride at ordinary temperatures, 
hydrocyanic acid being also found amongst the volatile products. 

jBthy I-formatnl do. (CHO.C’IP.H)N. — Prepared like the procoding, Colourlsss* 
thickish, nearly scentless liquid, burning with a bright ftame. 8p. gr. 0*952 at 81^, 
Boils at 196®-197®. Soluble in all proi>ortion8 of water, alcohol, and ether; easily 
separated from ^ueous solution by potassium carbonate. At — 30^ it becomes thicker, 
but does not solidify. By prolonged boiling it is forth© mewst part resolved into carbon 
monoxide and ethylamine. By strong potash-solution it is resolved slowly in the 
quickly at the boiling heat, into ethylamine and formic acid ; similarly by sodium- 
amalgam. Phosphoric anhydride acts upon it in the same way as on methyl-formamide, 

1 usetl and pulverised zinc chloride decomposes it at incipient boiling heat into carbon 
monoxide, ethylene, and ammonia (Linnemann, loo. citJ), 

Bietbyl.fornuuttide, CHO,(C*H*)*.N, is prepared by heating a mixture of 
djcthylamine and formic acid. Colourless, scentless, thickish liquid, of sp. gr, 0*908 
at 19°, not solidifying at —20®, boiling at 176®— 178®, easily -soluble in alwhol, ether, 
and water; separated from aqueous solution by potassium carbonate, as a light layer of 
liquid (Linnemann, toe. cii.'). 

Syn. with Mktuans. 

AOKB. CH*0* « H—COOH.— Produced, according to Blaly {Jakreeb^ 
1865, p. 297), by the action of sodium -amalgam on aqueous ammonium carbonate} 
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also, thoTigh in smaller quantity, by boiling finely granulated zinc and zinc carbonate 
■with potash-loy. It is likewise formed by exposing cjirbon bisulphide to sunshine in 
sealed tubes containing a little water (Loow, Zeitschr.f. Cfiem. [2] ir. 622) : 

CS2 + 2H20 = CH^O^ + H^S + S. 

Thirdly, it is formed, together with aldehyde, by boiling ordinary lactic acid for scvoml 
hours with dilute sulphuric acid, the reaction appearing to hike place by two stages, 
and ethyl idene dihydrate, CIP.CH(Oil)^ isomeric with glycol, being formed as an 
intermediate product ; thus ; 

CH* 

H<ioH + non 

OOH 

Lactic acid. 

CIP 

I 

neon = 

I 

on 

Ethylidcnc 
dihydratc. 


CH® 

I 

neon + Hcoon 


I 

611 

Ethyl idene 
dihydrate. 


Formic acid. 


cn^ 

I + non 

HCO 


Aldehyde. 


(Erlenmoyer, Zeitschr.f, Che.m. [2] iv. 343). 

Preparation. — Lorin (Bull. Soc. Chim. [2J v. 7, 12) obtains aqueous formic iici<I of 
75 p. c. by distilling dehydrated oxalic acid with glycerin ; the decomposition begins 
below 60°, and the temperature must be carefully regulated, on account of the frotliing 
which takes place. 

Crystallisablc formic acid is more easily obtained from the copper salt than from 
the lead salt by decomposition with hydrogen sulphide. A bettor method of preparing 
it is however to dissolve dehydrated oxalic acid at a gentle heat in aqueous formic acid 
of 70 p. c., decant the liquid when cold from the crystallised oxalic acid, and distil tho 
portion which remains liquid. Tho nearly anhydrous distillate when well coolci 
deposits crystalli sable formic acid. Cupric formate heated by itiself yields formic acid 
of 87 p. c. When formic acid of about 67 p.c. is left over concentrated sulphuric acid, 
there ultimately remains an acid of 63 p. c., corresponding in composition with tho 
hydrate 2CH^0^3IP0 (Lorin). 

Decompositions. — A mixture of formic acid, CIPO-, with an equal volume of wat-cr, 
electrolysed with a battery of moderate pow'or (4 Bunsen’s elements), gives off at t!io 
positive pole a mixture of carbon dioxide and oxygen ; so likewise does a solution of 
S'? pts. sodium formate in 63 pts. water; potassium formate mixed with potash gives 
off only carbon dioxide (Burgoin, Afin. Ch. Pkys. [4] xiv. 157). By chromic acid, 
formic acid is completely oxidised to water and carbon dioxide (Chapman, Chem. Soc. 
J. [2] V. 289) ; also hy potassium permanganate, either in alkaline or in acid solution 
(Bertholot, Jahresh. 1867, p. 335). With strong aqueous hydriodic acid, it yields water 
and carbon monoxide. Methyl -formate similarly treated is converted into carbon 
joao^oxido, water, and methane (Berthelot, ibid., p. 345). 

On the antiseptic properties of formic acid, see p. 615. 


XMCetalllo Formatefl. Iron Formates. — Ferrons (CHO*)*Fo + 4H^O, 

forms green crystals only slightly soluble in cold water, more easily in formic acid, 
insoluble in alcohol. Ferric fmnate., (CHO*)*Fo^ -t H*0, is deposited from a solution 
of recently precipitated ferric hydrate in formic acid, in yellow shining crystals, easily 
soluble in hot water ; when ignited it leaves ferric oxide still in the form of the crystals. 
The neutral ferrous «ilt, when exposed to tho air, deposits ferric hydrate, while a more 
or loss basic ferric formate remains dissolved. On boiling the solution of the ferrous 

Balt in an open vessel, a basic ferric salt is deposited, containing (Fe®)** J /Qgy- 
(CHO®)» 

NO® + 3H®0, is deposited, on evapoiating in « 
(HO)® 

■vacuum a solution of ferrous formate oxidised hy nitric acid, in red, iridescent, vorj 
easily decomposiblo crystals, while the mother-liquor retains neutral ferric formi^ 
Ferric dichU^tetrafannatey Fe®(CHO®)*Cl* + 3H*0, separates gradually from a eolutioi 
of ferrous chloride in formic acid oxidised by nitric acid in reddish-yellow nodulei 


Ferric itiformonUratCt Fe* 
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(CHO»)* 

slightly soluble iu alcohol. Ferric difonnodiacctomirofe, Fo*. + 611^0, is 

110 

fortne<l bv oxidising a mixturo of (H]uivalont quantities of fomnih formate and aectato 
with nitric acid, and separates fnnn tho solution, by evaiX)ration over sulpluiric acid, 
us a red, crystalline, very deliquescent mass which gradually loses 3 mol. water 
(Schourer-Kastner, Ann. Ch. [3] Ixviii. 47‘2), 

Lead Forinaics (Barfoed, J. pr. Cfum. cviii. 1; Chem. Centr. 1870, 171). — 
Normal lead formate, (CUU-)*l’b, is usually said to dissolve in 30 pis. of cold 
and 5-5 pts. of boiling \vat(‘r. 

Basic sal ts.—Tlio Inplumbio salt (CHO-)*Pb. PbO or 2P1.0 is pn>ducod 

bv briskly agitating a solution of the normal sail saturated at onlinary temperatures 
with an equivalent quantity of tincly pulverised had oxide, or bv Inatiug a boiling 
solution of the normal salt, three or four times as strong, with h-iul ovidi', heating tho 
liquid t<i lOO'^ in a closed flask till it becomes quite clear, and leaving it to cool slowly. 
It then separates in colourless, transparent, shining, heavy, lutHlle-shajHHl crysUils, 
s^aiie.what more soluble in cold water, and soinewluit l<*ss solid)le in liot water than 
the normal salt ; distinguished, moreover, from tho latter by the prt)perty that itu 
M-lution is strongly alkaline and gives a copious precipitate witli carbonic acid. 
S.luble in 58'7 pts. of cold and 10 pts. of boiling water ; insoluble iu alcohol ; the 
a(pieous solution is completely precipitated in 12 to 24 hours, wdu'n mi\<Hl with 
alMiut six times its volume of alcohol. Bipluiubic formate is likuw'ise precipiUiO d oji 
mixing a solution of 2 eq. of the normal salt with 1 oq. of alkali. Its aqueous 
holution added to si warm solution of sodium sulphate in excess forms a crysiallino 
jirevi]iitiite of biplumlhc sulpliato. SO^l’b.PhU. 

IViplumhic Formate, ((dlO-)‘-l*b. 2l*b0 or 3PbO produoed by boiling a 
solution of the normal salt with 2 mol. lead oxide, or l>y mixing the solution of tlio 
normal salt with * mol. soda, or with rather more than i{ mol. iimmoniu, forms colour- 
h ss, silky, slender, imedle-sluiped crystals, having a silky lustre, and a beautiful r.eolitic 
aspi'Ct while immersed in the liquid, but falling to pieees when it is poured off. 
s/lublo in 2<'rt) pts. cold and 7’6 pl«. boiling water, forming a strongly nlkalino 
solution which gives a cnpi<ius j>recipitate with enrhonic lu'id. By pmlonged boiling 
it lose.s formic acid, as do iikcwisi* the solutions of tho preceiling siilts. 

Quadriplumhic Formate, (Cn()*)*Pb . 3Pb() or 41d>(.) . is produced by 

boiling a strong solutiem of tho tribasic salt with a large quantity of lead oxiile, <ir by 
digt'sling a solution of the same salt saturated at onlinary t4‘m[)enitures with le^ul 
oxitle at 100® for a week. It is thus obtained as a bulky, dirty yellow pn*cipitat<s 
apl'caring under tlu; microscope as a mixture of slemtor nec<Ih>s and uiuiltereil lead 
oxide, ^)lublo in about 90 pis. of cold water; iiiHoIuble in alcohol (Barlbwl). 

Alcobolic Formates. Formic Kthr ». — Tlieso ethers are easily prepared in 
ioiisiderahle quantity by distilling equivalent quantities of oxalic acid and tho 
corres}>on(ling alcoliols with dehydratcil glycerin. The vajxmrs ar<i allowixi for soino 
timi; Iaj fall back into the retort, "the ether not being distilhd ofl’lill the oxalic acid is 
completely decomposed ; dOO grms. amyl alcolud thus treated yield an equal weight of 
amyl formate (Ixjrin, Hull. Chini. 12]v. 7, 12). ^ ^ , 

Allyl Formate, C*lPO' = C]lO'.C“lP, is obtained as a secondary product, m 
the preparation of fonnic acid by distilling oxalic acid with glycerin. On reclining; 
tile crude product, tliis ellicr passes over first, and floats as an oil on llio first pomooi 
ef tho distillate. AVhen purified by w'ashing witli water and S(Klium carbonate, and 
dried with calcium chloride, it forms alight yellow ethereal liquid having an extremely 
irritiiting (xiour, like allyl compounds in general, boiling at 82°“-83®, arnl having a fcp. 
gr. of 0 9322 at 17'6®. Caustic potash re.solvcs it into allyl alcohol and formic acid, 
'ihe mode of its formation in tho priszess just montioneil is not yot undcrslo<>dt 
rhaps a glyceryl formate is pro<iuce<l in tho first instance, and afterwartls decom- 
p 'St>d as t he temperature rises (ToUens, Zeiischr. f. Chem. [2J ii. 618 ; ToUeiW a. 
Wt bor, ilAd, iv. 441), 

Ethyl Formate, C*H®0* = CIlO^.C^IP.—Ldwig a. Weidmann observed that 
th 8 ether when treated with scnlium gives off pure carlion monoxide, without ad mixtur# 
oi hydrogen, and likewise yields sodium ethylate, alcohol, and sodium formate. Amjrding 

to Wanklyn (Zeiischr. f. Vhem. [2] iv. 674), the rtwiction is in the first instan<» 
atiah>gii>ajj Lliat which takes place with ethyl acutato, yielding sodium-triformyl and 
S'xlium ethylate : 

+ Na< = ((•UO)'No + 3C?H‘NaO. 
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the sodium triformyl being then resolved into sodium methylate and carbon monoxide* 
(CHO)»Na = 2CO + CH*NaO. 

The greater part of the carbon monoxide however is duo to the decomposition of the 
excess of ethyl-formate under the influence of the sodium ethylate, the products being 
carbon monoxide and alcohol; C’H«0* = CO + 0*11*0. Direct experiments by 
G-euther (Zeitsekr. f. CJiem. [2] iv. 655) have indeed shown that ethyl formate is 
decomposed in this manner when heated in sealed tubes with sodium ethylate, tho 
latter remaining unchanged. 

Ethyl Orthoformate, C’ir«0* == This ether, discovered by 

Williamson a. Kay (fProc. Hoy, Soc. vii. 135), is produced by the action of chloroform on 
sodium ethylate, or by heating chloroform with a solution of potash in absolute alcohol : 

CHCl* + 3C*n*NaO = 3NaCl + CH(OC*H'‘)*. 

Ladenbuig a. Wicholhaus {Bull. Soc. Chim. [2] ix. 356) prepare it by dropping a 
mixture of absolute alcohol and chloroform on sodium (1 mol. chloroform to 3 at. 
sodium), under a layer of ether. A brisk reaction takes place at lii*st, after which the 
mixture is distilled, first over a water-bath, then over an oil-bath, and the portion 
which distils above 110® is washed, dried, and rectified : 170 grms. sodium treated in 
this manner with about 300 grms. chloroform and 350 grms. absolute alcohol yielded 
60 grms. ethyl ortlioformate. 

Ethyl orthoformate is a colourless, aromatic, easily inflammable liquid having a sp. gr. 
of 0*8694, remaining liquid at —18®, and boiling at 145®-146® (K^y), at 146°-148® 
(Ladenburg a. Wicholhaus). Bromine decomposes it at ordinary temperatures, yielding 
ethyl bromide, ethyl carbonate, ordinary ethyl formate, and alcohol (L. a. W.) ; 

2CH(OC*n»)* -I- Br* == 2C*H*Br + CO(OC*H»)* + CHO(OC*H») + C*n*0. 


Heated in sealed tubes with aqueous ammonia or ethylamine, it yields crystals of 
ammonium or ethylammonium formate. With perfectly anhydrous alcoholic ammonia 
a base is obtained which yields a well-crystallised platinum salt. With aniline it 
yields methenyl-diphonyl-diaraine, (CH)"'(C*‘H‘)*1IN* (Wicholhaus, Zeitschr. f. Chm, 
[2] V. 284). 

The relation between orthoformic other and ordinary formic ether may be repre* 
sented by tho following formulae: 


(CHrj8c»H* 


(CH)"'- OC*H* 

t0C*H^ 


Formic. 


Orthoformic. 


rOltMZC AX.nzaB'TBfi. CIDO = H.COH. Mcthylie Aldehyde {UoimMin, 
Vroc. Roy. Soc. xvi. 156). — This compound, which may also he regjirdcd as the ketone 
of formic acid, is produced when a current of air charged with vapour of methyl 
alcohol is passed over a glowing spiral of platinum wire. A three-nocked bottle 
having a capacity of 2 litres is filled to about 2 centim. with gently warmed methyl 
alcohol. Through one of the nocks passes a tube reaching to the surface of the liquid ; 
tho second is fitted with a cork carrying a spiral of platinum wire, also reaching to the 
surface of tho liquid ; and tho third is connected with a Liebig’s condenser, the lower 
extremity of which is fitted into a two-necked receiver. The second tuhulus of this 
receiver is connected with a series of wash-bottles, the last of which is connected with 
an aspirator. The apparatus being thus prepared, the platinum spiral is heated to 
whiteness and introduced into the threo-necked bottle. In a few seconds the slow 
combustion of tho methyl alcohol is made evident by the irritating odour emitted, the 
whole apparatus at the same time becoming heated, and drops of liquid collecting in 
the receiver. The apparatus is now in go^ working order, and if the stream of air 
be properly reflated, the platinum wire may be kept glowing uninterruptedly for 
hours, or even days. 

The liquid which collects in the receiver is a solution of formic aldehyde in methyl 
alcohol. When rendered slightly alkaline by ammonia and gently warmed with 
silver nitrate, it yields a beautiful specular deposit of silver, wnlih greater ease even 
than common acetic aldehyde. The same solution healed with a few drops of caustic 
potash, deposits drops of a brownish oil having the odour of the resin of acetic aldehyde. 

Formic aldehyde has not yet been obtained in tho pure state ; but on treating its 
solution with hydrogen sulphide, and heating the resulting liquid with strong hyd^ 
chloric acid, it solidiflos on cooling to a dazzling white mass of felted needles, consisting 
of tho corresponding sulphur-compound CH*S. 

According to E. Mulder {Zeitschr. f. Chem. [2] iv. 265), formic aldeh^e is also 
produced by the dry distillation of calcium formate. Formic sulphaldehyde is mie oi 
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the prodticts of tho action of nascent hydrogen on eulphocyanic acid ; SCNU + 2H^ 
ss + CH*S (Hofmann* Z^schr. f, Chtm, [2} iv. 689), 

1*0»**0B»WX0X0 A.CXS. Syn. with Mandelic Acid (iii, 799). 

sntAJXOYIXXO A.CX!D and X'KAir OVXiXir . Frangiilin, tho yellow colouring 
matter of tho bark of tho berry-bearing alder {Wtanmns FrampUay haa lately been 
examined by A. Faust (^Ze^iischr . f . Chem. [2] v. 17), who finds that in tho pure state, 
as prepared by Ca^elmann’s process (ii. 7(i6), it has tho oomjKisition and 

that it is a glucoside, being resolved by acids into sugar and frangulic acid; 

C20H20OJ0 + U20 « C«1I‘»0» + C“II“'0\ 

Franffulic acid^ + H-^0, may also bo prepnrcsl directly from tho bark by 

boiling it with water containing stxla instead of ammonia, as in the preparation of 
frangulin. It is an orange-yellow, loosely coherent, crystallino mass, appearing under 
tho microBCopo to be composed of long prisms. It melts between 246° and 248°, and 
gives off its water of crystallisation at 120^; dissolves slightly in water, chloroform, 
and benzol, easily in alcohol and ethers. Alkalis dissolve it, forming solutions of 
a fine rod colour, from which acids preeipitato it unaltered. From its sliglitly 
ammoniaeal solution, it is precipitated by alkaline earths and by many metallic salts. 
It dissolves in fuming nitric acid, and tho solution when diluted and evajxiratod, 
leaves a red mass, proi)ahly identical wdth the nitrofmngnlic aciil which CasNelmarm 
obt.iined, together with oxalic acid, hy the action of fuming nitric acid nw>n frangulin. 
Wmmo-f rangvlic acid, is precipitated on mixing an alcoholic s<jlution <>f 

frangulic acid with excess of bromine. It is a light-rod crystjillino mass composetl of 
short slender microscopic needles, sparingly soluble in cold alcohol. 

Dif ra7ignlic acid, — 1I"0, is formed in small quantity in 

tho preparation of frangulic acid from the hark of Hh-anmus Frangnla by boiling w'ith 
water containing soda, and may bo separated from the lead precipitates obtjiinetl in 
the course of the pieparation. It is very much like frangulic acid, but has a darker 
colour ; cry.stallisos w'ilh 2 mol. waU;r, which are given off at 120° ; melts nt 248®-2ii0‘^, 
that is to say nearly at the same Umiperaturc as frangulic acid. This coincidence 
of melting p<hnt appears to bo duo to tho circumstance that frangulic aci<l, at or a 
little below its melting point, gives off water and is converUHl inb) difrangulic acid. 

ntAmtl^XlS'XTXS. From an analysis by v. Koholl (Jahreyh. 1866, p. 922), and a 
now analysis by Ihimmelsbei^ {ibid, 1867, p. 979), this mineral apjanirs to liavo the 
general formula of tho spinels, MO.M-'O*. The moan of Ihimmclsberg’s analyses 
gave 60 05 p. c. Fe'-'O’, 12-23 Mn^O’, and 21 *88 ZnO, agreeing with the formula 
(‘^Mn0.fZnO).FoW. 

FRAXTy or FA.VXXXr. From a renewed examination of this suhstanca, obtained 
from horse-chestnut bark, Rochloder (i/. pr. Chan. xc. 433; Jahresb. 1863, p. 688) 
concludes that it has the composition 2C*'‘H"‘0‘®.H'^0, and that when hoat^si in a 
stream of carbon dioxide tx) 150° (more quickly at 200°) it gives off ita water, awl then 
cx>ntainH After crystallisation from hot alcohol, it is pure white, and gives 

of!’ its water at 1 10°-1 13°. Its dectnn position into fraxet i n and gluctjse is represented 
by tho equation : 

Ciajin'O’® + IPO = C’nPO* + 

Fraxfn. Fraxetln. Glucose. 

FRAXXXnrS. The leaves of tho ash-tree {Fraxinua excelsior) contain, according 
to W. Gintl {Zeitachr. f. Chem. [2] iv. 731 ; v, 377)» fut, pectin, a resinous txxly, 
optically inactive malic acid (partly free, pirtly as calcium salt), inosite, tnannlUs 
dextroglucose, and a gummy substance not yet examined. 

fruit, a. Dupr6 {Chem. 8oc. J. [2] v. 378) has examined tho variations in tho 
prfjpjiiions of acid and sugar which take place in the ripening of grapes. He finds 
that a considerable increase in the quantity of sugar is not attended with any essential 
alteration in the amount of acid ; whence it se^jms to follow that the sugar is not formed 
from the acid, but that the acid determines the formation of sugar from some other 
constituents of the fruit. 

Bestini (Bull. Soc. Chim. [2] vii. 236) has determined the qtiantities of water, 
(glucose), and acid in various dried fruits. The numbers in the column beaded * Acid 
indicate the volume in cub. cent, of a normal alkaline solution (containing 20 (Epamt 
•<8ia in a litre) which is neutralised by 100 grams of the fruits. 



624 


FEUIT. 



Water 

p.c. 

Glucose 
p. c. 

Acid 

C.C. 

Ordinary dry figs ...... 

34-38 

42-00 

105 

Figs a piece ...... 

43-36 

45-50 

6-2 

Marseilles figs 

32-67 

48-35 

6-3 

Dates (stoned) ...... 

30-18 

43-40 

2-8 

Dried currants (Corinth grajics) . 

34*64 ! 

53-97 

36-3 

Dry grajics (Zibibho) ..... 

37-83 

54-08 

17 3 

Dry pears * (from Farli) .... 

32-86 

23-93 

15-4 

Black Marseilles plums .... 

31-95 

23-28 

35-9 

White Italian plums ..... 

33-09 

31-95 

60-2 


Boussingault {Ann. Ch. Phys. [4] viii. 210) has examined the products of fermenta- 
tion of saccharine fruits. Having ohserved that the quantity of alcohol obtained by 
distilling fcriiieiite<l choiTy or x^lum juice, is ordy a fraction of that which corresxK)nds 
to the sugar contained in the substances subjected to ferine ntati on, ho endeavoured to 
ascertain the cause of this loss by a comparative estimation of the amount of sugar in 
the fruit, and of the quantities of sugar and alcohol in the products of the fermentation. 
Ill the following table (p. 625) the numbers marked a in the column lieaded ‘ Glucose' 
denote the sugar which directly reduces cupric oxide ; b that which is formed by heating 
with acids. The ‘ calculated ’ numbers denote the quantity of alcohol corresponding to 
the glucose which disappears in fermentatiou. The quantity of acid is expressed by 
its equivalent in hydrogen sulphate, All weights are given in grams. 

Out of 100 pts. glucose and other kinds of sugar contained in the fresh juice there 
remained undecomposod by the fermentation : 

Of Grapes Apples Damsons Mirabellcs Cherries 

10 to 3-4 2-8 to 167 7 7 to 8 5 0 to 18 35’2 to 38’4 pts. 

The fermented juice (1 litre) still contained the following quantities of sugar or 
saccharine subsUmcos : 

111 Wiuc Cider Damson Mirabell© Cherry 
wine wine wine 

4 to 8 4 to 8 6 to 7 12 to 19 40 to 46 grams. 

Boussingault surmises that the sugar in wine and cider may gradually disappear in 
consequence of a slow fornionbition, although it luid not sensibly diminished after the 
samjilos had been kept for a year or two. 

Grapes contain only glucose ; apjiles only glucose, with sometimes an invertible 
sugar (cane-sugar?) ; but the pulp of stone-fruits contains also non-fermentablo sub- 
stances. Cherries contain, besides glucose, a considerable quantity of a crysUillisable 
substance, which reduces p)tassio-cupric tartrate, and after treatment with acids is not 
fermented by yeast: hence it is found in tbo fermented juice. Damsons and mirnbelles 
contain a substance (gum ?) which is converted by acids into fermentable glucose 
(galactose ?), and appears also to undergo this change during the fermentation of the 
juice, as it disappears, x’artly at least, during that proceiis. Hence it follows tliat the 
estimation of glucose by means of potassio-cupric tartrate before fermentation may 
lead to tot ally erroneous results regarding the quantity of alcohol that may bo expected, 
unless it has been previously ascertained that the directly reducing substance is really 
formentablo sugar, and that the substance which reduces after treatment with acids is 
cane-sugar or an analogous body. 

The amount of acid in wine from the gra.pe is greater than that in must, whether 
the fermontiition takes jdaee with or without access of air; in other fruits, the quantity 
of acid diminishes in fermentation without access of air. The quantity of alcohol of 
the fermented product is in all cases less — probably in consequence of evaporation — 
than tliat which is cjvlculatod from the glucose which disappears ; a further loss (about 
10 p. c. of the alcohol formed) takes place in the distillation of cherry- and damson- 
brandy. Black cherries and the variety known as 7nirises contain in their sarcocarp 
the substances required for the formation of prussic acid, and therefore yield must and 
fermented prtxiiicts containing that acid, even if the kernels have been nreviously 
removed. Damsons and mirabelles, on the other hand (unless mixed witn bruised 
^ kernels), always yield a distillate free from prussic acid. In a litre of cherry-brandy 
^ Boussingault found from O' 120 to 0'183 grm. prussic acid. 

* The pears, for better preservatLon, bad been dipped in boiling water befoce drying : beoce the 
small amount o£ sugar. 




MHJIT. . 


G2S 


Firmmtatim-prodtieU Saedt«rin4 tVuita. 





Alcohol ; 
found. calc. 


Huteriol and Produot of Permantation 

Oluooee 


Acid 

GrapeM,. 





I, MuHt with Leo8 • 13'6 lit. 

Wine . . . 12 06 „ 

2472 22 

47-50 

1118*5 1239*3 
w90 p. c. 

94*23 

01*43 

II. Must without I.ees 2 lit. 

Wine . . . 1'933 ,. 

44694 

1531 

201*26 220*61 
••91 p. C, 

706 

8*36 

Applet, 





III. Must . . . 19037 grm. 

Wine . . . 17077 

183628 

135 05 

781*23 809-50 
-89 8 p. c. 

77*48 

71-44 

IV. Must with 72 c,c. 

yoast . • • 2 072 lit. 

Wioo * . e 1*810 „ 

20116 

566 

86 30 90*9 

— 86 p. c. 

8 14 

0 86 

Cherries, 





V. Cherry-pulp* 

without stones « 11 '6 lit 

After fermentation . 10*604 ,, 

3124 09 

1190 12 

902-40 983-80 
- 92 p. c. 

78*55 

75*20 

VI. Cherries with kernels 8520 grm. 

Alter fermentation . 8117 i« 

1340*23 

475*20 

394*14 446*72 
m 88 p. c. 

260 

8698 

Mirabellee.f 





VII, Pulp without kernels 2419'8 grm. 

(а) 226-791 

(б) 193 07 1 

429*03 

— 

19*21 

After fermenUtion . 2251*6 »• 

(а) 47-861 

(б) . 31*00 1 

78*86 

137*93 178*97 
»76 p. c. 

13*60 

2>ams<ms,f 





VIII. Pulp without kernels 6639*6 giro. 

(а) 604-6 

(б) 878-1 

1 822-6 

— 

47*01 

After fermentation . 6220*5 », 

(a) 42*20 
(5; 23 89 

1 66-02 

351*85 387*11 
— 01 p. e. 

8671 

Damson-juice, 





IX. Before fermentation 864*40 grm. 

(a) 61*31 
(5) 45 90 

107*21 

— 

622 

After fenneatation . 808*25 ,» 

(a) 4*69 
(5) 8*58 

8*27 

47*64 50*57 

-94 p. e. 

3^5 


* TiMBtmiMr 


g««it ftOMteaM (*4^. V. 


«w«et c i wcii CT (Mwrtef) ; VL OrdIjMrjr tOw mMM 

t WWMWW u« maim 

to tilt bottom i tlie j«M» tDonnid w«ia»^ 






rcCHSDliB-ttfBPDBOl. 

.t to. to to« ‘tojto bj *. Jtota. 

(jXTw J'bW W ™- »“■ *‘™'- ■'“• ^ 

.^nrAnfl A modification of cellulose suppoiSed by Blondean to exist 

(.■JIUSS to '» to " ”• “ “ 

(p. 419). r‘TT40*— This is an unsaturated acid containing 2 at. 

hZXltStoL. B..,rf«il.»to‘.llo.,toth..<.f.h.i»-» 

i:,d^tojdS“3sv prite..! 

while succinie acid remains in solution : 

2C'H*0‘ + Zn >= C'lI’Zn 0* + C H 0 . 

imOAXimi. This base, obtained by Peschier and 
fVmam o#ma«s, has ^ «3)* whrhoXOT!^L notdetem'ined its compsition. 

alcohol, chlorcifonn, benzol carbon bisulph de,^^^^^^^ 

rSl'uSty sTrot"^^^ 'Ue 

1^1 V. 599). furfuric alcohol is produced at the same time . 


2C‘H'0« + KHO = (yH’KO* + C«H«0» 

Furfurol. Pyromucate. »o 


and 

also 


The furfuric alcohol may be extracted from the product by agitation wth ether ; 
the iSlTe dScposed by sulphuric acid yields pyromuclo acid, which may then 

P. 586). furfuric al.hol 

the acttonof sodium-amalgam on furfuric (? 

brown viscid Uquid, insoluble in water and decomposed by distillation. 
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OASOXiXirXTB. This mineral has been regarded by some crystallographers as 
orthorhombic (Nordenskjold, Jahresh. 1859, p. 779; Scheeror, ibid. 1861, p. 988 ; 
V. V. Lang, Phil. Mag. [4] xxviii. 146), by others as monoclinic. Waago {Jahresh. 
1867, p. 986) found largo well-defined crystals from Uitteroe to be combinations of 
the monoclinic prism ooP with the pyramidal face P and several secondary faces, and 
having theclinodiagonal.othodiagonal, and principal axis in the ratio 0 6249 ; 1 : 1*3171 3. 
Lescloiseaux and Damour showed in 1860 {Ann. Ch. Phys. [3] lix. 367) that some 
variotieSs of gadolinito are monorefractive, some birefractive, and others mixtures of the 
two kinds. In a recent paper {Ann. Ch. Phys. [4] xviii. 306) Doscloizeaux reports : 
(1) That the crystals of gadolinite from Hitteroe, measured by himself and Waage, and 
analysed by Scheerer, have an energetic bi-axial refraction on two optic axes ; the 
orientation of these axes, that of their bisectrix, and their inclined dispersion, prove 
that the primitive form is an oblique rhomboidal prism (? triclinic) whose plane of 
symmetry is the same as that of tho axis ; this variety contains from 10 to 12 p. c. of 
glucina. (2) The most homogeneous of the Ytterby crystals measured by von Lang, 
and analysed by Berlin, are monorefractive; they exhibit a certain number of peculiar 
modifications, in addition to those shown in tho Hitteroe crystals, of which they are 
the pseudomorphs, and they do not contain glucina. (3) The heterogeneous specimens 
are forms in transition from the first to the second variety ; they contain from 2 to 6 
p. c. of glucina. These three kinds of gadolinite differ entirely in their symbolic 
chemical relations* The birefractive kind has tho formula 3M"O.SiO®; the mono- 

refractive is a sort of peridot© 2M"0,Si0‘‘* or Id^SiO*; and the transition-forms give an 
undecided result, the ratio between the oxygon of the silica and that of the bases vary- 
ing between 3 ; 4 and 4 ; 6. These differences of constitution probably originate is 
local circumstances. The Hitteroe mineral appears to bo assriciated with mali^ne 
and polycrase in a granitic vein composed of quartz, orthoclaso, and oligoclase (with a, 
little mica), and crossing the gabbro of which the ^eater part of the island of llitteroe 
is formed ; but that of Ytterby is chiefly accompanied bv yttrotantalite and fergusonite, 
and is imbedded over a red lamellar orthoclaso, divided bv large plates of black mica. 

On til© behaviour of gadolinito when heated, see Churen {Chem. Soo. J. [2j ii. 416). 

Oa£dzC ACZB. See Htpoo.cic acid. 

OAJ*BAirirBI. This resin fused with potash yields resorcin, C*H*0* (iv. 216). 

OABUC ACZB, C^H*0’, occurs, according to Phipson (CAew. .Yews, xx. 116j, 
together with ellagic and nucitannic acids, in tho episperm of walnute. Accorur 
ing to von Tieghem {C&mpt. rend. Ixv. 1091), the formation of gallic acid in a solution 
of tannic acid is especially promoted by the development of the spores of Penioillium 
glaucwm and AspergiUns nigtr^ the solution being expose^l to the air (p. 614). 
According to Bolley and Biihr {Zeitschr. f. Chem. ^2] iv. 601), gallic acid is produced 
from the tannin of the sumach by warming it with sulphuric acid. ^ , 

A solution of barium gallat© treated with excess of silver nitrate yields a black 
precipitate containing metallic silver, and the filtrate contains an acid which when 
separated by hydrogen sulphide from its lead salt, exhibits all the properties of querci- 
tannic acid (J. Lowe, J.pr. Chem. cii. HI » Jahresh. 1867, p- 446 ; see also Bnrfoed, 
ibid. p. 447). A certain portion of the gallic acid is at the same time converted into 
ellagic acid, the ^eater part of which however undergoes ftirther oxidation ; but by 
using arsenic acid as the oxidising agent, ellagic acid may be obtained in considerable 
quantity. Its formation from gallic acid is represented by the equation : 

Qu^itQi* + o - + 8H*0 

(Lowe, Zeitschr. /. Chem. [21 iv. 608). , ^ * 

When the solution of acid bariran galUte, (pm*(yyi^ (ii. 761), is saturated with 
baryta-water, a white precipitate is formed which quickly turns blue in contact wi^ 
the air; but if the precipitation and washing with de-^rated watw be perlDM^ied in 
an atmosphere of hydnogen, and the precipitate quickly dried in a Tacunm oVNf 

8 s 2 
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flulpbunc acid, it exhibita (at 150®) the composition C^H*Ba*0* ; hence ^llio acid 
ap^rs to be quadribasic. In the air>dned state this barium salt contains 6 mol. 
or 17 p. c. water (Hlasiwetz, J. jpr. Chem, ci. 113). 

‘SromogttUle A.ald« When gallic acid is triturated with bromiqe, a brisk action 
takes place, hydrobromic acid is evoly^l, and mono- or di-bromogallic acid is formed, 
according to the proportion of bromine used (Grimaux, BulL Soc, Chim, [2] vii. 
479). 

Monohromogallic act'd, C’H^BrO*, ciystallises by spontaneous evaporation of 
the aqueous solution, in small, transparent, yellow, hexagonal plates, becoming white 
and opaque at 100®; from a hot-saturated solution it crystallises in needles. It is 
easily soluble in boiling, sparingly in cold water, soluble also in alcohol and in ether; 
melts above 200® without decomposition ; oxidises easily in the air, and is coloured 
successively rose-red, greenish, and, orange-yellow by lime- or baryta-water, orange- 
yellow by ammonia or potash, black by ferric chloride. 

Bihromogallic acid^ C’H'‘Br*0* (at 135®), is obtained by triturating gallic acid 
with excess of bromine (2 or 3 pts.) and dissolving the product in three times its 
weight of boiling water; it is formed also in the preparation of the monobrominatod 
acid and crystallises out after the latter. It forms long, brittle needles or prismatic 
laminae, which retain 1 mol. water at 100®. Dissolves slightly in cold, more easily in 
boiling water, in ether and in alcohol, is coloured rose-red, light green, and dark red 
by lime- or baryta-water, indigo-bluo in ethereal solution by baryta-water, and then 
TM by water. Ammonia and potash form with the acid an orange-yellow solution 
becoming rose-red on dilution ; with ferric chloride it forms a black-blue liquid 
(Grimaux). According to Hlasiwetz {Bull. Soc. Chim. ix. 601), dibromogallic acid 
forms with ferric chloride a splendid violet-blue solution, with ammonia a fiery-red 
solution afterwards turning brown, and with baryta- water a precipitate which turns 
blue on agitation. 

OjUMBOOII (Hlasiwetz a. Barth, Ann. Ch. Bharm. cxxxviii. 61 ; Jahresh. 1866, 
p, 628^.“- ^This gum-resin, purified by solution in alcohol, filtration, distillation, and 
precipitation of the residual liquid with water, froths strongly when fused with potash, 
giving off vapours smelling like lemon and balm. The fused mass, almost wholly 
soli^do in dilute sulphuric acid, contains (besides much acetic and apparently also 
butyric acid) four piquets soluble in ether — viz. phloroglucin; a crystallised acid not 
precipitated by neutral lead acetate ; a crystalli sable and an uncrystallisable acid, both 
of wnich are precipitated by lead acetate. To separate these products : a. The aqueous 
solution of the residue from the ether-distillation is neutralised with sodium carbonate 
and then agitated with ether, which dissolves the phloroglucin (6 to 8 grm. from a 
pound of gamboge). — fi. The liquid filtered therefrom is warmed, acidulated with 
sulphuric acid, and then exhausted five or six times with other. The residue of this 
ethereal extract is dissolved in water and precipitated by neutral lead acetate. The 
white bulky precipitate A contains the two precipitable acids ; the liquid B filtered 
therefrom contains the third non-precipitable acid. The lead precipitate A and the 
liquid B are decomposed with hydrogen sulphide, the lead sulphide is washed with 
boiIin|^ water, and ^e filtered liquids are evaporated. The filtrate thus obtained from 
the liquid B still contains, however, a small quantity of the acids precipitable by lead 
acetate, inasmuch as part of the precipitated lead salt is redissolved by the liberated 
acetic acid. 

The liquid from the lead salt A, evaporated to a syrup and left to itself for several 
days, yields grwular crystals, whilst the other amorphous syrupy acid (not obtained 
pure) remains in the mother-liquid. The crystallised acid is isomeric with uvitic acid, 
C*H*0^ (v, 971), Mid is therefore called iso-uvitic acid. After recrystallisation 
from boiliztg water with aid of animal charcoal, it forms rather thick, short, prismatic 
ciystalB belonging to the rhombic system, often with saddle-shaped faces. It has a 
strong acid taste and reaction, melts without loss of water at 180°, and solidifies again 
in the crystalline form. Its ammonium tali forms very deliquescent laminse ; the 
oahium salt ciystallisee from a solution of the ammonium salt mixed with calcium 
chloride in spherical aggregates ; another (probably acid) calcium salt is formed by 
saturating the acid with calcium carbonate. The barium salt C^H*BaO^ crystallises in 
shining scales ; the cadmium salt (C*H'0*)*Cd 6H*0 in warty groups of short 

prisms ; the si/oer salt C”H’AgO* is a bulky precipitate sparingly soluble in cold water, 
not altered by light. 

The acid not precipitable by lead acetate obtained from the liquid B, is pyrotar- 
taricacid, 

OAmmm, BJMOmvnoar OV. t. my X«tqmiaa.--Kbanikoff a. Lougnhiliw 
CA Phgs, [4] xi. 412) have shown that the absorption of carbon dioxid* 
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water at a constant temperature is not exactly proportional to the pressure 
(aee p. 404). ^ On the absorption of carbon dioxide by solution of sodium phoephato, 
see Heidennain a. Meyer (Ann. Ch. Pharm. Suppl. ii. 167 ; Jdhresb. 1863, p. 92). 

H. Deicke (Pifffff. Ann, cxix. 156) has determined the absorption-coefficient of 
hydrogen chli^ride for water at different temperatures. The results, calculated 
for a biometric pressure of 760 mm., are given in the following table : 


Temperature 

Absorption- 

coefficient 

Percentage of HCl 
in solution 

Specific gravity 
of aolutton 

o 

0 

525 702 

45*148 

1-2257 

4 

494-722 

44-361 

1-2265 

8 

480-288 

43-828 

1-2185 

12 

471-336 

43-277 

1-2147 

14 

462-376 

42-829 

1 2074 

18 

461-222 

42-344 

1-2064 

18-25 

450-660^ 

42-283 

1-2055 

23 

436-034 

41-536 

1-2013 


The experiments of Roscoo (Chem. Soc. Qu. J, viii. 14) have shown that the 
constituents of a gaseous mixture are not always absorbed by water in the proportions 
r«Mjuired by Dalton's law of partial pressures (ii. 800). This subject has been further 
examined by W. M. Watts (Ch^7n. Soc. J. [2] ii. 88), who finds that the quantity of 
ammonia absorbed by water from a mixture of ammonia and air, and that of 
sulphurous oxide absorbed from a mixture of that gas with carbon dioxide, agree 
with the law of partial pressures. The same chemist has confirmed the fact, 
previously observed by Eoscoe and others, that the quantities of ammonia and 
sulphurous oxide absorbed by water under different pressures do not vary directly as 
the pressure. 

JBortholot has made the following observations on the absorption of gasof by 
solutions of metallic salts : 1. Ammoniacal cuprous chloride directly absorbs 

oxygen, carbon monoxide, acetylene, ethylene, allylone, propylene (slightly) ; it does 
not act immediately on nitrogen dioxide. — 2. A solution of ferrous sulphate in 
sal-ammoniac and ammonia rapidly absorbs, as is Well known, oxygon and nitrogen 
dioxide, but does not act upon acetylene, allylone, ethylene, propylene, or carbon 
monoxide. — 3. A solution of chromous sulphate in sal-ammoniac and ammonia 
absorbs oxygen, nitrogen dioxide, acetylene, and allyleno, but does not act upon carbon 
monoxide, ethylene, or propylene. 

2. Absorption of Oases and Vapours by Charcoal. J. Hunter (Phil. Mag, 
[4] XXV. 364 ; xxix. 166) finds that different kinds of charcoal absorb gases m different 
proportions, cocoa-nut charcoal being the most absorbent of all. In the following 
table the numbers placed opposite the names of the several gases indicate the volumes 
of gas (reduced to 0° and 760 ram.) absorbed at ordinary temperatures by 1 volume 
of charcoal ignited and quenched under mercury, the numbers in the first column 
relating to cocoa-nut charcoal, those in the second to Campeachy-wood charcoal, those 
in the third to charcoal from vegetable ivory : 


Ammonia . . . 
Cyanogen . . . 

Nitrogen dioxide , 
Methyl chloride . 
Methyl oxide . . 
Ethylene . . . 


1717 — 1301 
107*5 — ~ 

86 3 — — 

76-4 — — 

76-2 898 647 
74 7 — — 


Nitrogen monoxide 
Hydrogen phosphide 
Carbon dioxide 
Carbon monoxide , 
Oxygen .... 


. 706 — — 

. 69 1 27*5 — 

. 677 — * — 

, 21*2 — — 
. 17*9 1007 — 


The experiments with hydrogen phosphide and with oxygen did not give rwry 
accordant re^ts; in the ease of oxygen the discordance probably arose ffom 
formation of carbon dioxide. 

Hunter has also determined the absorotive power of oocoa-nnt cMrcoal for a 
considerable number of vapours (Chem, Soc, J. [2] iii. 265 ; v. 160 ; vi. 1S6). The 
substance to be converted into vapour Was enclosed in glass bulbs, whidti were 
introduced into a gradtiated tube filled Vith warm mercury. This tube stood in a 
mereuty trough, and its uppef part was surrounded by a glass vessdi, into which ths 
vapour of amyl alcohol (boiling at 127®-18l®). or of tuimentine oil (at 1699-161% 
was introduced for the porpose of beating the vapours. For higher temperhtufsi, the 
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fflass vessel was replaced by a copper bath containing paraffin, the upper part of the 
absorption-tube passing through an aperture in its base. When the Jiquid rn the 
bulb was completely conrorted into vapour, the pressure and volume of the vapour 
were read off; and the charcoal heated to redness out of contact with the air was plunged 
into the mercuiy and then introduced into the absorption-tube. At the end of the 
absorption, which takes place much more quickly than with permanent gases, the 
temperature and pressure were again determined. 

In Table I., V denotes the number of volumes of vapour absorbed by 1 vol. of 
cocoa-nut charcoal ; T the mean of the temperatures at the beginning and end of the 
experiment ; P the pressure at the beginning ; and P' that at the end of the absorption. 
In Tables II. and III., T denotes the mean of the temperatures at the beginning 
of the several experiments ; T' that of the temperatures at the end of the absorption ; 
V, P, and P' have the same significations as before. 

A comparison of the numbers found in the case of mixed alcohol and water vapours at 
different temperatures (Table III.) shows that the absorption is greatly increased when 
one of the vapours is at a temperature near to its point of condensation. Thus at 100^ 
one volume of cocoa-nut charcoal absorbs 187‘2 vol. of a mixture of alcohol and water 
vapour in equal volumes, and 255*4 vol. of a mixture of 1 vol. alcohol -vapour and 3 vol. 
water-vapour ; at 160°, on the other hand, the absorption diminishes with the increased 
proportion of water, from 68*1 to 37 '6. At the higher temperature, in fact, both the 
alcohol and the water are absorbed as vapours, and the alcohol is absorbed in larger 
proportion than the water: hence the diminished absorption of the miied vapour 
with the increase in the proportion of water; but at 100° a portion of the water- 
vapour absorbed by the charcoal becomes liquefied, and the water thus formed within 
the pores of the charcoal absorbs a considerable quantity of the alcohol -vapour, this 
effect of course increasing with the proportion of water-vapour in the mixture. The 
alcohol- vapour in this case is absorbed partly by the charcoal, partly by the water 
condensed within its pores. In accordance with this view, it is found that vapour of 
water mixed with gaseous ammonia (as obtained by heating aqueous ammonia) is 
much more largely absorbed than either ammonia gas or water-vapour separately 
{Chem. Soc. J, [2] viii. 73). 

In a recent jpaper {ibid. ix. 76) Hunter has further examined the effects of pressure 
on the absorption of gases by charcoal. 


Table I . — Absorpiioji of Vapours by Charcoal. 






V 

T 

P 

F 

Water , 




43*8 

127*5 

mm. 

629*1 

mm. 

623*5 





23*7 

158*8 

692*3 

694*3 

Carbon bisulphide 




91*2 

157*8 

658*1 . 

668*6 





117*2 

100*0 

671*0 

671*2 

Methyl alcohol . 




60*5 

168*8 ' 

686*0 

683*8 

»» M * 




126*6 

127*7 

681*3 

662*9 

If II * 




150*7 

100*0 

663 3 

661*6 

II 11 • 




153*4 

90*6 

707*6 

708*6 

Amyl alcohol 




27*8 

1591 

6889 

690*4 

Ethyl alcohol 



. 

83*4 

168*7 

666*2 

663*1 

II It ‘ 




1108 

126*5 

664*6 

6443 

II II * 




141*1 

100*0 

663*8 

652*3 

>1 11 • 




145*8 

89*5 

707*2’ 

710*2 

Benzene 




68*7 

129-0 

660*6 

645*6 

Ether . 




54 3 

1590 

686:6 

683*6 

u * • • 




68 3 

127*8 

664*4 

660*8 

« * • 




87*0 

100*0 

648*1 

643*4 

Chloroform 




20*8 

168*6 

667*6 

660*2 

II • • 




29*6 

1000 

646*7 

650 7 

Acetic acid . • 




83*1 

1687 

684*4 

875*9 

Ammonia . . 


• 


21*9 

126*2 

i 661*0 

655*4 

Carbon dioxide . 


• 


16*6 

126*5 

683*0 

686*9 
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' ll,’--Ah8orpti<m of Vapoura Cocoa-nut Chat^oaL 


(>3I 






V 

T 

T 

P 

V* 

Aniline • • 




110*7 

196-8 

199-1 

mm. 

603-3 

mm. 

692-0 

Phenol . . 




102*0 

195*3 

194-0 

697-1 

686-0 

JBitter Almond oil 




101*1 

196*7 

196-6 

670-8 

661 ’6 

Butyric acid . 




84*3 

197*3 

197-5 

688-1 

670-0 

Kthyl butyrate , 




74*9 

197*2 

195-8 

600-6 

694*1 

Oil of turpentine 




48*0 

195*3 

193*0 

688-3 

681-2 

Valeric acid 




41*2 

197-8 

197*3 

581*6 

674-5 

Aldehyde . 




66*6 

154*3 

155-0 

683-9 

686*8 

»t • 




138*7 

100-0 

100 0 

687*1 

680-8 

Ethyl acetate 




71-6 

154-1 

153-6 

691-7 

678*7 

»i • 




116*0 

100*0 

100-0 

676-4 

665-2 

Acetone 




080 

156-0 

156-8 

601 1 

671-4 

l> * * 




104-6 

100-0 

100-0 

654-6 

641-9 

Ethyl nitrite 




C3-6 

1000 

1000 

660-8 

660-6 

Ethyl chloride , 




60-4 

100-0 

100-0 

672-5 

668-4 

Formic acid 




30-7 

156*4 

158-3 

696-7 

689-1 

Amylone 




18-4 

166-3 

165*5 

652-6 

652-4 

Carbon tetrachloride 




3*7 

154-6 

154-5 

098-3 

G94-5 

»» tt 




3-9 

100 0 

100*0 

682-4 

635-8 

Ethylamine * 




60*7 

186*3 

184-4 

611-8 

590-8 




91-7 

147 9 

146 8 

674-2 

660-9 





124 6 

100-0 

100-0 

704-6 

688-3 

Triothylamine 




34-6 

182-4 

.182-7 

681-2 

574-9 

Ethyl iodide 

Methyl acetate . 




36-2 

100-0 

lOO-O 

697*7 

691-8 




96-9 

100-0 

100-0 

685*2 

661-0 

Ethyl oxalate 




66-2 

194-5 

.196-5 

580-8 

576-4 

Salicylol 




38-3 J 

197*0 

197*5 

688*7 

585-4 

Sivlicylic acid 




42 9 

230-1 

229-9 

690-7 

570-5 

Amyl iodide 




12-2 

161-4 

162-3 

678-2 

676-5 

Naphthalene 




80*2 

.230-2 

230-7 

696-6 

672-3 

Camphor . 




25-3 

226*1 

226-4 

621 6 

614 0 

Nitrobenzene 




45-6 

225 3 

225-6 

686-3 

663-0 

Carbon bisulphide 




81*7 

.191-7 

J91-3 

690-3 

664-4 

Acetone 




62*4 

190-0 

190-9 

562-0 

660-2 

Ethyl alcohol 




87*0 

166-2 

157-5 

711-2 

699-7 




72-9 

191-5 

191-1 

679-1 

544-9 

Methyl alcohol , 




47-3 

191*5 

192-3 

615-3 

587*7 


Tablb llh—Abaorption of Mixed Vapours, by Cocoa-nut Charcoal. 



V 

T 

T 

P 

F 

10 C.C. Alcohol + 4 C.C. Water . . 


182-2 

100*0 

100-0 

696-3 

666-9 

10 c.c. Alcohol + 10 C.C. Water . . 


187-2 

100-0 

100-0 

723-2 

686-2 



58-1 

168-2 

168*9 

702*1 

.691-9 

10 c.c. Alcohol + 20 c.c. Water . 


246-1 

100-0 

100 0 

7206 

675'6 

f »»»»*• 


47*8 

168*6 

159-1 

704-8 

694-0 

10 C.C. Alcohol + 30 cx. Water . 


255*4 

100-0 

100-0 

700-4 

672*4 



87*6 

159-4 

160-2 

700-9 

700-9 

10 c,c. Me*^yl alcohol + 10 c.c. Water 


226-1 

100-0 

100-0 

695-0 

680-3 



53*6 

159-8 

160-4 

713*8 

709-0 

10 C.C. Methyl alcohol + 20 c.c. Water , 


261-8 

100-0 

100-0 

708-9 

688*2 

If ft ^1 * 


48-4 

160-2 

162*0 

719-6 

708-7 

10 c.e. Aloobol + 10 c.c. Acetone 


73-9 

159-5 

160*8 

7084 

683*3 

10 C.C, Alcohol + 80 C.C. Acetone . 


72-4 

160*5 

162*2 

704-8 

689*0 

10 c,c, CCl* + 10 C.C. Alcohol 


73-6. 

160-1 

161*4 

699-2 

687*1 

30 CfC, CCl* -f 10 e.e. Alcohol . 


43-4 

159-8 

160*7 

714*0 

.708*0 

10 C.C* C 8 * + 20 cc. Alooh?! V .r • - 


88*6 

1^0-3 

162*8 

697*9 

679*0 

i 
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Reichardt a. Blumtntt (J. fr. Chem, xeviu. 418; Jahresb. p. 63) have 

determined the quantity and composition of the gas absorbed by Tarions diy 
substances on ea:poBnre to the air, and expelled from them by heating. The results 
show that the quantity of the absorbed gtmes which can be expelled by heat is very 
diflferent for different substances, and varies in the same substance according to the 
degree of moisture. The expelled gases mrely exhibit the proportions existing in 
atmospheric air (as in the case of gypsum), the nitrogen being m almost all cases 
greatly in excess, whereas oxygen appears to be but sparingly, absorbed by the greater 
number of bodies. [It is probably in many cases absorbs by the solid body, and 
enters into combination with some of its constituents : charcoal and vegetable mould, 
for example, may absorb oxygen from the air and afterwards give it out in the form of 
carbon dioxide.] Carbon dioxide, on the other hand, appears to be an almost invariable 
constituent of the absorbed gases, and is taken up in especial abundance by ferric 
oxide, alumina, and clay. Ammonia was found only in very small quantities ; carbon 
monoxide only in organic detritus and in charcoal. Nitric acid also was but rarely 
found, and when present appeared to be in the form of salts. The following table 
exhibits the mean results of numerous experiments : 



Gases 

100 vol. of the Qaees 


from 

100 grm. 

from 
100 vol. 


contained 



in c.o. 

in vol. 

N 

0 

CO* 

CO 

Charcoal from Pine-wood 

164-21 

# 

100 

0 

0 

0 

„ „ Populus pyramidalia 

466-95 

196*4 

8360 

0 

16 50 

0 

,, „ Eraxinus excelsior . 

437 00 

159-0 

7603 

14-87 

9-10 

0 

„ „ Alnus glutinosa 

287*07 

109-9 

88*27 

0 

5-42 

6-31 

Animal charcoal .... 

84-43 

91-3 

64-19 

0 

45-81 

0 

„ „ purified with hydro- 

chloric acid 

178-01 

102 3 

93-66 

0 

6-34 

0 

Feat ...... 

162*58 

— 

44-44 

4-60 

60-96 

0 

Moist Garden soil .... 

13-70 

19 9 

64-34 

2-86 

24-06 

8-75 

Air-dried Garden soil « 

38-28 

63*6 

64-70 

2-04 

83 26 

0 

Air-dried Ferric Hydrate 

375-54 

308 6 

26-29 

3-85 

6986 

0 

The same gently ignited . . . 

39-88 

666 

64-86 

11-69 

23*66 

0 

Alumina, air-dried * • . 

69-02 

82 0 

40-60 

0 

69-40 


„ dried at 100° • . . 

10-83 

13-6 

; 83-09 

16-91 

0 

— 

Manganese dioxide • » . 

10*69 

26*9 

69-86 

10-00 

30-14 

— 

Lead oxide . . « . . 

7*38 

24*4 

90-17 

983 

0 

— 

Clay 

82*89 

— 

64 72 

20-83 

14-46 

— 

„ after prolonged exposure to air 

25-68 

39-05 

70 17 

4-71 

25 12 

— 

Air-dried room-dust 

40 63 

1 48-07 

1 67*69 

0 

18-61 

13-70 

Precipitated Calcium Carbonate 

66-09 

— 

i 80 81 

19-19 

0 

— 

Barium Carbonate .... 

16*77 

30-8 

86 66 

13 44 

0 

— 

Strontium „ .... 

64-09 

68-6 

83-68 

13 39 

3-03 

— 

Magnesium „ • • • • 

729*21 

124-9 

83 92 

6*72 

29-36 


Finely pounded Gypsum 

17*26 

1 

80*95 

19-05 

0 

i 

— 


3. Absorption, and 3>laiytlo Separation of Oases bjr Oolloldal Septa 
and by Metals. 

1 . By C a o u t c ho u c : The experiments of Mitchell in 1 83 1 showed that different gases 
are absorbed by caoutchouc, and capable of passing through it with different degrees ^ 
of facility (ii. 818). These phenomena have recently been investigated with great 
care by Graham (J%i^. TVtins. 1866, p. 399; Chem. 8oo. J. [2] v. 235). The per- 
meability of thin membranes of caoutchouc by diffbrent gases, passing through it 
either into a vacuum or into other gases, was measured by means of a diffusiometer 
consisting of a glass tube 1 metre long and 22 mm. in diameter, open at the lower end 
and closed at top by a thin plate of gypsum, over which the caout^one membrane was 
fastened with copper wire and cement^ to the glass with fused gutta-percha. If such 
a tube be filled with mercury and inverted, a Torricellian vacuum is formed in the 
upper part, into which the atmospheric air gradually penetrates, passing through the 

^ !|Phe Bsik — flgnUks Msrfrtrraifaid. 
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CRontehoue film, and depressing the mercurial column. To compaio the jpenetrating 
power of difierent gases, a hood of thick vulcanised caoutchouc, provided with a smail 
entrance- and exiMube for gas, is placed over the up^r end of the difhisiometer, and 
cemented to it with fused gutta-percha. The gas to do operated on can thus be con- 
veyed from the generating apparatus or from the gas-holder into the hood or upper 
chamber of the difiusiometer, and the excess of gas may be allowed to esca^ by the 
exit-tube. The stucco-plate used as a support to the film of caoutchouc, being very 
porous, and having no absorbing power for gases, does not add sensibly to the resistanco 
experienced by the gases in passing through the caoutchouc. By means of this apparatus 
equal volumes of dififerent gases were found to pass through tue caoutchouc membrane 
in the times indicated in the following table : 

CO« II O CH* Air CO N 

Times . . 1 2 470 6*316 6 320 11-860 12208 13-686 

The volumes which pass through in equal times — that is to say, the velocities — are 
tlierefore as follows ; 

CO* H 0 CH* Air CO N 

Velocities . 13*686 6*600 2*666 2*148 1*149 1*113 1 

These numbers do not exhibit the relation of the coefficients of gas-diffusion, and 
therefore show that dialytic penetration is a process essentially different from diffusion, 
in which nitrogen, for example, penetrates a septum loss quickly than the heavier 
oxygon. They therefore show also that thin membranes of caoutchouc do not possess 
the porosity of paper, plates of gypsum, or artificial graphite (ii. 818), earthenware 
tubes, or even gutta-percha, and that they consequently completely arrest the molecular 
difflision of gases. The permeation of caoutchcmc and other colloidal membranes by 
gases appears to takes place in this way t the gas is first absorbed by the colloidal 
substance, passes into the liquid state, as when it is absorbed by water, and in that 
state penetrates the membrane, and volatilises into the vacuum or the ^eous 
atmosphere on the other side. A lump of caoutchouc immersed for several days in 
pure oxygen was actually found to absorb 6*82 p. c. of its volume of that gas* The 
permeability of caoutchouc by gases increases with rise of temperature. Thus the 
quantity of atmospheric air which passed in a minute through a square metre of silk 
cloth coated on one side with caoutchouc, into a vacuum, was 0*60 c.c. at 4®, 2*26 c,c. 
at 14®, and 6*63 c.c. at 60® (all the volumes being reduced to 20® and 760 mm.). 
These values appear however to vary to some extent with the time during which the 
particular temperature is kept up, the change in degree of softness of the caoutchonc 
with change of temperature requiring hours or even days to complete it. The retentive 
power of caoutchonc for gases appears also to be modified by its softening by heat. 
Caoutchouc saturated with a gas, and then made rigid by cold, gives up the gas, but 
very slowly, when subsequently warmed in contact with the air. 

When a very thin caoutchouc balloon filled with hydrogen or carbon dioxide is 
exposed to the air, it contracts, because the gas which escapes outwards is replaced by 
a smaller volume of air ; and as oxygen passes through the caoutchouc more quickly 
than nitrogen, the air which has entered the balloon is found after a certain time to 
be richer in oxygen than atmospheric air. Thus when a balloon filled with hydrogen 
was exposed to 3ie air for three hours, the gas within it was found to consist of 8*98 
oxygen, 12*60 nitrogen, and 78*42 hydrogen, giving a proportion of 41*6 voL oxygen 
to 68*4 vol. nitrogen ; a balloon filled with carbon dioxide and exposed to the air for 
four hours was found tb contain (after absorption of the residual, carbon dioxide) 
37*1 vol. 0 to 62*9 vol. N. Similar results wefe obtained by dialysis into the vakmum 
of the ^filhsiometer. When the balloon is left exposed to the air for a considerable 
time, the proportion of the oxygon to the nitrogen within it diminishes and ultimately 
sinks to tae normal vahie. 

The process of dialytic separation by caoutchouc fittay be varied in three points : 
(1) in lie condition of the septum, which may consist of a film of caoutchouc formed 
from caoutchouc varnish, or of distended sheet caoutchouc ; (2) in the nature of the 
support given to the septum, which may be a backing of cotton cloth or of silk, as well 
as a plate of stucco, earthenware, or wood ; and (8) m the means employed fbr sus- 
taining a vacuum, or at least a oonsideiable degree of exhaustion, on one tide of the 
dialytic septum, while atmospheric air or any other gaseous mixture to be di sJyis d hae 
accese to the oth^r side. A very convenient exhauster lor the purpose is Sprengers 
mercury -purop, hainiig its vertical tube turned up at the end foe the purpose of 
ferrii^ the gasoi from one vess^ to another, as in Oie apparatiis ifoi waler-naalysis 
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figimxl in toI. t. p. 1030. The sir to be dialysed may also be compressed on one side 
of the septum, and left of the usual tension on the other side. 

A large number of experiments made under these several conditions showed that, 
under given circumstances, the dialytic transfer is accelerated by rise of temperature, 
and retarded by increased thickness of the membrane. 

The quantity of air which passed through a square metre of surface of a caoutchouc 
balloon 0114 mm. thick was 16'9 c.c. in a minute ; through an equal surface 1 mm. 
thick, 19-2 c.c. in an hour, or 0*32 mm. per minute ; and through an elastic air-cushion 
(vulcanised caoutchouc between two sheets of cotton), 44*96 c.c. in an hour, or 0*749 
c.c. per minute. 

The usual proportion of oxygen in air once dialysed by caoutchouc is about 41 *6 p. c. : 
it may be described as air deprived of one-half its usual proportion of nitrogen ; but a 
second and a third dialysis would not increase the amount of oxygen in the same pro- 
portion, inasmuch as only half the residual nitrogen would bo removed at each opera- 
tion. The practical problem suggested by the air-dialyser is to attain the means, on a 
large scale, of reducing to one-half or so the proportion of nitrogen in atmospheric 
acid. Such air will rekindle a glowing slip of wood, and might be applied to many 
useful purposes. 

On thp permeability of caoutchouc for gases, see also Aronstein a. Sirks {Zeitschr, f, 
Chem. [2] ii. 260 ; Jahresb. 1866, p. 62). 

2. Action of Metallic Septa at a Rrd Heat. — Devillo and Troost in 1863 {Compt. rend. 
Ivi. 977 ; Ivii. 894, 965 ; Jahresb. 1863, pp. 23, 26) showed that platinum and iron at 
a red heat are permeable to hydrogen gas. Graham has confirmed this result and finds 
that red-hot platinum is very much more permeable to hydrogen than caoutchouc at 
ordinary temperatures. A square metro of sheet caoutchouc 0*014 mm. thick allowed 
127*2 C.C. hydrogen gas to pass through it at 20° in a minute, whereas through an 
equal surface of platinum tube 1*1 mm. thick at a bright red heat, 489*2 c.c. hydrogen 
passed in the same time. Oxygen, nitrogen, chlorine, hydrochloric acid, carbon dioxide, 
carbon monoxide, marsh gas, and ethylene, as well os aqueous vapour, hydrogen sul- 
phide, and ammonia, are not capable of passing through red-hot platinum, the last two 
perhaps because they are decomposed at that temperature, and only hydrogen passes 
through the metal. For nitrogen, in presence of hydrogen, platinum appears to be 
permeable to a slight extent. 

This peculiar action of platinum maybe explained to a certain extent by its 
property of absorbing hydrogen at a red heat and retaining it for an indefinite length 
of time at lower temperatures. To demonstrate this property, designated by Graham 
as * occlusion,’ the metal to be examined, in the form of wire or fragments, is placed 
within a porcelain tube glazed inside and out, connected at one end with a Sprengers 
vacuum apparatus (as in fig. 823, vol. v. p. 1030), and at the other with a gas- 
generator or gas-holder. The tube, having been exhausted, is gradually heated to red- 
uess, while a copious stream of hydrogen (or other gas) is passed throi^h it, and after 
prolonged ignition, is left to cool slowly. Finally the unabsorbed gas is expelled by a 
stream of air; the tube is again exhausted and heated to redness ; and the gas thereby 
ex|Mlled from the metal is collected and measured. 

Platinum wire (drawn from fused platinum and cleansed by washing with caustic 
alkali and water) gave off, after an hour’s agitation in a vacuum, 01 7 vol. hydrogen to 
1 vol. platinum (mean of 4 experiments) ; platinum-sponge similarly treat^ gelded 
1-4S vol.; old wrought platinum (not origmaUy fused), 3*83 to 6*63 vol. hydrogen ; 
platinum foil at 230° took up 1*46 vol., and between 97® and 100®, in three hours, 0*76 
vol. hydrogen. The appearance and lustre of the platinum are not altered by this 
absorption of hydrogen, but after its expulsion the metal appears white and blistered. 

.Palladium exhibits a much higher absorbing power for hydrogen. In the form 
of foil, after recent ignition in a vacuum, it takes up, even at ordinary temperatures, 
376 times its volume of hydr^en ; at 90® to 97°, 645 vol. ; at 246°, 626 vol. The 
spongy metal obtained by igniting palladious cyanide absorbs 686 times its volume at 
l!W0® |^foil beaten from -the fused metal, only 68 vol, ; and an alloy of 6 pts. palladium 
and A'Tf^ts. ailver absorbs 20*5 vol. at a dull red heat. The absorbed hydrogen is given 
off, partly at ordinoy temperatures, quickly at a red heat. In this absorl^ and con- 
densed state the hydrogen appears to possess intensified affinities, inasmuch as the 
palladium which has absorbed it reduces ferric to ferrous salts, ferricyanides to ferro- 
cyanides, and in contact with c^ueous chlorine or iodine, forms hydrochloric or bydri- 
cmie acid. These proi>erties, viewed in connection with the power which paUamum 
possesses of absorbing perceptible quantities of different liquids, were regarded 
Graham os tending to support the assumption that the hydrogen thus absorbed passes 
, ii|tQ the liquid .state. The abiroiptive power, of paUaf^nin for hydrogen is relat^^to 
its permeability by that gas, though the two properties are not exactly proporiioikfi 
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one to the other. PaUadium foil is not permeable at ordinary temperatures to hydro- 
gen, though it is BO to ether-vapour. A wrought palladium tube having its sides 1 mm. 
thick began to give pass^e to hydrogen tl^ugh its substance at 240° ; at 266°, the 
quantity of hydrogen which passed in a minute througli a square metro of its surface 
amount^ to 327 c,c., and at a heat near redness 423 c.c. When the tube was 
surrounded with an atmosphere of coal-gas, nothing but pure hydrogen penetrated the 
palladium, the other (^nstituents of tho gaseous mixture remaining without. 

Granules ofosmiridiumdo not absorb hydrogen. Copper at a red heat, in the 
form of sponge absorbs 0 6 vol., in tho form of wire 0-306 vol. (wrought copper ignited 
in a vacuum gives off, together with the hydrogen, small quantities of carbon mon- 
oxide). Goldin the form of assay-cornets, which had been recently ignit-ed, took up 
0‘48 vol. hydrogen, 0*29 vol. carbon monoxide, 0-16 vol. carbon dioxide, when heated 
in these gases; heated in atmospheric air, it took up fiv»m 019 to 024 vol. of a 
gaseous mixture in which nitrogen was the prevailing constituent. Pure s i 1 v er in the 
form of wire (which when heated alone gave off 0 ‘29 vol. of nearly pure carbon dioxide) 
absorbed at a rod heat 0*211 vol. hydrogon, 0 746 oxygen, and in atmospheric air 
0*646 vol. oxygen. Fritted silver obtained by reduction of tho oxide exhibited a 
greater absorbing power, taking up from 6*15 to 7‘47 vol. oxygon, 0*907 to 0*938 vol. 
hydrogen, 0*486 to 0*545 vol. carbon dioxide, and 015 vol. carbon monoxide, when 
heated to redness in these gases. Pure thin silver-leaf ignited in air absorbed 1*37 
vol. oxygen, 0*20 vol. nitrogen, and 0 04 vol. carbon dioxide. This oxygenated silver 
still exhibits the colour and lustre of tho pure metal, and retains the oxygon firmly at 
all temperatures below redness. Thin iron wire, carefully purified with potash-ley 
and water, yielded, when heated in a vacuum for two hours, 7'94 times its volume, and 
after seven hours, 12*5 times its volume of a gaseous mixture chiefly consisting of 
carbon monoxide. Such iron previously heated to rednosa in a vacuum absorbed at a 
dull rod heat 0*46 vol. hydrogen and 4*15 vol. carbon monoxide. Iron saturated with 
carbon monoxide remains soft and appears to bo incapable of hardening by Budden 
cooling from red heat ; in other respects it does not differ from ordinary iron. Tho 
meteoric iron of Lenarto, containing 90*88 p. c. iron, 8*45 nickel, and 0*66 cobalt, 
yields, when heated in the vacuum apparatus, 2*85 times ite volume of a gas consisting 
almost wholly of hydrogen, with small quantities of carbon monoxide and nitrogen. 
This fact, viewed in connection with the result established by direct experiment, that 
wrought iron under tho ordinary atmospheric pressure does not absorb more than its 
own volume of hydrogen, seems to show that the hydrogen contained in the Loxiarto 
iron has been absorbed from a stellar atmosphere denser than that of tho earth (Proc. 
Jioy, Soc, XV. 502). 

3. Action of Mefcda at Ordinary Temperatures. — Palladium, platinum, and 
iron are also capable of absorbing ana retaining at ordinary temperatures con- 
siderable quantities of hydrogen, when that clement is presented to them in llie 
nascent state. Zinc immersed in dilute sulphuric acid does not take up hydrogen ; 
but thin palladium plate placed in the acid liquid in metallic contact with the 
zinc becomes charged with hydrogen, which afterwards shows itself on the sur- 
face. At the temperature of 12° a palladium plate thus treated took up in an 
hour 173 times its vohime of hydrogen. When employed as the negative electrode 
of a battery of six Bunsen's elements, it exhibited a still strong(»r absorption, the 
evolution of hydrogen being completely suppressed for the first twenty seconds, and 
the gas absorbed ultimately amounting to 200*4 times the volnme of the metal, 
whereas the- same plate on cooling in an atmosphere of hydrogen took np only 
90 times its volume. Hydrogen thus absorbed by palladium exhibits no perceptible 
tension at comparatively low temperatures, and is given off only in traces at ordinary 
ten^ratores even in a vacuum, but easily and completely at 100° or when the mdtal is 
made to serve as the positive electrode of a decomposing cell ; in this case the palladium 
does not take np any pxygen. Palladium thus charged with hprdrogen sometimes becomes 
suddenly heated on exposive to the air, and then loses its hydrogen by oxidation. 
Piatinum under similar circumstances (as negative electro4e) likewise takes np 
hydrogen (2*19 times its volume in one experiment), and is thereby brongbt into tbs 
well-known polarised state ; it gives up the combined hydrogen when heated nearly 
to redness in a vaenuro, or when used as positive electrode in a decomposing eell ; 
in this latter case, like palladium, it does not absorb oxygen. Soft iron immmMd in 
dilute acid takes up a small quantity of hydrogen (0*57 0°^ experiment), and 

gives it np in a vacunm at a rM heat. 

From these results it appears that at comparatlTelT low temperatores, platSmim, 
palladium, and iron are not permeated by hydrogen, though at higher temperhtiirea 
hydre^g^ peases through them with facility. Graham supposed, however, Shat even 
In this latter case, a condensation or occlusion of the hyorageh by the mstat f 
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pUce in the first instance, and that erea at very high temperatturea a ainall quantitj 
of hydrogen may be retained by the metal ; direct proof of this retention w&a indeed 
obtained in one instance by heating a piece of palladium foil in a hydrogen flame 
and rapidly plunging it into cold water ; the hydrogen thus occluded (measured in 
the cold) amounted to 1*3 times the volume of the metal. Platinum similarly treated 
took up only 0*06 vol. The velocity of transmission of the gases, which increases 
rapidly with rise of temperature, is not proportional to the volume taken up by the 
Same metal at lower temperatures. Bar iron takes up a larger quantity of carbon 
monoxide (4 vol.) than of hydrogen ; nevertheless a wrought-iron tube 17 mm. thick, after 
being freed from gases, transmitted through a square metre of surface only 0*284 c.c. 
carbon monoxide, whereas the hydrogen which passed through the same surface in 
the same time amounted to 76*5 c.c.* A palladium tube transmitted at 165^, through 
a square metre of surface, 327 c.c. hydrogen in a minute, at a red heat (melting point 
of gold) 3992*2 c.c., and of carbon dioxide at the same high temperature only 
1*86 c.c. On passing a mixture of equal volumes of hydrogen and carbon dioxide 
through a small palladium tube, 3 mm. in internal diameter, and 0*3 mm. thick, 
heated to redness while a vacuum was made around it, 1017*6 c.c. of perfectly pure 
hydrogen passed through a sqixare metre of its surface in a minute. The rapid 
diflRision of hydrogen (and partially of carbon monoxide) in palladium, platinum, and 
iron, at very high temperatures, and their pass^e through these metals, are regarded by 
Graham as depending upon a solution of the liquefied gas in the colloid -metal ; in fact, 
as similar to the passage of gases through a thin membrane of caoutchouc. The solution- 
aifinity of these metals appears, however, to be limited to the two gases just mentioned. 

In palladium more or less saturated with hydrogen, Graham assumes the existence 
of a palladium hydride, the hydrogen alloying itself with the palladium like a 
metal (see Hydrogen). The quantity of hydrogen taken up by the palladium, when 
made to form the ne^tive pole of an electrolytic cell, approximates to the formula 
PdH* (no such hydride can however be formed by the action of sodium hypophosphite 
on palladium sulphate). The palladium hydride formed by occlusion of hydrogen in 
palladium wire exhibits the colour and lustre of palladium ; its tenacity is but slightly 
less than that of pure palladium ; its electric conductivity is 5*99, that of pure 
palladium being 8*10 (copper = 100). It is distinctly magnetic, more so than 
palladium itself. Its density is less than that of pure palladium (Proc» Boy. 8oc. 
xvi. 422 ; xvii. 212, 500; Chem, Soc. J. [2] vii. 419). 

O&Jktl'COXIOTS^ A spccimon of this mineral from Hnkansbo in Sweden, 
analysed by E. Ludwig {jahresb. 1867, p. 974), gave 19*80 p. c. sulphur, 44*03 arsenic, 
19*34 iron, 16*06 cobalt (= 99*23). It has tho form of arsenical pyrites, and in 
respect to its amount of cobalt, is intermediate between the glaucodf)t6 of Huasco in 
Chile (ii. 846), and the less cobaltiferous arsenical pyrites distinguished by Tchermak 
as danaVte. 

CUbAtfCOXfZTB. Analyses of this mineral from various localities by Haushofer 
gave, on tho average, 49*6 p. c. silica, agreeing approximately with the formula 
EO.E*0*.3SiO* +3aq. {Jahresb. 1866, p, 938; 1867, p. 995). 

O&TOOSB. See Suqab. 


Hla8iwetz'(.<fnn. Ch. Pharm. cxliii. 290) divides compounds which 
yield sugar or saccharine substances when treated with acids or alkalis, into the 
following groups: 1. Qlucosvdea yielding by decomposition with dilute mineral acids 
(or with ferments), glucose and another substance, (a) 1 mol, glucose and 1 mol. of 
^6 other product; e.g. arbutin, helicin, ruberythrin, salicin. (fi) More than 1. mot. 
glucose: daphnin, msculin, jalappin, scammonin, helleborin, tui^thin. (y) 1 moL 
glucose to 2 mol. of another b^y : popuiin, benzohelicin, gratiofin (?), bryonin (P), 
ononin (?). — 2. PhlorvyluoideSt which when decomposed by alkalis or strong mineral 
aci^ yield phloroglucin : phloretin, quercitrin, maclurin, luteolin, catechin, filicic acid. — 
8. Pkloroglticosides ; these yield glucose and phloroglucin, the first of which may be 
separated by dilate acids, the second from tne resulting phlorc^lucide by alkalis : 
phlorijun, q^uercitrin, robinin, rutin. — 4 . Gummidcs yielding glucose as product of 
transformanon : to this division belong perhaps tannic acid and caffeic acid. — 
5. yielding a derivative of mannite as a product of deeompMition : quinovin, 

cafietannic acid (?).— -'fi. Biirogenotu glucosides : amygdalin, solanin, indicia, chitin. 

O&ITTAIMCZO ACX8I. C*H*NO* (Ritthausen, J. pr. Chem. xeix. 454; crii. 
2i8).--*Aa acid obtained by decomposition of gluten. It may be prepared by boiling 
the portion of wheat-gluten which is insoluble in alcohol (vegetable fibrin), or better, 

« According te Catlletet {Compt. rtnd. Ixri. 847 ; Jahreib. 18S8, p. 187), Iron is nnder Mrtsin 
circumeUnocs perttoaUe to hydrogen at ordinary temperatmes. 
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the portioB soluble in alcohol (mucin or muoediiit ii. 878), fbr 20 to 24 hours with 
2| pts. sulphuric acid and 6 to 7 pta. water, supeTsaturating with milk of lime, 
removing the lime with oxalic acid, the excess' of the latter by boiling with load 
carbonate, and lastly the dissolved lead with hydrogen sulphide. The strongly acid 
liquid yields by evaporation a crystalline mixture of tyrosine, leucine, and glutamic 
acid, from which, by treatment with hot water (which leaves the tyrosine uudissolved), 
and then with alcohol of 30 p. c. (which chieOy dissolves the leucine), and reciystal- 
ligation from water (with addition of animal charcoal), and from alcohol of 80 p. c., 
the glutamic acid is obtained pure. The portion of gluten insoluble in alcohol yields 
only about 1^ p. c. glutamic acid, but mucodin yields more than 30 p, c., with no 
tynMino, and only a small quantity of leucine. 

Glutamic acid is likewise obtained, together with aspartic acid and a non-crystal- 
lisable body, by treating conglutin with sulphuric acid. On repeatedly boiling the 
resulting knobby crystalline masses with alcohol of 60-60 p. c., the greater part of 
the aspartic acid remains undissolvod, and an additional quantity of that acid 
separates from the hot alcoholic solution, while the glutamic acid remains in the 
mother-liquors, and may be obtained by distillation and concentration over sulphuric 
acid, in shining tetrahedral crystals. 

Glutamic acid dissolves at 16® in 100 pts. water, 302 pts. alcohol of 30 p. c., and 
1,500 pts. alcohol of 80 p. c. ; at higher temperatures its solubility in water and in 
dilute alcohol is much greater. The solutions liave a strong acid reaction, an 
astringent taste, and decompose carbonates, forming soluble salts. From hot-saturated 
solutions the acid separates in white crystalline crusts composed of shining laminee, 
by slow evaporation in crystals having a bright adamantine lustre and the form of 
distorted rhombic octohedrons with basal end-face. Axes a\b\c ■‘0*8069 : 1 : 0*8621. 
They are anhydrous, molt with partial decomposition at 136°-140°, then solidify very 
slowly to a crystalline mass, which decomposes at a higher temperature, emitting an 
odour like that of burnt horn. It is dextrograto ; but when heated with nitrous acid 
it yields an optically inactive acid homologous with malic acid. The glutamates of 
the alkali-metols are very soluble, and crystallise with difficulty; those of the 
alkaline-earth-metals are also very soluble in water and alcohol, and dry up to 
gummy masses. The copper salt separates from aqueous solution in well-defined deep 
blue crystals, consisting — according to Ritthausen^s latest observations— of C*H*NO*Cu 
+ 2^11^0 ; from a very strong solution slightly acidulated with nitric acid, it crys- 
Ullises in small prisms containing only 2H’0, and when precipitated by alcohol, 
it has the com^sition C‘H'NO*Cu + 3H*0. load salts do not precipitate glutamic 
acid even on addition of ammonia. 


O&VTAJtXC ACZ2>. C*H*0*. — An acid homologous with malic acid, produced 
by the action of nitrous acid ou glutamic acid«dissolved in dilute nitric acid. It is 
bibasic. The calcium salt C‘H*CaO* + 4H^O, obtained by neutralisation and precipita- 
tion with alcohol, is white, non-crystaliino, and fiocculont. Decomposed with lead 
acetate it yields the lead salt in form of a white precipitate, which crystallises from 
solution in hot water in nodular crystals containing C*H*PbO* + JH*0. In presence 
of ammonia a basic salt is precipitated. The silver salt is a curdy precipitate, 
liaving when dried the composition C^H*Ag*0* + The acid itself ci^stalliMt 

with difficulty from its solution evaporated to a syrup (Ritthausen, J. pT» Chem. ciii. 
239 ; Zeitschr. /, Chem. [2] iv. 629). 

OlliVTair. For a continuation of Bitthausen^s investigation of the eonstituento 
of gluten (ii. 873), see J. pr, CHem, xcix. 462 ; Jahreeh. 1864, p. 719. 

Compounds analogous to the acetals produced by heating 
glycerin with aldehydes to 170®-*200® for 24 to 80 hours : • 


The following have been obtained : 


C»H* 

Acetoglyoeral, H }(>•, 184®-188® 

C*H< 

Valeroglyoeral, H tO*, 224®-228® 

cm* } 


'h 


J" 


B.P, 


Olyceral. 


8p. gr. Tap. deuilty 

atO* 

obs. 

1*081 

4*162 

1027 

6*626 
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Benzoelvcerel can only be partially dirtilled under oidina^ prMS^ ; at 20 nun. 
nrS^t ^between 190» and 200°. It is heavier tton water. AU the glyc^ are 
FSbU or vel^ alightly soluble in water, inodorous when recenUy prepared, but are 
3^11ydecoSi«sa by moist air, with separation of the wi^pondmg aldehydes 
^arniti-HarnitSiy a. Menschutkin, BvU. 8oc. Chm. [2] ui. 263). 

samwcmo ACX2>, C*H*0', is converted by dry distillation, first into p^ro- 
C»H*0* - H*0 = C»H*0*: then, with evolution of carbon dioxide, 
p^to^rTc^id: 2C»H<0- - CO> - 0*H*0' (Moldenhauer, ^««. Ch. Pharm. 

oncenwkted glyceric acid heated for several hours to 100» with saturated hydriodic 
acid ifl converted into iodopropionic acid (Moldenhauer) ; 

^ + 3HI = C*H»IO* + 2H*0 + P. 

Treated with 3 mol. phosphorus pentachloride, it yields chloropropionic acid 
(Wichelhaus, Ann. Ch. Pharm, cxxxv. v. 248). 


(c*Hr|o. 


CH^OH 

inOH. E. J. Mulder 1863, 


axiTomxar. c*H*o* ^ 

cn*0H 

p, 601) has determined the melting points of frozen aqueous solutions of glycerin of 
varioiifl degrees of concentration ; 

14°B. 15°B. 

- 18 '^ - 21 ° 


10°B. 

- 9 ° 


12®B. 

-13® 


Glycerin solution 
Melting point . 

The freezing point is very close to the molting point, perhaps a little lower. On 
mixing snow or finely pounded ico with glycerin, a reduction ot temperature equal to 

10® or more is produced. , , . - /n *. 

A considerable quantity of glycerin having been sent from Germ^y to England 
during a very cold winter^ (Januaiy 1867), was found to be solidified to a cnfstalline 
mass reserabUng sugar-candy, and composed of shining, apparently octohedral 
S abSt the shie of peas, having a strong refracting power, gyating between the 
teeth, and exhibiting the reactions of chemically pure glycerin. In small quantitms 
they melted quickly, the mass during fusion exhibiting a constant temperature of n . 
After complete ftision, tlie glycerin did not resolidify even when cooled to -18 and 
^itated (Gladstone, Chem. Soc. J. (2] v. 384; Crookes, Chem. N<ws. av 26). 
Wording to Wernor {Zeitschr. /. CAem. [2] iv. 413), wmmercial glycerin may bo 
made to crystallise by passing a few bubbles of chlorino into it. 

Borthelot found that glycerin fermented in contact with chalk and anim^ 
substances yields alcohol (ii. 888). According to Bichamp, the 
complex, yielding ethyl alcohol and some of its higher homologuos, ^ether wi^ 
acotFc, pr^ionic, butyric, and valeric acids; the evolved gases consisted of carbon 
dioxide water, and nitrogen {Zeitschr. f. Chtm. [2] v. 663). . . . , 

Glycerin Oxidised by nitric acid of sp. gr. 1-6 yields—in ^dition to 
<ii. 876) -racemic, formic, glycollic, and glyoxyhc acids (Hemtx, Ann, Ch, Pharm. 

*^^*GhTerin treated with sulphur chloride, as for the preparation of dichlorhydnn 
/ii 8901 yields also a viscid liquid, which contains chlorine and sulphur, is iiwolub o 
m water, sparingly soluble in alcohol, easily in ether, and decom^ses, especially m 
contact with water or moist air, with continued evolution of sulphurous acid and 
Bemration of sulphur. It is decomposed by sodium ethylate, yielding ethyl chloride, 
ethyl oxide, glycerin-mercaptan, and sodium sulphite. ^ 52, 

compound of equal molecules of the bodies 0*01.80. and 

per£ps has the constitution of a chlorinated hyposulphurous other, O C1*.(S OX^ H ) 
fwolff, Ann, Ch, Pharm. cl. 69). 

Glt/cerideM containing Monatomic AIcohol^radicles.-^The ethera of this claw con- 
taining 3 at. ethyl, &c., are formed, similarly to the acetals, by heaUng ^rolein with 
!hl wfrt~u^ug alcohol aud a little acetic acid (Alsbe^, A»», OA PW 
123^ T^nethvUn, = C*H»(CH*)»0», obtained by heating 1 vol. acrolein. 

8 voi. methyl ^hol, and 0*5 vol. acetic acid to 100® for several hours, is a fragrant 
ether^ liquid,- moderately soluble in water, boiling at.l48 , and having a sp, 

at%® Triethylxn, which BeW a. Lpure^ 

obtained by treating diethyl-chlorhydrin with sodimn-eaylate ( i. 8841, « ^ 
produced by beating 1 vol. acrolein, 1 vol. alcohol, ^ ! 

Fragrant etherefid l^uid, moderately soluble in water, boiling at 186 , and having i 
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gi». Of 0*8965 at 15° TWamyitn, C*»EPK)» - C»H*(C3*H“)*0*, appeaw to U 
formed by beating 1 toI. acrolein, 3 vol. amyl alcohol, and 0*5 vbl. acetic acid to 1 10°j 
but is decomposed by distillation. 

Diethyl cMorhydrin^ C*H*(OC?H*)*(OH)C51, is formed by passing hydrochloric acid 
gas into a mixture of acrolein with 2 vol. absolute alcohol : 

C»H*0 + 2C*H»(OH) + HCl » C>H*(0C*H»)*C1 + H*0. . 

It is a heavy oily liquid, having a sweetish ethereal odour, and sp. gr. 1*03 at 10*5°. 
By sodium ethylate in alcoholic solution it is converted into triethylin (Alsberg. 
Jenaische Zeitschr. i. 407). 

sritroglyeorln. C*H‘(NO*)*0*. — This compound, related to glycerin in the same 
manner as gun-cotton to cellulose, is violently explosive, but nevertheless requires the 
fulfilment of special conditions for the development of its explosive force. Its 
explosion by the simple application of heat can only be accomplished if the source of 
heat be applied for a long time in such a manner tlmt chemical decomposition is 
established in some part of the mass, and is favoured by the continued application of 
heat to that part. Under those circumstances, the chemical change proceeds With 
rapidly accelerating violence, and eventually the heated portion is suddenly trans* 
formed into gaseous products, which transformation is instantly communicated, 
throughout the whole mass. This result can be obbiined more expeditiously and 
with greater certainty by exposing the substance to the concussive action of a detona- 
tion produced by the ignition of a small quantity of fulminating powder, closely 
confined and placed in contact with or in proximity to the nitroglyoerin (Abel, Chem. 
Soo. J. [2] viii. 46). See Combustion, p. 487. 

Nitroglycerin is well adapted for blasting, its destructive action being estimated at 
about ten times that of an equal weight of gunpowder. The first attempts to apply, 
it as a mining agent were made by A. Nobel, a Swedish engineer, in 1864. Some 
experiments were first made with gunpowder saturated with nit^glycerin. This 
powder burnt much as usual in the open air, but when confined in shells or blast- 
holes, it produced neater destructive effects than ordinary powder. Nitroglycerin 
cannot be employed as a blasting agent in the ordinary way, as the application of 
flame from a common fuze would not cause it to explode ; but when it is introduced 
in a suitable case into a blast-hole, and a fuze having a small charge of gunpowder 
attached to its extremity is fixetl immediately above it, the concussion pr^ucod by 
the exploding gunpowder effects the explosion of the nitroglycerin. The use of nitro- 
glycerin is, however, attended with very great danger, on account of its gr^t liability 
to explode by concussion or by friction during transport. Moreover, it solidifies at a 
temperature probably as high as 8° C. (56° N.), and the friction of the fVotten 
particles is very apt to give rise to explosion. Nobel has, however, found that the 
danger of accidental explosion of nitroglycerin may be obviated by mixing it with 
wood-spirit, which renders it non-explosive by percussion or by heat. When required' 
for use, it may be rei^iverod by adding water to the mixture, which precipitates 
nitroglycerin. (See Richardson and Watts’s Chemical Techmdogy^ pt. v, p. 396.) 

oZi'rciBROOaib and aXtYCSSOSOXN Graham’s niunes for the gelatinoiui and 
soluble compounds of glycerin and silicic acid (v. 1089). 

O&TCOCZSra. See Olycoli.ahic Acids. 
aXiTOOBRirVOBB. See Dbuposb (p. 547)* 

OlbYCOOSBr. This substance exists in mollusca, especially in oysters, which 
yield 9*5 p. c. of it (reckoned on the dry weight). Cardium edvle contains p. c* 
The glycogen of mollusks is very quickly converted into lactic acid, which, when 
formed in considerable quantity, protects the animal from putrefaction (G* Kao, 
Compt.rend. Ixii. 675; b^. 175; Jahireth. 1866, p. 752 ; 1867,1). 741). . 

From the observations of Tichanowitsch { On the Origin of Carhohydratei wUhin 
and without the Organievn^ Cracow, 1866, Russian), it appears that glycogen may bo, 
produced in four modifications, according to the diet of the animal which yields ii^ 
via. Ar produced by exclusively amylacew diet ; B, by feeding with porifliM wh^.of 
egg ; C, with purified cheese and a litUe hogs' lard ; B, with pnrifiM cheese aXohe, 
l^ese four m^flcidions differ in solubility and in their action on polarised light: , 
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Stac^erbakoir (ZeiUehr /. Chem. [2] vi* 240) has shown that glyoogen (prepaid 
from livers of dogs fed for several da^^s on brown bread after three days fasting) 
is resolved by boiling with dilute sulphuric acid into glucose and a body, a (together 
with smaller quantities of other bodies, iS, % and to be presently notic^), which is 
precipitated by alcohol as a white amorphous viscid mass, drying up in thin layers to 
a membrane resembling collodion : it dissolves completely in water to a tasteless 
liquid; dissolves cupric oxide in presence of alkalis, without reducing it; and is 
colour^ red by iodine. This body a is resolved by boiling with sulphuric acid for 
six hours into glucose and another body, which resembles a in appearance and 
solubility, is coloured dark red by iodine, and reduces cupric oxide in airline solution. 
^ is resolved by boiling with sulphuric acid for three hours into glucose and a third 
body, y, which also resembles a in appearance, but is not reddened by iodine, and 
dissolves cupric oxide in presence of potash without reducing it. This body y is 
resolved by boiling with sulphuric acid for two hours into glucose, and a fourth body, 
8, similar in external character to a, and y, not coloured by iodine, but capable of 
reducing cupric oxide in alkaline solution, a, 3, and y are insoluble in strong alcohol ; 
8 dissolves easily in water, sparingly in alcohol. The four bodies a, 3, y, 8 are all 
dextrogyrate, but differ in the amount of their specific rotatory power. Lastly, 
8 boiled, with dilute sulphuric acid is completely converted into glucose without the 
formation of any other body. From these results, Stscherbakoff infers that 8 contains 
at least & atoms of carbon, y at least 12, 3 at least 18, a at least 24, and glycogen 
itself at least 30 carbon-atoms, its formula being 

OnCOUairoSB. (J. Erdmann, Ann, Ch, Pharm. Suppl. v. 223 ; 

Jahresb. 1867, p. 738). — A substance remaining after exhausting the wood .'of the 
spruce fir (Abies excelsa^ Be C. ; Pinus Abies^ L.) with dilute acetic acid, alcohol, and 
ether. It is yellowish- white and insoluble in all liquids, yielding only traces of 
cellulose to ammoniacal copper solution ; this behaviour is regarded by Erdmann as 
showing that in fir-wood, as in the stony concretions of pears (p. 647), the primitive 
cellulose is associated with another substance. Fir-wood is decomposed by boiling 
with hydrochloric acid, yielding, together with glucose, from 60 to 65 p. c. of an 
insoluble body, designated by Erdmann as lignose : 

C*®H**0« -f 2H*0 « 2C«H>»0» + 

QlycoUgnose. Glucose. Lignoee. 

Lignose is reddish-yellow, insoluble in ordinary solvents, and likewise yields to 
ammoniacal copper solution only small quantities of cellulose. Boiled with dilute 
nitric acid it leaves a residue of cellulose. Glycolignose fused with potash yields, 
together with acetic and succinic acids, a substance which appears to bo nearly 
related to pyrocatechin and protocatechuic acid. The same products are obtained 
with 'lignose or with glycodrupose, but not with pure cellulose prepared as above. 
Cellulose may be regaraed as pure when the residue left after repeated treatment 
with nitric acid, dilute ammonia, and water, is no longer coloured by further boiling 
with nitric acid. 

OXrrOOXiSmo — A monobasic acid, isomeric with glyoxylic acid, 

formed, according to Friedlander (J. pr. Chem. xciii. 65 ; Jahresh. 1864, p. 366), W the 
action of sodium-amalgam on ethyl oxalate mixed with 3 pis. of absolute alcohol ^ure 
ethyl oxalate treated with sodium-amalgam yields desoxalic or racemo-carbonic acid, v. 
40]. Sodium-glycolinate, the immediate pr^uct of the reaction, crystallises in stellate 
groups of needles or prisms containing C*H*O^Na + H*0, which are easily soluble in 
water, nearly insoluble in absolute ^cohol, and give off their water at 100°. The 
acid may be separated f]X)m a solution of the sodium salt in weak spirit by an alcoholic 
solution of oulie acid, and purified by recxystallisation from alcohol. By evaporation 
over sulphuric acid, it is obtained as a deliquescent radio-crystalline mass, containing 
2CPH*0* -I- 9H*0, and giving off its water of crystallisation at 100®. It is non-volatile, 
easily soluble in water and in alcohol, has a strongly acid taste, and is decomposed by 
heating with strong sulphuric add. 

CH*OH H 1 

aXiTOOlAIOAOIB. ^ This acid exists in 

the juice of unripe grapes, but disappears as the friiit ripens (Erlenmeyer, Jakresb. 
1864, p. 859 ; 1866, p. 37.2). It is formed by the action of hydriodic acid, not in 
excess, upon diglymllio acid (p. 641), and is found among the products of the 
action of nitric add upon glycerin (p. 637). Heated with sataratra l^dzobromis 
add to 100® two uys, it is. converted into bromacetio add: G*Hv •f HBk 
m H*0 V €?*H*BrO’ (Kekul4, Ann, Ch, Pknrm. exxx. 860). According to l^pelgr 
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(Zeiisehr. Ch, PAar»», [2] v. 1 77), gly collie acid yields by dry distillation chiefly dioxy- 
inethylene, C*H‘‘0*. The formation of this Ixaly in small quantity, together with 
glycollide, in the distillation of glycolHc acid, had previously been observed by 
lieintz (ii. 919), who has since also obbiined it, together with glycollic acid, by 
heating the glycollates of copper and aluminium {Afm. Ch. Pharm. "cxl. 267) : 
2(C*H»0*)‘Cu = + 2Cni<0* + CO + CO« + Cu=0. 

Calcium glycollate and diglycollato heated with strong sulplniric acid also yield 
dioxymethylene, together with other products (Ileintz): 

(C2H*0^)^Ca + 3H‘S0' - + SO‘Ca + 2SO*}V + 211*0 + 2C0 

Glycollate. 

and 

C^H^O^Ca + 2S0^H’ = C‘H'0^ + S0*Ca + 80*11= + IPO + 2C0. 

Diglycollate. 

A double salt of glycollate and chloride of calcium, (C=IP0=)=Cii . CivCl= 4- flll-'O, is 
formed on leaving a highly concentrated mixed solution of the two salts to itsolf, 
or by boiling benzogl^’collic acid with hydrochloric acid, neutralising the liipiitl 
filtered from benzoic acid with lime, and evaporating to a syrup. It forms large, 
transparout octohedral crystals, wliich do not alter in the air or over sulphuric 
acid, but give ofif 5 mol. water at 70*^, the greater part of the remainder at 180°, 
and decompose at 200° (Jazukowitsch, Zeifschr. Ch. Pharm. 1861, p. 62). 

BufyroglycolHc Acid. C^Il'^O* = C=IP(C*ll'0)0*. — The ethyl ic other of this acid, 
C®1I‘®0*. C=JP, is produced by heating ethyl moiiobromacetut o witJi potassium buty- 
rate. It is a liquid insoluble in water, boiling at 20r»°-207°, and resoUasl by 
distillation with potassium hydrate into ethyl butyrate and potassium glycollate 
(Gal, Pull. Soc. Chiiii. [2] vii. 329). 

COOK 


. CIP (0=11=0)") 

SlKlycoUlo AoM. C'n«0’ = 0C' or (C-’ll-oH O’ or 

^cie 11^ J 

iooit 

Tile constitutional formula of this acid is tlcduced from itj} mode of formation, viz. 
by abstraction of 11=0 from two molecules of glycollic acid : 


coon COOII 

also by oxidation of diethylcnic alcohol, jj./ ^ O*. 

Malic acid, with which it is isomeric, is formed by the action of alkalis on 
COOK COOK 


monobromosnccinic acid, I , and has therefore the constitution I 

CH= CIP 


COOH COOK. 

Diglycollic acid crystallises in imperfc^ctly developed orthorhombic prisms of 1 07° 3(/, 
having their acute angles truncated by two faces, one of which makes an angle of 


69° 68' with the faces of the prism. The plan© of the optic axes is parallcd to the 
smaller diagonal of the base of the prism (Fricdel, Jukreah. 1863, p. 362). It molts 
at 148° and distils at 250°, for the most part nndocom posed, a small portion being 
however resolved into glycollic acid, dioxymethylene, carbon dioxide, carbon monoxide, 
hydrogen, and carbon (Ileintz, Ann. Ch. Pharm. cxxviii. 129). 

Diglycollic acid heated with hydriodic acid is converted into glycollic and acetic 
acids, or into acetic acid alone, according to the proportion of hydriodic acid used : 


and 


C*H*0» + 2HI « + C*H‘0* + I* 

+ 4HI « 2C»H^O* + H*0 + 21*. 
TT 
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With fuming hydrochloric acid at 130°-140° it yields glycollic acid as chief product, 
’with traces of acetic acid (Heintz, Ann. Ch. Pkarm. cxatx. 257). 

Neutral ammonium diglycollatey obtaine<l by boiling the calcium salt with excess of 
ammonium carbonate, and evaporating the filtrate, is converted, by heating to 120°, 
into the acid salt C^H*0*(NH^) ; and this latter heated to 260°, gives off 2 mol. water, 
and is converted into diglycollimidc, which melts at 142°, dissolves in 

about 67 pts. water at 14°, more easily in hot water, and crystallises from alcohol in 
splendid colourless needles (Wurtz, Ann. Ch. Phye. [3] Ixix. 342). 

For the preparation of calcium diglycoUate^ Ileintz (ibid, cxliv. 91) recommends the 
following process : 1 pt, of monochloracetic acid is boiled with excess of quicklime, 
3 pU. calcium chloride, and 10 pts, water, for ten hours in a flask provided with an 
upright condenser ; and the liquid, diluted with boiling water, is quickly filtered, freed 
from excess of lime by carbon dioxide, evaporated to a thin syrup, and then mixed 
with 3 vol. alcohol. The liquid filtered from the calcium salt thus separated is again 
evaporated to dryness ; the residue boiled with alcohol ; and the solution mixed with 
absolute alcohol as long as a turbidity is thereby produced. The calcium salts pre- 
cipitated hy alcohol and washed therewith are then dissolved in boiling water, and the 
calcium diglycollato which first crystallises out is separated from the mother-1 iqut)r, 
and purified by washing with cold water. If the mother-liquors on further evapKjration 
yield slender microscopic needles of the glycollate, together with transparent prisms of 
the diglycollate, the two salts may be separated by washing or levigatioii with a small 
quantity of hot water, which dissolves the glycollate and leaves the diglycollato : 
10'6 grms. of chloracetic acid thus treated yield more than 8 grms. of calcium digly- 
collate and nearly 5 grms. of glycollate. 

Nthgl diglycollaicy C^iI*0*,C^IP, is prepared by heating the silver salt (obtained by 
precipitating the hot concentrated solution of the calcium salt with silver nitrate) with 
excess of ethyl iodide and anhydrous ether in a sealed tube in the water-bath ; wash- 
ing the silver iodide with ether ; distilling off the ether and excess of ethyl iodide ; 
volatilising the last portions of these ethers by heating to 100° in a stream of dry air; 
and finally distilling. It is a colourless liquid, boiling at 240°, heavier than water, 
having a faint odour, and slightly sweetish, somewhat burning taste. Boiling water 
dissolves and slowly decomposes it into diglycol lie acid and alcohol. The same 
decomposition is insUntly produced by boiling with alkalis and alkaline earths. By 
alcoholic ammonia it is converted into diglycollodiamide, 

(Hointz, Ann. Ch. Pharm. cxliv. 96). 


Amid ogly collie or Qlycollamic Acids. 


By the action of ammonia on monochloracetic acid, three araidated acids are produced, 

viz.. 


^ N 
CWO ^ 

H 

AmidoglycolUc . 


(C®IPO)= 

H 

Amidodigly collie . 


N 

O® 


In 

Amidotrlglycolllc. 


The ethylic ethers of the same acids are produced by heating ethyl chloracetate 
with ammonia or ammonium carbonate (Heintz. ii. 905 ; Arm. Ch. Pharm. cxli. 366). 

According to Ziegler {Zeitschr. f. Chem. [2] v. 659), a concentrated solution of 
amidoglycollic acid boiled with chloracetic acid yields the hydrochloride of amido- 
diglycollic acid ; and in like manner, amidodiglycollic acid boiled with chlontcetic 
acid yields the hydrochloride of araidotriglycollic acid ; whereas by boiling glycollic 
acid with ammonia, neither amidoglycollic, amidcKliglycollic, nor amidotriglycollic acid 
is obtained. Hence it may be inferred that in tlie preparation of these acids from 
chloracetic acid and ammonia, they are formed successively one from the other, an 
atom of hydrogen directly connected with nitrogen uniting at each step with the 
chlorine of the chloracetic acid, while the residue takes the place of the chlorine: 
thus, 

C*H»ClO« + NH» - C«H®NO^HCl 

CHPCIO* -i- C*H»NO* « C*H’NO^HCl 

C®H*C10* + C^H’NO* - C»H'*NO*.Ha 


AmidoflarcolUo OlyooUasnie Add, Olycodiid, or Olyooooll, 

C*H®NO* *■ NH®(CH’*COOH), is also formed by heating uric acid with saturated 
bydziodio acid to 160°~l70° iu sealed tubes : 

+ 6H*0 = + SCO* -i* 3NH*, 

On opening the tubes, carbon dioxide escapes, and the solution, treated with lead 
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hydrate and freed from dissolved leiid by siilpliydric acid, yields on evaporation colour- 
loss crystals of glycocine (Streokor, Zeitsckr. /. Vhem. [2] iv. 2lo). 

On the preparation of glycocine from hippuric acid, seo Kraut a. Hartmann (Aun, 
Ck. Pharm. exxxiii. 99). Accoi*ding to the same chemists, glycocine decomposed by 
haryta-waier at 250° gives otF ammonia, but no inethylainine (compare ii, 903). 
Ammonia is also formed on heating it with liytlriodic acid. Wlion glycocine is heutod 
with lead dioxide and sulphuric acid, the hydrocyanic acid piWuced, together with 
carbon dioxide and water, is in great piirt decompoNtnl, so that the reaction may be 
represented by the equation, C'‘‘H*NO^ + O’* = 2CO^ + ]SH* -t- 11*0. 

Diylycocine hydrochloride, 2CH{*NO .llCl, is dcjiosited in needles on passing ammonia 
gas into the alcx)holic solution of the neutral salt IICI. 

Silver-glycocine, C’^H^AgNO-, is obtained by evapjiruting a solution of glycocine 
saturated while hot with silver oxide, over sulphuric acid : if the solution be evaporated 
by heat, silver is reduced ; alcoliol Uirows tlown from the solution a compound con- 
taining 3 at. silver to 4 mol. glycocine. Wlion silvcr-glycocine is lieatid witli ethyl 
iodide, 1 at. hydrogen is replaced liy ethyl ; but the product i.s decomposed by silver 
oxide, with reproduction of glycocine. Silver-glycocine distilled with barium Uydrato 
gives otf ethyl-methylamine, together with other bases. Boiled in excess with acetyl 
chloride and auhyiirous ether, it yields silver chloride and aceLuric acid, CHI’NO* 
(p. 30) (Kraut a. Hartmann, loc. cit.). 

Glycocine nitrate, C“H*NO’. NO^If, forms vitreous crystals belonging to the rhombic 
system, and having tlie axes a : h : a (principal axis) in the ratio of 0*71972 ; 1 : 
0*06865 (Loschmidt, Jahresb, 1865, p. 319). 

CIPNU(C'-Hn 

Ethylglycochie. C^H’NO^ = C'*=H^(C*n")NO» « | « 

COOH 


H . C'*'!!* 

{cm’^oy 


N 

O 


(Keiutz, Ann. Ch. P/a/rm. cxxix. 27 ; cxxxii. 1 ; Jahrcdb. 1804, p. 362).-*- 


Producod by prolonged boiling of chloracotic acid witli ethylaminc : 


cn^ci 

! 

COOH 

Chlora<’fctic 

ttciU. 


N(CHP)1II1 

N(C=»JI^)1IH 

'2 nK)l. Kthyl- 
auiine. 


C1PN(C^1P)U 
N(CHr)H*.Cl + I 

COOH 

Edi.vlanimonium Etliyl- 

cMuridc. gl^cuclnc. 


Tlio product eva^xirated to dryness with excess of barium hydrate. Hiid treated with 
boiling water, yields a solution containing othylglycocino, together witli a small 
quantity of the lead salt of othylamidodiglycollic acid, ami an insoluble residue B, 
consisting chiefly of the latter. On evnp<;rating the solution A, and trosting the 
residue with absolute alc<jhol, a small quantity of the lead salt B still remains 
umlissulved, whilst the ethylglycocinc passes into solution, together with other 
substances which interfere with the crystallisation. This solution is warmed with 
baryt4i-water (after the lead has been removed by liydrogcn sulphide) ; the baryta is 
precipitated by cupric sulphate; and the filtrate is boiled with cupric hydrate, and 
mixed after evaporation with alcohol and ether. The cupric salt of ethylglycocino 
is tiiereby precipitated, and this when recrystal lised fr<>m whaler and mixed in boiling 
s(jhitioii with hydrogen sulphide, yields pure othylglycociue. 

Ethylglycocine crystallises from alcohol in indistinct laminm ; from the syrupy 
solution by evaporation over sulphuric acid, in small rectiingulur bibles with truncjited 
edges and summits. It has a sweetish, somewlmt sharp, almost metallic taste, molU 
with decomposition above 160°, and deliquesces on exposure to the air. Its > solution 
in hydrochloric acid evaporated at 100° leaves the hydrochloride C*H*NO*. JB-Cl, 
which dissolves easily in water and in hot absolute alcohol, and crystallises frontt the 
aqiRHjus solution by spontaneous evaporation in riglit rhombic prisms. The 
platinochloride 2(C'*n‘'NO’*,HCl).PtCP 6H^O crystallises from water in largo 
or.inge-red monoclinic pnsms. On mixing tlte solution of etbylglycocine with 
^nercuric chloride, the compound CHl*NO*.2HgCl^ is formed as a crystalline preci- 
pitate, which crystallises from water in small rhombic prisms ; and on dissolving thesa 
in hydrochloric acid, the syrupy compound 2(C*H*NO*,HCl),HgCl* is prwuced> 
Cupric ethylglycocine or cupric etnylamidoglyoollaie, (O^H*NO*)*Cu + 4H*0, crystal- 
lises in oblique, apparently triclinic prismi, very soluble in water and alcohol, insolubla 
in ether. Jtk^kylglycocmehydriodide is anhydrous, deliquesceut, insoluble in ether, and 
crystaUises like the hydrochloride. 

A comxioixnd isomeric with this bydriodide is obtained by heating glyeocine with 
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1 mol. ethyl iodide is a sealed tube to 116®-120® (in a paraffin-bath). On evaporating 
the solution over sulphuric acid, rhombic crystals are obtained consisting of the 
compound C*H^(C^H*)NO®. HI, which has an acid reaction, dissolves easily in water, 
alcohol, and ether, and when treated with silver oxide, is resolved, like a compound 
ether, into alcohol and glycocine (Schilling, Ann. Ch. Pharm. cxxvii. 97); hence, as 
pointed out by Kraut and Hartmann, the base C‘‘^H^(C^H®)NO^ contained in it is 
not the ethylglycocine, or ethylamidoglycollic acid, obtained by Heintz, but the ethylic 
ether of amidogly colli c acid : 

CH2N(C2H^)H CH’NH* 

iiooH l:ooc’H» 

Ethylglycocine or Ethylic Amido- 

EthylamidoglycoUic glycoUate. 

acid. 

CH2N(C»H*)2 

Diethyl glycocine^ C^H**NO* = \ , is produced by boiling chlor- 

OOOH 

acetic acid with dicthylamine. The product treated with hydrated lead oxide, freed 
from lead by hydrogen sulphide, and evaporated, yields diethylglycociue in deliques^eent, 
rhombohedral crystals, very soluble in alcohol, subliming below 100°. Boiled with 
cupric hydrate, it yields the copper-compound (C‘^H'‘*NO*)^Cu + 4H''0, in small blue 
prismatic crystals. The jjfatinum-cornpound 2C*H‘*N0‘^ . PtCl^ + H'-'O forms orange-red 
crystals (Heintz, Ann. Ch. Fkarm. cxli. 217 ; Jahresb. 18G6, p. 378 ; further, Zeitschr. 
f. Chem. [2] v. 162). 

Methylglycocine. CHI‘(CIP)NO* — When glycocine is heated with methyl iodide 
to 100° ior seven hours, sparingly soluble crystals separate, belonging to the rhombic 
system : they contain iodine, but their composition has not been ascertained. The 
mother-liquor yields transparent rhombic crystals easily soluble in water and alcohol, 
and consisting of the compemnd C'‘H*®NOH, regarded hy Schilling as the hydriodido 
of dimethylglycocino, OT[*(ClP)“NO‘^.HI. Kraut and Hartmann, on the other hand, 
regard it as the methyl-iodide of monomethylglycociuo. Its formation may be 
represented by the equation, 

3C*H^NO® + 2CHH = (C^n^NO*)^!! -f C*H«(CH»)NO-. CH»I, 

inasmuch as only one-third of the glycocine is converted into the methyl-compound, 
the rest being separated as diglycocine hydriodido, insoluble in absolute alcohol. The 
iodine-compound, when freed from alcohol and shaken up with silver chloride, is 
converted into the more stable chlorine-compound C'‘'n^(CIl*)NO^.CIPCl, which 
cryst^illises in white noodles, and is not decomposed by water, but is re8olvo<l by silver 
oxide into glycocine and methyl alcohol, like the ethylic ether of glycollamic acid 
(Kraut a. Hartmann). 

Phenylg lycocinc^ C*H^(C*IP)NO*, is produced, together with aniline hydro- 
bromide, by the action of aniline on bromacetic acid. On dissolving the product in 
water, and evaporating, the phenylglycocino crystallises out first, and may be purified 
by pressure between paper and repeated crystallisation. It forms small indistinct 
crystals, melting at 110°, moderately soluble in water, sparingly in ether. The 
aqueous solution has an acid reaction, and dissolves the oxides of silver, lead, and 
zinc. The silver-compound decomposes partially in the cold, completely at the boiling 
heat, with formation of a silver speculum (Michaelson a. Lippmann, ZtiUchr.f. Chem. 

1866, p. 16). 

AmldodiiTlyooUlo .a.old. C^H'NO^ = ^^|cH-COOH* — 

This acid is formed, together with glycocine and amidotriglycollic acid, by the action 
of ammonia on inonochloracetic acid (ii. 905). It forms largo, anhydrous, strongly 
acid crystals, having the form of rhombic prisms of about 129°, decomposes above 
210°, dissolves in 41 pts. water at 6°, very easily in boiling water, is insoluble in 
alcohol and ether. It is bibasie. The acid ammonium salt C*II*NO*(NIi^), polymeric 
with glyc-ocine, crystallises in large rhombic prisms of 96° 42'. The silver s^t 
C^H^NO^Ag* is thrown down from the ammonium salt by ammoniacal silver nitrate as 
a sandy white precipitate. The monchario salt C^H*NO*Ba and the ikbarie salt are 
^mmy and uncrystollisable. The cupric salt C^H*NO^Cu -f 2H*0, formed by 
decomposing the bariuta ^It with cupric sulphate, is a blue crystalline powder, very 
slightly soluble in water. The sine salt C^H*NO‘Zn, which is also very slightly 
soluble, is formed on boiling the acid with recently precipitated sine carbonate (Heints* 
Ann. Ch. Phafm. exxii. 276 ; exxiv. 
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Aroidodiglyoollic acid also forms salts with the stronger acids. The hydrocUoridt 
C*II^NO*.HCl forms large, laminar, right rhombic prisms easily soluble in water, 
sparingly in alcohol. The nitrate C^il^NO^.NO^H is a crystalline deliquescent mass. 
A solution of amidodiglycollic acid in 2 mol. sulphuric gradually deposits the neutral 
bulphate of amidodiglycollic acid, as a crystallino mass which is resoh'ed by water 
or alcohol into the acid salt and free amidodiglycollic acid (Hointz, Ann, Ch, Pftarm, 
cxxxvi. 213).^ 

An acid isomeric with the preceding, which for distinction may bo called 
d i g ly collami c {J)iglycoUaniin?:dure')^ \s produced by treating diglycolliinide (p. 649), 
with excess of warm baryta-water. The solution treated with carbi>nic add, tiltoreii, 
and evaporated, loaves an amorphous residue, from wliich hot alcohol extracts 
diglycollamic acid. The portion insoluble in alcohol is barium diglycollama^, 
(C<H*NO*)*Ba + H^O, which, by covering the evaporated solution with a layer 
alcohol, may bo crystallised in small apparently oblique rhombic prisms. This salt is 
neutral, moderately soluble in water, insoluble in alcohol and ether, decomposes alx)V6 
145*^, and is decomposed by prolonged boiling of its aqueous solution (more easily in 
presence of excess of baryta), giving olF ammonia, and forming diglycollic acid, which 
is partly precipitated as barium salt. Diglycollamic acid separated from the barium 
salt by sulphuric acid forms unsymmetrical rhombic prisms of 84° 15‘. It is por- 
manont in the air, moderately soluble in hot water, less in cold wator and in alcohol, 
nearly insoluble in ether; melts above 125° U) amass which slowly solidifies and 
becomes opaque on cooling (Hointz, Ann. Ck. Pharm. cxxviii. 129 ; Jahresh. 1 863, p. 364^. 

Amidodiglycollic and Diglycollamic acids are respectively isomeric with aspartic 
and malamic acids, which are amiriatod acids derived from malic acid. Aspartic and 
umidodiglycoliic acids are bibasic; malamic and diglycollamic acids are monobasic. 
The constitutional formulm of these aci<l.s, and their mode of derivation from imvlic 
and diglycollic acids, are indicated by the following formuliu : 


coou 

j 

COOH 

CONH* 

1 

CHOTI 

1 

CHNU* 

1 

CTIOH 

(!jh> 

1 

CIP 

1 

1 

CII* 

COOH 

COOH 

1 

COOH 

MuUc, 

Aspartic. 

Malamic. 

COOH 

coon 

CONIP 

1 

^CH* 
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/CH^ 

HN<^ 

/CH* 

\CIP 

\cn* 

1 

\CIP 

COOH 

COOH 

1 

COOH 

Diglycollic. 

Aniklodiglyoollic. 

Diglycollamic, 


The formation of amidodiglycollic acid by the action of ammonia (3 mol.) on 
chloraoetic acid (2 mol.) is represented by the equation : 


COOH 


COOH 

1 

NHHH 

J 

CH*C1 


ybw 

2NH^C1 + HN< 

+ 

NHHH = 

CH*Cl 

1 

NHHH 

\CIP 

J 

COOH 


COOH. 


Diglycollamic acid, being formed by addition of 1 mol. H*0 to diglycollimide, 
C*H*NO* — which is iteelf produced from acid ammonium diglycol late by abstraction 
of 2H^O — may evidently l^ regarded aa formed from the same acid ammonium aalt 
by abstraction of 1 moL H*0 ; thus : 

COONH* CONH* 

/Ah* 

oc - 

\CH» 


XCH* 
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Ethyl-amidodiglgtoUie Acid. CH”NO‘ - “'"‘"‘I 

tthyll* ether of thij bibeeic acid, 

C-H-NO' - C'H-CCr'H'yNO* = 

slowlT in a stream of air at 200“-220o. By boiling with barium hydrate it yields a 
very sparingly soluble barium salt, from which, after separation of the barium by 
sulphuric acidycupric ethyl-amidodiglycollate C«H»NO^, may be prepare^ It fornis 
very soluble, blue, microscopic tables, which do not lose weight at 100 (Heintz, 
JM. €h. rharm. cxlv. 214 ; Zeitschr, f. Chein, [2] v. 153). 

hHiroBamidodwlycollic Acid, C^H-N^O* == C«U«(NO)NO^ -Formed, together with 
oxalic acid, by passing nitrous acid vapour into a solution of amidodiglycollic acid in 
nitric acid of sp. gr. 1*32. Separated from its barium salt by sulphuric acid, it 
crystallittes from the syrupy solution in small pale yellow roctongubir or six-sided 
tables, very much like the crystals of amidodiglycollic acid, but more soluble in 
water i it dissolves also in alcohol and ether, and melts without decomposition above 
100®. Its calcium salt may be prepared by mixing a cold solution of amidoaigly- 
collic acid in strong nitric acid with calcium nitrite till the liquid turns green, 
satutating the warm diluted solution with lime, evaporating to dryness, and treating 
the jresidue-^ith alcohol. Calcium nitrosodiglycollamute 

which after rccrystallisation from water has the composition G'H^N^O Ga + ±1 U ; 
it is more soluble in cold than in hot water, nearly lUHoluble m alcohol, and 
crystallises from the syrupy aqueous solution m cnists which do not any 

water at 180° ; the salt crystallised in a vacuum gives off 4 p. c. mol ) wa^r at 
100°, apd has then the composition of the salt dried at 160 . By treatment with 
ammonia and ammonium carbonate it is converted inh> ammonium nitrosamidodigly- 
collate; and this, by boiling with baryta-water, is converted into the barium salt, 
which by evaporation at the boiling heat is deposited in ^^rystelhne ci^sts containing 
2C^H^N«0»Ba + H'^0, and giving off their water (2*9 p. ^ o 

crystallised at lower temperatmvs has the composition G^IBN O Ba + 2H O, ar^ 
bromes anhydrous at 126° The sUver .o/if C^l^N^O Ag« crystallises from the warm 
dilute solution of the calcium salt, mixed with silver nitrate not m cx^, 
colourless sparingly soluble prisms, which detonate slightly when heated (Heinte, 
Ann. Ch. Phami. cxxviii. 300). 

fCIWOOII 

AmldotrislycolUo Add. CWNO* - N CIPOOOH. TrigtycoUamidsaurc 

\ CU’^GOOH 

(Heintz Afin. Ch. Tharm. cxzii. 269).— Formed, tegether with amidoglycolUc and 
amidodiglycollic acida, by the action of ammonia on chloracotio acid : 

CII^Cl 

* 3 I + 4NH» = 3NH*C1 + N[CH*COOH]». 

coon 

For the mcKle of separating it from the other two acids, see ii. 904. It forms small 
anhydrous crystals, of prismatic character, colourless, inodorous, and having only a 
faint acid reaction ; they become white and opaque at 190° ; fuse and decompose at a 
higher temperature. The acid dissolves in 747 pts. of water at 6 , somewhat more 
freely in boiling water, is insoluble in alcohol and ether. Ilydrochlonc aci 
•Dvocipitates it from the concentrated solution of its salts. The slightly ammonia^l 
solutmn of the acid gives with silver nitrate a white crystalline precipitate ; with 
mercuric nitrate a precipitate which turns grey; cupric sulphate forms in the slightly 
acid solution of the ammonium salt an amorphous blue precipitate ; lead acetete a 
white crystalline precipitate. The precipitate form^ by banum chloride consists of 
^regular six-sided microscopic tables, very soluble in hot water. Calcium chloride 
f^s a precipitate only at the boiling heat (Heinte). , * • 

Amidotriglycollic acid is tribasic, but its monometallic salts have not been obtained. 
The duifnmonic salt C-H’NO»(NH^)=‘ + H*0 crystallises from an aqueous solution 
iiver^ with a layer of alcohol, in needles very soluble in water ; the 

is a white crystalline powder which detonates when heated (Heintz). 
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jieedles which at HO®. The barium C«H’KO*Ba + H*0, 

obtained by boiling 1 mpL of the acid with the Gorre«iio|idiiig quantity of barium 
hydrate or carbonate, fonis sparingly soluble needles ww<i give off their water at 
120°, and decompose between 200° and ^10°. The corresponding ^ salt 
+ 2H'*0 crystallises in moncwlinic prisms of 37® 30' and 142® 30'. much truncated 
in the lateral direction, and with several hemidomes ; soluble in about 80 pts. water I 
becomes anhydrous at n0°-120°, and docomposMi at 210® Tho iribaric salt 
(C*Il'’NO®)®Ba* + 4H’^0, produced by boiling the acid or its ammonium salt with 
excess of barium hydrate, forms thin nacreous quadratic plates, which give 0^ their 
water at 180°. The tHplumbic salt (C*H*NO*)“Pb*, obtained by adding ammbhium 
amidotriglycollate to an excess of basic lead acetate at the boiling heat, separates inv 
opaque laminae, which do not lose weight at 180° (W. Liiddecke, Ann, Ch, Pkamk.,; 
cxlvii. 272 ; Zeitschr. f. €hem, [2] v. 153). ^ 

Triethylic amidotrifflycollate, C‘*H«N()«.(C2H*)*, is obtained by boating tho triaigeullc 
salt with ethyl iodide to 100° for six or eight hours ; at higher temperatutes it 
explcxles. ^ The ether obtained by distilling tho filtered and dehydnited contents of 
the tube is a yellowish oily liquid having a fruity odour, distilling, with partial 
decomposition, between 280° and 290°, somewhat more soluble in cold than in hot 
water. It is decomposed by hydrochloric acid and by alluilis, with formation of 
amidotriglycollic acid. Its alcoholic solution, s.aturjitod with ammonia gas, gradually 
deposits crystals of amidotriglycollotriamide, N(CIPCONli‘*)> (Heintz, Jahresb, 1866, 
p. 397). 

Amidotriglycollic acid subjected to dry distillation gives off water, ammonia, 
dimethylamine, carbon dioxide, probably mixed with carbon monoxide aUd u hyiteo* 
carbon, and loaves a carbonaceous residue. Nearly the same products are obtained 
by distilling the acid barium salt. Amidotriglycollic acid treat<Kl with tine and 
dilute sulphuric acid is reduced tn ethyl-amidodiglycollic acid: OWNO* + 
3H* = 2H'^0 + O^H^NO* (Luddecko), 

On tho constitution of diglycollic, diglycollamic, and triglycollamic acids, see also 
Heintz {J. pr, Chem, [2] iii. 69, 120 ; C’hejn. Soc. J. [2] ix. 236 ; Kolbo, J, pr. Chem. 
[2] iii. 73 ; A, Claus, ibid. 123). 


Glycollamides, 

CH*OH 

CljcoUamide, isomeric with gWcocino, is represented by the formula I ov 

CONH* 

(C«|o)-j°. 

CH»OC»H» 

^hyl~glycoUam\d(yQ>*li^R(y*^ «= | ,18 produced by leaving an alcoholic 

CONH» 

solution of ethylamine and ethyl glycollate to evaporate over sulphuric acid, and heat- 
ing the syrupy residue to 120° in a current of air. It is syrupy, boils at 260®, 
becoming red at the same time, and is decomposed by alkalis, even in the OOlSiMttto 
ethylamine and glycollic acid. It is not altered by boiling with water. ‘Whcfli 
evajporated with hydrochloric acid, it leaves a syrupy residue not containing gtycollio 
acid (Heintz, Ann. Ch. Pharm. cxxix. 27). 

iUnldoglyoollamlde, Olycoolnoinlde, or Olyoooollamtde, C’j|[*N*0 

^ » N| ' (Heintz, Ann. Ch. Pharm. cxlviii. Sf} 

Zeitschr. f. Chtm. [2] r, 161). — This compound is formed, together with amidcdig^* 
collodiamide and amidotriglycollotriamide, by tho action of alcoholic ammonia ta 
large excess on ethylic monochloracetate, this ether being first converted into cHlda* 
acetamide: 


cH*a 

I + NH» 

COOC*H» 

OhloraoeUo 

etesr 


HOC*H» + 
aJcobol 


CH*C1 


lot 


3NH* 
Obior- 
•oetemlds; 


and fhe latter, by prolonged action of aanteonia, into the three amiue* 
mentioned; 'thna:. : -. . "> ’'dn 
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* ioNlI* 
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'.,J OLmidogly- 
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+ 3NH* 


4NH* 


2NH^Cl 


SNH^Cl 


CH^CONH* 

L 

^H'^CONH* 

Amidodiglycollo- 

diftmide. 

fCII^CONH^ 
N CH'^CONH* 
(Cir^CONH* 

Aiiiidotriglycollo- 

triamide. 


To prepare amidoglyctjllamide, the ethylic chloracetato is left in contact for some 
. days with eight times its volume of saturated alcoholic ammonia; the mixture is 
then heated to or 70° for 24 hours ; the sal-ammoniac which crystallises out on 
cooling is separated by filtration ; the free ammonia is loft to evaporate over sul- 
phuric acid ; the solution obtained with the smallest possible quantity of water is 
mixed with alcoholic platinic chloride containing free hydrochloric acid, then with 
a quantity of ether equal to twice the volume of the liquid ; and the precipitiite 
which forms after sUinding for some time is washed on a filter with ether-alcohol. 
A small quantity of Uikewarra water extracts from this precipitate the platinochloride 
of amidoglycollamide, whilst ammonium platinochloride and the platinochlorides of 
amidodiglycolludiamido and amidotriglycollot.riamido remain uiidissolved. The solu- 
tion yields by spontanooxis evaporation largo crystals of the platinochloride of amido- 
glj'collamide, which may bo freed from an adhering syrupy mass by treatment with 
dilute alcohol, and from any remaining portions of the three other platinum salts by 
picking out the crystals and rccrysballising them from water. 

Amidoglycollamide is also formed by heating glycocine with a largo excess of 
alcoholic ammonia in a sealed tube to 155°- 165°. 

The j)latinochloride of amido(jffycollamidf, 2(C’II‘’’N'^0 .IICl) .PtCl* + 2H-0, 

cryatallises in monoclinie, prisms with strongly di.vclopcd oblique end-faces and pro- 
domihant truncation of tn® acute prismatic edge ; it is easily soluble in water, sparingly 
soluble in weak spirit, insoluble in strong alcohol and in ether; gives off its water of 
crystallisation at 105°, intiiinescc'S when heated, and yields a sublimate consisting 
chiefly of sal-ammoniac. Heated with a little hydrochloric acid and platinic chloride 
dissolved in dilute alcohol, it is converted intx) another platinum-compound, yollowish- 
red by transmitted, black-grecn by reflected light, easily soluble in water, insoluble in 
water mixed with jui ociual volume of alcohol. The same compound is formed as a 
seepndary product in the preparation of the platinochloride of amidoglycollamide. 

^ Hydrochloride of AmidoylycoUamidc, C*H*N-0 .HCl, is obtained by mixing the 
Bohttioiyof the plntinochlorido in a small quantity of wat^r with the quantity of sal- 
> ammomac required to convert the platiinim into ammonium platinochloride; evaporat- 
ing' the filtrate in a vacuum ; precipiUiting the filtered aqueous solution of the residue 
y^ith alcohol and ether ; washing the long thin needles thereby obtained with ether- 
alooholfj xedissolving them in water; and leaving the solution to evaporate. The 
-''m’drodilbndo then separates partly in needles, partly in monoclinic prisms having 
prismatic edges very much truncated. It is easily soluble in water, 
alcohol, insoluble in ether; does not lose weight at 106°; melts when 
CiiutloWy heated to a colourless liquid, which solidifies in the crj^stalline form on 
cooling; blackens at a higher temperature, boiling and giving <)fir white vapours, and 
learejf a difficultly combustible, tumefied cinder. By boiling with barium hydrate, half 
n^srogen is given off as ammonia, glycocine being at the same time produced. Its 
#ntrated aqueous solution yields with platinic chloride the platinum salt above 
ribed ; and with auric chloride, yellow microscopic right rhombic prisms with 
^ of about 114°, and sparingly soluble in alcohol. 

'^oplycollamide itself has not been obtained quite pure, because its aqueous 
fiBii IS easily decomp^ed by evaporation, or by boiling with aqueous aloohol, 
into and ammonia. It is separate from the hydrochloride by silver oxide, 

and solution, freed from silver by h^nlrogen sulphide, leaves, when evapora^ 
in a vacuum, a strongly alkaline syrup, which Ulthnatsly solidifies; the solid resMus 
dissolves in the smallest quantity cold water^hut ammonia even in 
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the act of diWwlytfotr.- 

?;:^,^“o^v4ora^ in a vacuum, a etrongly alkaline -yn.p whmh 

li^stolline foTO, effervesces with acids, and yields a solution which rendirtfr l 
wiiter turbid. 
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enneoNH’) , ; 

the action of ammonia on o^Kvl ^^lljs- . 
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replaced by curved * I and ^ 

witlioiit decomposition), loss easily in tol i • r,o at a stroiurer 

rnSdo in Jd alcoliol. ^ begins to gi jm off am. I " hai,™ fonTon 
heat b, a transpa.-e..t “f;- „Jd diglycoUimide ; 

Ca^O> JVTl‘ TcWKO liy prolonged boiling of its -‘i’'--Xif'in’ Si 
ollodiamide is converted to lim solution throws 

ammoniac and diglycollic acui (Ileintz, Ann. th. I harm. 

Cicso. . sl<‘T, •»•>•. i. OS. '.> 

nmmonmm diRlycollalo, ood P 070 olOf“;.;‘,'C‘'‘uky 

by recrystallisation from hot ,1 mS'^it bWiTni 

soluble in ether, easily soluble m 'f l^,t hydroclUerie 

subliming slowly at 100“. It crystallise , - gives off unimoiiia when 

aci.1, is not precipitated by P'f J "1, ^e lOll'AgNO*. is 
treaU'd with strong solution of potash. ■'* ^ \ ' , jj „ of aiglycollimide with silVW 

obtained by precinitat ng a hot <=oncentmt ^ ^ is supersaturated Wifh 

nitrate mixed wiA a littlo ammonia. ^Vh i <lig >«^“™ _.^ aeid, then altered and 

warm baryta-water, and th. * hioli hot alcohol extracts groidodij^y- 

evaporated, an amorphous r. -. lue is Udb fr. m ^nmn ^ 

coll c acid (p. 644) (Heintu, .ion. Ch. I’liarm. cxxviii. , CH%COSa*) 
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(!!Hit<CONH)5 

r, 1 r ni roi w Prepared, together ■«ith 

(Heintz, Zeiischr. f. pi rwi^-TO'" with ammonia not ift 

amide, by heating ethyl cbloracetate U ■ * latter case by orapord^^®^*# , 

in slight excess, expelling the wcess of absolute ether. The aqueemf #^30*^ 

sulphuric acid, and digesting the residue portion of 

the portion insoluble in ether generally de^site a ce ^ ^ absolute 
when evaporated in a ya^um, and the glycolic 

yields a crystalline precipitate of the y J alcohol, redissolvod i® 

Lidotpiglycono^"™-?®; '*■?*' Tl^J it «iution“f these two hydr^ 

again precipitated with alcohol, and urn • . , filtered from the silw 

in cold water is mixed with silver oxide , liouid filtered from the eUrer jSS 

freed from silver by hydregen irulphide; the residue absolutef® 

is evaporated in a y^tim ov^sul^plWg^ «,nidotrigly«)llatriami^ 

extracts the amidodiglycollod4^jde»JI^® ^ , ^^stallisation ^ 

solved. The two compo^ds ^ 

sicohol. 
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' mo^jj^tely soluble in water, and cryst^lises therefrom 

Sn HWbie taMsa. In hot alcohol it is more soluble than triglycoUotriamide, nearly 
tbfolvible in cold alcohol. It has a cocding, somewhat nauseating taste ; the con- 
centraM n^eous solution is strongly alkaline. When cautiously heated, it melts to 
a liquid which crystallises on cooling; at a stronger heat it decomposes, giving otf 
chiefl¥ Vkter and ammonium carbonate, and leaving difficultly combustible charcoal. 
The hydrocMoride C^H®N*0*.HCI dissolves easily in water, and crystallises therefrom 
in rhombic prisms ; sparingly in alcohol ; it has an acid reaction ; melts and decom- 
poses when heated ; does not unite with mercuric chloride. The platmochloride 
2(0^IC®N‘0*.HCl),PtCl* is insoluble in alcohol, sparingly soluble in cold, more 
easily in hot water, from which it crystallises in small, yellow, shining, elongated, 
six-sided tables apparently belonging to the rhombic system. The axirochloride 
.HCl.AuCl* crystallises from hot water in very thin six-sided tables; 
^ih boiling alcohol in long needles. 

Amldotriglycollotriamlde. « ^(CH-CONH^)*. — Prepared as 

above described, together with amidodiglycollodiamide, by heating ethyl chloracetvte with 
an equivalent quantity or a slight excess of ammonia (p, 649) ; also by saturating 
an ^alcoholic solution of ethyl amidotriglycollat<* with ammonia gas. It is easily 
soluble in hot water, sparingly in alcohol, and crystallises from the latter in rectangular 
tables, often with truncated summits. It is neutral to vegetable colours, but 
immediately gives off ammonia when treated with dilute soda-ley, or when its aqueous 
eolution is l)oiled. On mixing the solution of the amide in cold hydrochloric acid 
with alcohol, the hydrochloride . HCl is formed, which crystallises from its 

aqueous solution by evaporation over sulphuric aeid in rhombic prisms with angles of 
nearly ffd® ami 124°. 'Tho pfatinochforide 2(C*H‘^N*0* . HCl). PtCl* is insoluble in 
alcohol and ether, and crystallises from water in deep golden-yellow tables or thin 
laminm, which when heated with excess of hydrochloric acid, are resolved into 
ammonium plati nochloride and another sparingly soluVdo platinum salt. The 
aurochJoride C“I1''''N^0MIC1 . AuCl* forms golden-yellow needles or elongated laminar 
crystals. The sulphate, nitrate, and oxalate are also crystallisable ; the solution in 
acetic acid leaves on evaporation the pure triamide (Heintz, Ann. Ch. Pharm. cxl. 264). 

OXiYCOXiinilC ilCZn and aXiYCOXi'aitZXi. See Dkrivatives of Uric Acid, 
V. 960. 

OXiYCOSZL Syn. with Glucose. 

ttXiTCOTARTikliXC ACZXI. C<ll®0®. — An acid isomeric with tartaric acid, 
|>roduced by heating with^alkalis a compound formed by the combination of glyoxal 
with hydrogen cyanide : 

-t 2CnN = 


find 


C*n<N<0* + 4H*0 « 2Nn» + C<H®0*. 


It is deliquescent, permanent at 100°, but decomposes at higher temperatures, giving 
off the same odour as tartaric acid. Its alkali-metal salts, even the acid potassium 
salt^ are easily soluble, and their solutions are precipitated by calcium chloride, barium 
Chlotide, lead acetate, and silver nitrate. The barium salt consists of C*H*0"Ba + 11*0 ; 
the salt of C‘H*0*Pb + H“'0 (Schdyen, Ann. Ch. PAarwi. cxxxii. 168). 


/kCZl>. This acid is found amongst the products of nitric acid on 
l^yitorin (p. 638). Debus assigned to it the formula based chiefly on the 

, eonftitution of the ammonium salt, which consists of C*H(NH^)0*. Most of the 
however, contain the elements of at least one molecule of water, and maybe 
HHempesentad either as C*HMO" H*0, or as C*H*MO*, the acid being regarded as 
The latter formula is most iu accordance with the composition of the silver 
ilalt G^H’AgO*, for silver salts are almost always anhydrous. The formula 
is iMIher corroborated by the formation of the acid by heating the silver salt of 
broi^^lyoollic sudd with water (Perkin a. Duppa, ii. 912): 

C*H*AgBrO» + H*0 = AgBr + C*H«0«. 


by Perkin a. Duppa {Chem. See. J. [2] vi. 197) point to the 
■ - that thecom^und C*H*0* is the anhydride of glyozylic acid, and analogous 

to glycol^ 

^CHOH 


GlycoUide, O^foxylide. 

^ibromacetate, heated with anhydrous ether, isodoTertediutoa 
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'svhich gives up nothing to water, but when treae«$9% p6t«Mh hr. Mi!^ 
converted into a bromogl^collate ; hence this jeliow powder appears to <$^taia bsoi^ 
glycollide, formed according to the equation : ' 

CHBr» _^t?BBr 

I AgBr + I 

COOAg 

Silver Dibrotn- B-omoglyoollitie. 

acetate* 

This reaction renders it probable that silver bromoplycollate when heated will also 
vi»*ld, not an acid, but an anhydride. In fact, when tliisaalt is heated in a sealed tube 
witli anhydrous ether, a yellow powder is formed quite insoluble in ether, ||iid,the 
ether doe's not acxiuire any acitl reaction, whereas if glyoxylic acid had been itomcd, 
it would have dissolved in the other and rendered it acid. The yellow pdWdsttxis 
likewise insoluble in water, but when heated with baryta, it irnmodiatolv yields the, 
decomposition-products of glyoxylic acid, viz. oxalate and plycollate. 'iMiese resultti 
indioato that the yellow powder contains glyoxylido, (.-''ir'O*, from which glyoxylio 
acid is afterwards formed by addition of the elements of water. The formation of 
tl\o glyoxylido is represented by the equation, 


CIIBrOH 


I 


CO 

filyoxylklo. 


^CIIOH 

AgBr + O 1 

COOAg 

Silver Bromo- 
glycoUate. 

When dry silver bromogly collate is heated in a sealed tube for several hours in the 
water-bath with absolute alcohol, a yellow powder is formed, together with a clear 
licjuid which is perfectly neutral to dry litmus-paptw, but instantly reddens the pajwr 
when moiatened. On evaporating the alcohol, a neutral liquid is left perfectly soluble 
in water, and exhibiting when heated with lime-water the reactions of glyoxylio 
acid. Tills liquid is ethyl glyoxylato, formed according to the equations, 

Cni'BrAgO’ = AgBr -h C*JP0» 


and 


silver Brojuo- 
glycoUatc. 

C^II’O* 

Glyoxylidc. 


Oloxylido. 


cni’^on 

Alcohol. 


CTWACW 

Ethyl 
glyoxylatc. 

Thi.s reaction seems to show that the body C^II-0* is an anhydride, and not glyoxylfe 
acid ; for in tlie latter cose water would have been formed, and would have imptvrted 
an acid reaction to the liquid : 

[car-'o* + c^H^on « cti(c^h‘)o« + n^o]. 

Olyoxyllo 

acid {?). ’ 

A further argument in favour of the formula C’lI'O* for glyoxylic acid is aifblded 
by the behaviour of that acid with the pentachloride or pente bromide of phosphovu#. 
Perfectly dry calcium glyoxylato distilled with phosphorus jwntabromide yf^^a 
hydrobiMmicacid, phosphorus oxyhroraido, anddibromacetyl bromide, which , 

solved in absolute alcohol, and treated with excess of water, yields ethyl dibromacftJMSf I ; 

CH(OH)* CHBr® 

I -f 3PBr^ eoi I + 3PBr*0 + 3HBr, 

COOH COBr 

The compound C^H(Nn^)0*, from which Debus deduced the formtila 
glyoxylic acid, is regarded by Perkin a. Duppans an amide which is converted ihtoji 
ammonium salt when dissolved in water. 

Dry sodium bromoglycollato hetited to 120®-! 30® is gwdually decomposed 
treating the product with cold water, sodium bromide dissolves, and a white 
remains which dissolves in boiling water, forming a solution which 
chaiHcters of glyoxylic acid. This white substance appears to be 
diesolveft in ammonia, forming ammonium glyoxylato. Glycwllide ainiilr' 
yields glycollhinlde ; and it might be expected that glyoxylido would r' 
amide ; but the latter appears immediately to take up water, which 
an ammonium salt. . • j 

f is a very chara^^ristic reaction of glyorf*® \ 
jtslate is mixed llsth a^ine oxalate, ana the liquid i# 

^A colomdess |olutie^ is olWMned, which when boiled, or ereb'l 
, depo^li a bright orange-coloured precipitate 
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see Terreil (J^oAmi. 1864 v 

826)4 from W ^22; JhAresi. 1866, p. 865V 

from Wales : D. Forber (P^ (4] xxxiv. 338 ; Ja/iresb, 1867, p. 972). ^ ’ 

For the refining of golcM--which is usually, effected by fusing it with silver and 
treating the alloy with nitric or sulphuric acid (ii. 926)-~F. B. Miller (Chem. Soc. J, 
[2] vL 606) recommends the use of chlorine gas, which does not attack the gold 
oven at highs-lwnperatures, but converte the silver and the other motaJs into chlo- 
rides. The gol^ is fused with borax in an earthenware crucible, previously dipped 
in borax solution to prevent it from being penetrated by the silver chloride. The 
crucible is closed by a well-fitting, but not luted cover, through which a small hole is 
bored. As soon as the gold is melted, a tobacco-pipe stem is inserted through this 
i-pertUfe to the bottom of the crucible, and chlorine gas, wliich need not be dried, is 
passed into the fused motal. By this simple method, as much as 100 ounces of gold 
may be refined at once. By means of a heated pipe-stem used as a pipette, a sample 
jf file gold is taken out from time to time and its finenc.ss tested in the usual way. 
When the operation is completed, the crucible is removed from the lire, left to cool till 
the gold solidifies, and tho chlorides of the other metjvls, which still remain liquid, 
ire poured into a mould so as to form them into a plate. The gold remaining in tho 
ahicible is remelted, and cast into ingots. To reduce the silver chloride, tho plate is 
laid between two flat pieces of iron and immersed for 21 hours in water acidulated 
fjith sulphuric acid. The metal thus reduced still contains a little gold, which may be 
extracted from it by treatment with nitric acid, the gold being thereby separated howevey:, 
not in globules, but in the fiocculont state. It may also be separated by fusing tSio 
silver chloride with a small quantity of alkaline carbonate, whereby a cei*wiin quantity 
of metallic silver is separated, which reduces tlie gold coitipletoly. In this manner a 
regulus of argentiferous gold is obtoined, b)gethor with silver chloride quite free from 
gold. By experiments carried out in the lioyal Mint at Sidney, it has been found that t 
the meth(xi al>ovo described is well adapted for practiciil use, and is not attended with 
greater loss than tho methods generally practised. 

> Metallic gold dissolves when heated with strong sulphuric and a little nitric acid 
i(the finely divided precipitated metiil dissolving most readily), forming a yellow liquid, 
ijvhich when diluted with water, deposits the metal as a violet or brown powder, 
solution also becomes covered with a shining film of reduced metal on exposure 
to moist air. On addition of hydrochloric acid or a metallic chlori<lo, auric chloritio 
If formed, no longer precipitablo by water. A gold-solution exhibiting the same 
Ax>pertios is formed by electrolysis of a mixture of 9 pts. sulphuric and 1 pt. strong 
m^ic acid by means of a Grove’s battery having a gold plate for the positive, and 
Iplftfinum for the negative pole. Gold is likewise attacked in tho electrolysis of strong 
Jtafiphuric acid alone, but immediately reduced again by the evolved hydrogen (Spiller, 
jyeufs, X. 178). 

^ A^ording to NickUs (Jnn. Oh, Phys. [4] x. 318), the easily decoTnposiki?#higher 
chlorides, bromides, and iodides are capable of dissolving gold. The ethor- 
ibom^unds of tho perbromidcs and {>erchloridos (p. 596) are easily reduced by gold- 
IfSliSf with separation of chlorides and bromides insoluble in ether, and formation of a 
ethereal solution which exhibits the characteristic reactions of auric chloride. 
‘'The bromides and chlorides corresponding to the sesquioxides of manganese, cobalt, 
ndi^ickel (?) dissolve gold even without the aid of other ; so likewise does a solution 
t^ffsrric bromide at 60° or in sunshine, and the solution of plumbic tetraclilorido, 
ts a solution of ferric chloride remains unaltered in contact with gold. Free 
in water does not act upon gold under ordinary pressure ; but gold-leaf 
to 60° in a sealed tube with iodine and water is gradually dissolved ; also, 
hugh more slowly, when the water is replaced by ether. An ethereal solution of 
|qne dissolves gold-le^f under ordinary pressure in very bright sunshine. Iodii|e^ 
**''^taa8cent state also unites with gold. Ferric iodide, and the iodides correspon^ti&J 
“Sfgher oxides of manganese, bismuth, and other metals, are decomposed 
motion of nurous iodide (it is sufficient to ]^ur hydriodic acid upon the 
Id gold-leaf). In presence of ether, hydriodic ficid itielf ia decomposed, 

aurous iodide; gold-leaf immersed in ether is onickly dissobil^On pai^ii^hy- 
tSf^lKUd into the lic^uid. Hydrobromic acid does n^^xBifnt this ittpibn (l^ie)&)^ 
of metallic zinc introduced into a sohltion gold in^^ailmniiun sulj^^ 
jM'Coated with metallic gold (C. D. Braun, Zeitic^./, fSirj ' 

ffydratM, — The light chestnut-brown compound obtained 1 
chloride with magnesia/anri treating the precipitate i 



tomur with ether *nd hydrloaio‘%eld a red solution which 
Itflim ferrocyanide till after etandixig for some tUne 
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off at 100<^ a quantity of water corresponding to Ifee forinal«(^^u*0^i||^d or 
(Wittstein, ZeitscAr. / Chem. [2] ii. 59). > ‘ 

According to J. C. Fischer {Dingl pol. J, 81, 129 ; JahrrsK 

1866, p. 266), gold-purple in the air-dviod state contains, as essential constitnerits, 
only metallic gold, stannic oxide, and water. Its formation phico in two stages, 
as shown by the equations : ; 

2AuCl» 4- SSnCP == Au* + 3SnCl* ^ 

and 

SSnCl* + 6IPO ^ 3SnO* + 12nCl. 

If the solutions are mixed in the requisite proportions (100 pts. gold to 90 pts* tin), 
the precipitate contains 1 mol. gold to 3 mols. stannic oxide. Any exCess of 
gold remains in solution ; hut if the solutions are sniTiciently dilute, an excess of 
^tannou8 chloride renders the precipitate richer in stannic oxide ; th«> proportion of the 
latter is likewise increased by addition of stannic chloride, although this compoui^- 
has no influence on the formation of the true gold-purple, 

Qold Chlorides. — Auric chloride, AuCl*, is ri'solvcd at about 200® into motalUc gold 
and aurous chloride, AuCl,aiid at higher temperatures iiitogoUi and chlorine. Kevcrth#k> 
less, auric chloride may be sublimed and obUiincd thereby in rather large crystal^ aTATi 
at a temperature higher than that at wliich it ordinarily decomposes — namely, bv 
passing chloririeovor gold-leaf heated to 300® in a tube ; auric chloride is thou forn^sd, 
and condenses on the cooler parts of the tube in long needles. In this case the reso- 
lution (dissociation) of the trichlqrido into gold and chlorine is prevented by the ten- 
sion of the atmosphere of chlorine by which it is surnmndod (see Chkmicau ArFiNiTV, 
p, 425) (Dobray, Compt. rend. Ixix. 984 ; Zeiischr.f. Chem. [2] vi. 87). 

According to Prat {Conqd. rend. Ixx, 840; Zeiisekr. [2] ri, 275), an intermedinto 
chloride is formed by dissolving gold-sponge in a solution of tlio trichloride, or by 
heating the monochlorido with the trichloride. 31y passing chlorine over !iny 
of gold at a Buitaole temperature a volatile chloride may bo obtained containing 
clilorine than the trichloride (?). 4^ 

0&ABA.MXTB. A pitch -black mineral resembling albertito, occurring in 
County, Virginia. It is insoluble in alkalis and in alcohol, partially soluble in 
and in ether, almost wholly in chloroform and carbon bisulphide ; softens at abouC^t^ 
20(1®, and contains 76*45 p. c. carbon, 7*82 hydrogen, 13*46 oxygen, and 13*46 asjbt 
(11. Wurt^, SUL Am. J. [2] xlii. 420). 

GBAITATni'. This name is applied by R. Hermann {Jnhrcsh. 1807, p. 696]^ 
a mineral, hitherto regardc4l as serpentine, f(/and near the month of the 
Achtaragda in Eastern Siberia. It is Tnassire, opaque, ash-gre/ with a tufa 
aspect, and uneven dull fracture ,* hardness *=< 8 ; sp. gr. 2*60. Ac<*ording*f^i^i^,’^^ 
Hermann’s analysis, it is a mixture of 57*43 p. c. garnet’and 42*57 serpentine. 

a-BOPPZTB. This mineral has been found by Descloizoaux in the 
greenish granules in the anhydrite of Modane in Savoy (//«//. Site. Geol. de 
xxii. 25 ; Jahresb. 1865, p. 893), 

GirdA.XAC02«« C^H*0*, has the composition of methyl-pjTocatechin, c*h»(c:b^ 
and is resolved by distillation with kxline, phosphorus, and water, into methyl | 

.and pyrocatechin ; 

C'H*0* + HI = CIHI + C*H«0* 

Conversely it is formed by heating pyrocatechin in a sealed tube to 
- with equivalent quantities of hydrate and methyl-sulphate of potassium : 

C-HOO* + KHO + CH»KSO* « C’H"0* + SCr»k« + IPO 

{Qbiup-Besanez, Jahresh. 1867, p. 668 ; ZeiUchr. /. Chem. [2] iv. 392). 

CKutiaool occurs, together with crabaol, in certain kinds of wrsvi-tar 

(p. 668). Eheuish beeeh-tar 4Sreo80te treated with hydrochloric acid and pot 
chloratis odmpoufidB^ tetrachior<^uaiacono and totrochioroc] 

forquitioB ia. jegplented by tba'^qquatioas ; 



C^»0» 
CHoalool* 

€m«0* + 


lOCl 


lOCl 


CWCPO* + 

Tetrschloro- .. 
gtudmx^e. 

^ C*H«CPO« + 

TefcnM^Uoro* 

CrMWUHl. 


6HC1 


6HCL 
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They are separated by cold chloroform, in whi^ tetrachloroguaiiwson^ v ttUtolabk 
This compound forms lemon-jrellow inodoron^ti^les having a 
laminar crystalline mass. It is idioelectric, sifl^mes at aboU] ^M ^^|p^.-'|^^ ■ ig decoin- 
posed by rapid heating, with formation of copper-red 

nearly insoluble in cold water and alcohol, dissolves slowly in cOWistW, ea^y in 

boiling alcohol or chloroform (Grorup-Besanez). . '' i ;-, \ 

According to Marasso (Ann. Ch. Phartn. clii. 80), these compotmds are formed not 
from guAiacol and creosol, but from crosyl alcohol and phloiyi alcohol existing ia'the 
creosote (p. 504). 


Ol^AM'XBZn'S, CH'N®, or Carhotriamine^ ip(^* (Hofmann, CAm. . 

[2] ii. 1073 ; iv. 721). — This base is formed : o. By tlio action of ammonia on chloro-" 
picrin : 

CCBNO* + 3NH> = CH^N».nCl + 2HC1 + NHO^*. 

^ is easily prepared in large quantity by heating chloropicrin to 100*^ for several 
Ipprs with a strong alcoholic solution of ammonia, exliausting the resulting saline 
tmktnre with anhydrous alcohol, which leaves the sal-ammoniac completely* un- 
disaolved, and repeating this process once more with the guanidine hydrocliloride 
dissolved ill alcohol. , 

Guanidine is also produced ; 3. In small quantity by the action of ammonia at 
1 60® on ethyl orthocarbonate ; 


C(C2n»)^0^ + SNH^* + IPO = CIPN'.H'O + 4C2n«0. 
y. Together with urea and other products, by the action of ammonia on carbonyl chloride 
(Buuchardat, Co/upt. rend, Ijcijt. 061). — S. By heating cyanamido in alcoholic solution 
with ammonium cliloride : 


CII^N^ + NlI^Cl = HCl + C1I»N> 


(Erlonmoyev, Zeiiiichr.f, Ckcm. [2] vii. 28). 

Gtumuline JSitrate, ClPN*.liNO*, is precipitated from a solution of the hydro- 
chloride mixed with potjissium nitrate, as a crystalline powder, and may be obtained 
by recrystaUisation from boiling water, in sparingly soluble laminar crystals. Mixed 
with si7ccr nitrate, it forms tlio crystalline compound CII'N*. AgNO’. M(xlerately 
concentrated solutions of guanidine hydrochloride and auric cldoride yield long 
needles of the gold salt, CH^N^ . IICI . AuCl®. 

Dry guanidine hydrochloride dissolves easily in heated aniline, the solution giving 
off ammonia when boiled and solidifying on cooling. Water extracts from this 
'product aniline hydrochloride, and loaves a compound which cryshillises from alcohol 
in needles, does not dissolve in acids or in alkalis, and has the composition of mol- 
aniline, C1P(C*H^)*N*, but differs altogether from it in properties. Toluidine acts upon 
J^nidlne hydrochloride in a similar manner. 


Substituted Guanidines. 

; ^lonmoycr has obtained methyl -, phenyl-, and* tolyl -guanidine by a pro- 
similar to that above mentioned for the production of guanidine itself, viz. by the 
on of cyanamido on thp hydrochlorides of methyhiuiiue, phenylamine, and toluidine. 
y i^ihyi-guanidine thus obtained does not differ perceptibly in its own properties 
A those of its salts from methyluramino obtained by oxidising creatine or ereati- 
(tl*- 1009), excepting in the platiuochlorido, which appears to differ somewhat 
ilil^stalline form from that of methyluramine, 

, ( C‘" 

9M|^lienyl-guanidlne or Carbo-tHplienyl-«trlamto C*®H‘^N* = N*-^ (C*H*)*. 

'■ t ■ " ^ . I 

having this composition was ffrst obtained by Hofmann (iv. 464) by theactioA 
of ibcdliue on carbon tetrachloride : 

C*» 



CCP + 3(C«H\H*.K) = 4HC1 + 


(e’H®)* 


(CAem. Soc. J. [2] iii. 31) obtained the same compound by the actiAA of a 
c^'^^itioropiGrin ; and a base isomeric with this (at first however regaidod aa tn 
Kaotahilidet C^H^N*) has been obtained by Merz a. Weith (ZeUsekrs f, ' 

<509 ; v- 683, 659) by the action of heat and of various desiliphii 
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1. wJplMgarbaDilide carbon bU^phido and hydrogen sulphide 

gttiJudine*^ 


aniorph(wiir'^treous mass p^mains, consisting of tripheuyl- 
aniline, T^' decomposition is represented by the following 


N» 


N’^ 


CS 

(C«Il^)* 

m 

Sulphocarb- 

aiiiiido. 

CS 

+ 


n] 


c«n* 

u=* 


N 5 

" j OH» 

Snlpho- - 
corbauil. 


Bulphocarb- 

anilide. 

{ CS 

H* 

BulpHocarb- 

aiiilide. 


i cm^ 

Rulpho- 

curbauil. 

K<C“JP 

Auiliue. 


CS2 + 


- ns + 


C*' 

(CMI**)* 
i IP 

Triplu'tiyl- 

giiuniilhio. 

C‘^ 

I 3P 

Triphi-n.vl- 

KuauiUiiio. 


n4 


N»| 


The decomposition begins below the boiling p<iint of aniline, iind after boating for 
several hours to 160°, considerable quantities of t.ripbcuyl-guanidinp are obtsiimsl. 
Carbanilido, N*(CO)"(C*Il*)'^II‘^, when thorouglily dry, splits up in the same manner, 
yielding triphonyl-guanidine, together with anilino, carbon dioxide, and water. The 
decomposition is represented hy equations precisely similar to the above, the sulphur 
in each being replaced by oxygen. 

2. Triphonyl-guanidine is also produced, as a hydroclilorlde, when sulphocarbauilide 
is fused with lead chloride : 


3N2 


CS n 

C' n 

(C«1P)* + PbCP 2 ] 

N». (c«ip)vnci 

H* L 

ii« -i 


+ CS» + PbS. 


On exhausting the product with a Utflo ailcohol, adding a large quantity of water, atid 
o\’aporating the filtrate, the pure liydroclilori<lo crystalliMCS out. 

3. Ammonium sulphocyanato heated with excess of aniline yields HuccessWely 
sulphocarbanilamido (phoiiylsulphocarhamido), bulphocurbanilido (di phony lsuli>hocar- 
bamide), and triphcnyl-guanidiue ; thus: 

CS 
Nil* 


n|] 


CS 

+ C*H\NH» * NH* + N-‘.'C«ll' 

( U» 

f CS CS 

N* C«H» + C^H^.NIP « NU» + N**- (C«1I^)= 
i H« H" 

f CS f O' 

N‘M(C«H*)* + C«H*.N1P = H'^S + N^UCIPy 

I I 

4. Triphenyl-guanidine is likewise pixxluced by heating sulphocarlmnilide 
nu-PiUic copper, cuprous sulphide being also forine<l, tx^gethor with greasy secoi 
proilm-ts consisting of hydrocarbons, probably resulting from the decomiKjsiiiol^^^ 
methylene formed in the first instance : 

( CS f C' 

3NM(C«H‘)» + 3Cu* « 3Cu*S + CI1» + 2NN (C*!!')'. 

I IP ( IP 

6. Together with phenyl sulphocyanate, when sulphocarVjanilido JS heatad 40 

160°-170® with conceutrab 

CS 


^5. ry 


phenyl sulphocyanate, when 
utrated hydrocldoric acid (Merz a. Weith) : 


JC-lfCH*)* + HCl 
[ H* 


« N^j 


C«H‘ 


.HCl + N 


ic*H* 


Auillne hydro- 
ctiloride. 


( CS 
' Vt H* 


^senv 




Phenyl 

sulphocyanate* 

Clr 


,HCl 


Aniline hydro- 
ohloriue. 


H*s + NNCc^Hy.na 

I 

Tii vbeny l'«fttaftk!itk|^;» 
byUrecUockkib ^ 
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6. Also when an alcoholic solution of iodine is poured into a boilix^ aleoholie 
solution of sulphocarbanilide (Hofmann, Zeitaohr.f. Chem. [2] v. 671) ; 


2N*|(C^»)^ + I* = 


C«- '..H: 

(C«H»)» + 2HI + a 

H- 


7. By the action of 1 mol. phosphorus trichloride on 3 mol. carbanilide and S mol. 

aniline (Merz a. Weith): 

C'^ 


(C»H»)* + 3HC1 + H*PO*. 
H* 


( CO 

dN^\(Cm^y + 3(C*H».NH2) + PCI* == 3N* 

( H* 

8. By the action of 2 mol. PCI* and 3 mol. CO* on 9 mol, aniline 

C» 

9(C«H*.NH*) + SCO* + 2PC1* *= 3N» 


(C-H*)* + 6HC1 + 2H*PO« 

C H* 

(Merz a. Weith, Zeitsckr. /. Cliem. [2] vi. 160). 

Triphenyl-guanidino is susceptible of three isomeric ii' edification s, viz., 
a P y 

NH(C«H'‘) N(C«H*)* N(C“H^)* 


CzzN- 


-C«H* 


CZINH 


c=:K(C«h*). 

I 

NH* 


The base obtained by the methods above given is the a modification ; this is shown 
for example by its formation from sulphocarbanilide and aniline ; thus: 

Nn(C«n‘) NbKC^H'') 

I (cm^ I 

CZIS + N4 H = H^S + CZIN— C«H». 

I I H I 

NH(C«n‘) NH(C'n») 

Moreover, this base when heated with potash yields nothing but aniline and potassium 
car^D^te, whereas the bases /3 and y should yield diphtnylamino and ammonia ; 

KH(C«H») 

CZZN— + 2KHO + H*0 - K^CO* + 3(C«n*.Nn‘-). 

NH(C«ir'') 

Hofmann’s carbotriplicnyltriamino, obtained by the action of aniline on carbon 
tetrachloride, is regarded by Merz a. Weith as difierent from their triphcnyl-guanidine ; 
but the published descriptions of the two products do not exhibit any essential 
dilference of properties. Moreover, Hofmann’s reaction should yield a symmetrically 
constituted triamine identical in structure with that obtained from sulphoc^irbanilide 
by the methods above doscribeil. This may be seen from the following equation, in 
which the 4 hydrogen-atoms removed from the 3 aniline molecules to combine with 
the chlorine are printed for distinction in italics : 

fCl NH(C-H*) 


Carbon 

chloride. 


//II(C«IP)N 

jy^//(C«H*)N 

3 mol. aniline. 


== 4nci + CZZN— C«H> 
KH(C»1P) 

Triphenyl- 

gnanidine. 


«t Triphenyl-gua^’' line is nearly insoluble in boiling water, dissolves in 22 pts. of 
absolute alcohol at much more e.'v.sily in the hot liquid, and crystallises therefrom 
in white needles on cooling. The pure base melts at 1 43°, but the melting point is 
joonsiderably lowered by the presence of small quantities of foreign substances. It is 
not volatile without decomposition. At 250° it gives off a liquid conbiining aniline^ 
and frDiU'280° upwards a gelatinous liquid smelling like bitter almond oil and solidi* 
ifyingto a hard vitreous mass, while a carbonaceous residue is left. 

' ATriphenyl-guanidine exhibits some remarkable colour-reactions with oxidising 
agents. A ^lute solution of its hydrochloride, mixed with about 1 pt. potasHum ekJiio^raiii^ 
wLle a 


and a little hydrochloric acidf acquires a yellowish and after a wh 
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And di^Mots dark-cnlouw^ flocks, which dissolve in alcohol with a fine violet colour ; 
thin layics of this solution exhibit a fine garnet-red colour by transmitted light ; 

libera 4^ opaque. When a larger quantity of potassium chlorate is used, the 
tints of alooholic solution incline more to red, afterwiirds to yellowish. Triphenyl- 
guatijdiDl^ heated with a very largo quantity of potassium chlorate deposits white 
flocks coloured by prolong^ boiling, and form conjpact brick-rod to 

maddef'Wnd^ p s rt i ol es, which are also dissolved by alcohol with violet-rod colour. 
^^i^Ww^ltelr ^ted other oxidising agents react in the same manner with tripheayl- 
guanidli^ p^uces, even in very dilute solutions of the hydrochloride, 

an immediate whitish turbidity, which becomes flesh-coloured or lilac-coloured on 
heating the liquid. In concentrated solutions, or on agitation, the cloudy precipitate 
collects into flocks, probably consisting of chlorinated triplionyl-giianidine. The 
products obtained by all the processes above described exhibited exactly the same 
colour-reactions, down to the minutest detail. 

Triphonyl-guanidin© in alcoholic solution precipitates various metallic salts, 
ferrous and ferric salts, but not lead salts. In a stream of hydi*ochh>ric acid gas it 
becomes very hot and absorbs the gas, forming tlio ht/tfrochloride . HCl, 

which crystallises from water or alcohol with 1 mol. water. Tlie nitrate . UNO* 

forms nacreous laminae, which, us well as the hydrotlilorido, have a distinct alkaline 
reaction. sulphate C'®II'’N*.Il-SO* crystallises from a hot solution containing 

free sulphuric acid in broad colourless nceilles having a strong acid reaction. The 
oxalate forms nacreous laminae, also having an acid reaction, but 

only slightly soluble. 

A Triphenyl-guanidine heated to 160^-170° in a sealed tube with a largo excess of 
carbon bisulphide is converted into sulphocarbanilido and phony Isulphocyauato : 

N>[C‘^(C«H»)»H2] + CS2 = N2(CS)"(CTP)'TP + Cx\S(C'’lP) ; 
and when hydrogen sulphide is pissed through it while fused at 170°, aniline distils 
over abundantly, and sulphocarbanilido remains behind : 

+ ir*8 N«(CS)"(CTI')='n» + 

As carbon bisulphide, hydrogers sulphide, and triphonyl-guanhlino are the final 

S roducta obtained by the actiun of js at on sulphocarbanilido, it is easy to see that 
uring this decomposition the carbon In'sulphido and hyilrogcn sul))hido will act upon 
the triphenyl'guanidine in the mHiiner shown by the equations just given, thereby 
greatly diminishing the quantity of triphoiiyl-guariidino ultimately obtained ; in fact, 
90 p. c. of the sulphocarbanilido remaius undecomposod (Morz a. Woith, Z^itschr, f, 
Chem. [2] vi. 72). 

Triphenyl-guanidino is decomposed in a similar manner by heating it to about 250^ 
and passing carbon dioxide through it, the pnnlucts being carbanilide, aniline, and 
pungent vapours (perhaps carbaiiil). Heateci with water to 170°- 180°, it also yields 
carbanilide and aniline (Merz a. Weith). ' ^ 

An alcoholic solution of tri phenyl-guanidine absorbs large quantities of cyanogme 
gae^ and the saturated solution after some time deposits yellowish-white crystals of ft; 
base, C*'H”N“, which in contact with hy<lrochlopic acid assumes a deep yellowish-rod 
colour, due to the formation of a salt. This salt cannot, however, be isolated, being 
quickly resolved, with evolution of ammonia, into yellow crystals of oxalyl- 
triphenyl-guanidine, ^ 

the equation ; 

+ 2H«0 - 2NH® + 

This last compound boiled with alcohol and hydrochloric acid yields aniline and 
diphenyl-parabanic acid, the latter body being ultimately resolved into aniline, ‘oxalic 
acid, and carbon dioxide (Hofmann, Berichte d. deuisoh. chem. Qeeellechaft^ 1870, 
p. 761). 

A base having the composition but differing in properties from the above, 

is produced by the action of cyanogen on aniline. (See PHKNTLAMrNRs.) 

Vrito^-ir«uuB«4Iiift, C**H"N» « N»[C»»(C’H')»H*], is obtained by reactions 
exa<^y similar to those which yield triphenyl-guanidine, e.g. by fusing sulphocarbo- 
tolnide (ditolyl-sulphocarbamide, N*(CS) '(C'H’)H*) with metallic copper, or by heating 
it alone or with hydrochloric acid. It aissolves in 1 3*6 pts. alcohol at 0°, move easily 
in hot alcohol or ether, and crystallises from alcohol in tufts of long satiny needles, 
resembling theine ; very slightly soluble in boiling water. It melts at 
iienaUy soUdifles to a transparent vitreous mass ; leaves a c»rbomu5eous residne wh^ 
distiljsd. Its aleoholio solution has a strong alkaline reaction, and precipitates ftrvriSf 
and liid salts. 


UU 
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The solts of tritolyl-^am'dino crysfailliso with remarfcible fiicility, and ai« on the 
whole much less soluble than those of triphonyl-guiinicline. The l^drocMoride 
jjQl 2£i.'Q crystallises from cold alcohol by slow evaporation in large 
transparent prisms ; from hot water in more tabular crystals. The piatinochloride 
C'"H'‘‘®N’.HCl.PtCl^ forms slender yellow or orange-coldured needles, sparingly 
soluble in hot water. The nitrate C-^‘4l-*N*.IINO’ crystJillisos on adding nitric acid 
to a iiot solution of the base in aqueous alcohol, in white slender needles ; from 
boiling water in prisms. Dissolves in 1,400 pts. water at 0°. The sulphate 
crystallises from hot water in iridescent laminaj having a neutral 
reaction and moderately soluble in water (Merz a. Weith). 

Tritolyl-guanidine is decomposed by carbon bisulphide and by hydrogen sulphide 
ill the same manner as a triphenyl-guanidine. Diphenyl^tolyl-guanidine heated with 
carbon bisulphide yields as chief prixlucts, sulphocarbanilido and tolyl-sulphf)cyanato 
(Merz a. Weith) ; 

N*[C(C‘‘n»)*(C'H')HT -h CS* - N‘‘XCS)'’(C“H^)^H2 + CNS(C»H’). 

OlTARAirA or Uarana, the fruit of Paullinia sorbitis, has been analysed by Peekolt 
(Jahresb. 1866, p. 709). The sced-sholls contain 2-443 p. c. caffeine; the shelled seeds, 
i'813 p. c. ; the pulp, 4*288 p. c. 

Guns. Gum-arabic heated to with 2 pt.s. of acetic anhydride swells up to a 
mass which, when washed with boiling water and then with alcohol, leaves a white 
amorphous insoluble powder, whicli is saponified by alkalis with reproduction of 
soluble gum. This substance is d i acetyl- a rab i n, C®H'*(G‘‘H®0)’-^0*. If the gum 
bo heated to ISO'^ for five or six hours, with excess of acetic anhydride, triacety - 
arabin similar to the former is produced (Schvitzenberger a. Naudin, Compt. rend. 
Ixviii. 814). 

Ritthausen (J. pr. Chem. xcii. 321 ; Jahresb. 1867, p. 747) has obtained from the 
grain of rye a kind of gum soluble in dilute alcohol. It resembles vegetable mucilage, 
•and is obtained by digesting rye-flour with cold alcohol of 50 p. c., and mixing the 
clear extract with a large quantity of strong alcohol. The ropy voluminous coagulum 
thereby separjitcd dries up over sulphuric acid, after washing with strong alcohol, to 
a loose colourless mass, which (after deduction of ash) consists of When 

dried and finely pulverised, it forms with 25-30 pts. water, or with 30-40 pts. aqueous 
alcohol, a thickish solution difficult to filter, which dries up to a yellowish resiilue 
resembling gum-arabic. Cupric sulphate and potash form with the solution a light 
blue precipitate insoluble in excess of potash ; load acetivte, neutral or basic, and 
mercurous nitrate do not precipitate it. The aqueous or alcoholic solution of the 
gum has no action on polarised light, but by prolonged boiling with dilute sulphuric 
acid it is converted into dextroglucoso. 

Chagual gum, a variety brought from St. Jago de Chile, resembles gum-senegal. 
The portion of it, amounting to about 75 p. c., which is soluble in water, has the com- 
position C'*H“0“, is not thickened by borax, is precipitated by neutral lead acetate, 
but not by potassium silicate, and when treated with dilute sulphuric acid is completely 
converted into dextroglucose (Pribram, Jahresb. 1867, p. 747). 

On the precipitation of dextrin gum by alcohol from solutions containing vegetable 
mucilage, see Gunsborg {Bull. 8oc. Chun. v. 626 ; JaHresb. 1863, p. 571). 

GUnXMZC ACX1>. This name was given by Reichardt to a crystalline acid, 
which he obtained by oxidising ghicose with cupric oxide in alkaline 
solution (ii. 956). It has since been examined by Folsko (Aim. Ch. Pharm. cxlix. 
856 ; Zteitsohr. f. Chem. [2] v. 228), working under Reichardt’s direction, who finds 
that the syrupy light yellow liquid which remains on evaporating a solution of the 
acid over calcium chloride, has the comp»sition C*H’*0** ; this he designates as 
hydrated gummio acid (Gummisdiirehydrat)^ and represents by the formula 

3HO.C‘mO'> + 6ffOor 3IP0.C«H">0'» + 6H»0 + Baq., accord- 

ing to which it is a sexba.sic acid. It has an intensely sour taste, mixes in all 
proportions with water and alcohol, turns the plane of polarisation to the left. It is 
precipitated directly by lime-water, and after neutralisation, by calcium chloride, the 
precipitate being soluble in acetic acid, insoluble in ammonia ; ferric chloride produces, 
after addition of alcohol, a yellow-brownish precipitate. The acid easily reduces 
platinum and silver salts. The syrupy acid, after standing for a considerable time, 
deposits rhombic prisms of gummic anhydride, C*H'®0‘*, which dissolves easily in 
alcohol and water, and reacts like the acid. The solution is Imvog^'rate. The anhy- 
dride does not give off water below 110^; emits acid empyreumatic vapours between 
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110® and 120® ; melts at 140® -150® ;and blackens, with incmiseJ emission of empyreu- 
nuvtic vapours, between 160® and 190®. 

Gummic acid forms cry stall Uable salts containing 4 and 6 atoms of univalent 
metal, 2 or 3 at. of bivalent metal: thus there are two sodium salts conttiiniug 
respectively C*H'®0'*Na* + 2aq. and OIl‘*0**Na*H** + 2aqf ; a so lio-potassic salt, 
and two barium salts containing + 6aq. ami 

Ci»H«oo«.Ba*H* (Felsko). 

Gummic acid has also been examined by A. Claus (Z.tV.vc-^r. /. Chcm. [2] v. 152), 
according to whose analysis it is a bibasic acid, ideulical or isomeric with 

oxymalonic acid. Its barium and calcium salts have tlio composition and 

C^H'O’^Ca. Gummic or oxymalonic acid is not, however, the obief prcxluot of the 
oxidation of glucose by alkaline cupric solutions, being formcil, indeed, only in small 
quantity, together with oxalic, formic, and acetic acids, and the gum obtained by 
lleichardt. 

Oxygummic acidt produced by oxidation of gummic acid, is described in 

vol. iv. p. 312. 

C17M;nsXX>£S. See Glucosidks (p. 636). 


CS-TTH’-COTTOWr. Pelouze a. Maurey {Ann. Ch. Phys. [4] iii. 186) nssign to this 
BiibsUncD the formula ; Blomleau (Comp^. rend. Ixi. 378) gives the 

formula 5N^O’‘. Abel, however {Phil. 'I'rans. 1866, p. 269 ; 1867, p. 181; 

Chem. Soc. J. [2] v. 310, 605), has shown, by a series of very earci’ully conducted expt;ri- 
nients, that when Lenk’s dirt ctions for the cleansing and nitration of the gun-cotton 
are exactly carried out, uniform products are obtained, wboso composition, with the 
exception of slight variations due to admixtures to bo presently noticed, is represenUd 
by the formula of tri n i f rocellulose, C»1I/^0^3NW or mV{m’^yO\ (iv. 777). 
This result, deduced from numerous analyses, is also in accordance with tlie increase of 
weight which the cotton undergoes by nitration. The slight differences between the 
observed results and those required by the formula of trinitrocelluloso are duo part ly 
to the presence of a small quantity (0'75 to 1 p. c.) of a yellow acid nitro-compound 
soluble in alcohol, which is pnMiuced by the action of tlie nitric acid on foreign 
substances still present in the purified cotton, and partly to the presence of 1 to 1’5 p. c. 
of the lower nitro-dorivativos of cellulose. (See PyaoxTi-iN, iy. 782.) 

Well-prepared gun-cotton exposed to diffused daylight or dir(K*t sxuiHhinc gratUuuly 
gives off a little gas. but witlumt undergoing any essential alteration. Pelomce a. 
Maurey found indeed that gun-cottx>n undergoes nipid <locomposition even at tem- 
peratures below 100®, giving off nitrous vapours and sometimes exploding; but 
accopling to Abel, neither tri nitrocellulose nor tlio less nitrated pnxlucls just men- 
tioned are affected when pure by a temperature near 100®, and the easy decompo- 
sibility of gun-cotton sometimes observed is duo to the presence of nitro-derivatiyert 
of foreign organic substances (the incrusting matter of the cellular tissue), which 
w'hon heated, quickly docom[>ose, with formation of free acid. Ihis tendency to 
docMimposition may be arrested by impregnating the finished gun-cotton with scmium 
carbonate. Gun-cotton may bo preserved for any length of time by immersing^t 
in water, or saturating it with moisture sufficiently to render it uninflammable. In 
this condition it is less dangerous than gunpowder am be rendered by any priicess 
whatever, may be transported as safely as raw cotton, and is less prone tluvn the latter 
to gradual deterioration by mouldiness and putrefaction. 

The normal firing temperature of gun-cotton is about 160®, but under peculiar 
circumstances it may take fire at 136®, or when very loose musses are slowly 
heated, not till 206®. When the temperature is very gradually raised, the gun- 
cotton decomposes without taking fire, and is converted into a brown non-explosivo 
substance (Abel). According to W. L. Scott {Bull. Soo. Chim. [2] ix. 383), ghn-cotbm 
explodes instantly in contact with the alkali-metals (but not with thoir amHlgams) 
even when all friction is avoided. Other metals do not act in this way ; pulvonsca 

arsenic however induces the explosion on percussion. . , . .. i « 

On the explosion of gun-cotton under the influence of detonating substances, 
such as fulminating silver and mercury, chloride of nitrogen, Ac., see Combustiow 
(pp. 486-488). 


U Abel, in connection with his experiments on gun-ci^Um 
(Pyboxtxiic, iv.779), has also examined the behaviour of gunpowder when heated m 
rarefied air. When small quantities (4 grains) under an air-pump receiver exhaus^ 
to a pressure of 16 to 61 milUra., are touched with a fine, platinum wire heated 
to reilness, the grains nearest to the wire fuse, give off sulphur-va^urs with ebub 
lition, and at liStt^ fire, scattering at the same time the rest of the noigntud. 
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powder. Under a pressure of 76 millim. complete ignition takes place after about 
four seconds. The same phenomena are exhibited in an equally rarefied atmosphere 
of nitrogen or of oxygen ; in the latter case the combustion is somewhat more 
brilliant. After combustion under very low pressure (below 38 millim.), the atmo- 
sphere of the combustion-chamber was always found to contain nitrous acid, and 
a sulphuretted compound having an odour of horseradish {Proc. Roy. Soc. xiii. 
204). Similar results have been obtained by Heeren {Dingl. pol. tT". clxxx. 286). 

Tlio products of the combustion of gunpowder under different circumstances have 
recently been examined by Fedorow (Zeitschr. /. Chem. [2] v. 12), who finds, in 
accordance with Craig {Dingl. pol. J. clxi. 462), but contrary to Karolyi (iv. 958), that 
these products vary in composition according to the mode of combustion. The 
powder-residue was prepared by firing a pistol within a glass tube 4 feet long, and 
by firing a 9-pounder copper cannon, using 3 pounds (Russian) of powder for each 
charge. 


Composition of the Powder and of the Charcoal contained in it. 


Powder. 


Potassium Nitrate . 

. 74*175 

Charcoal , . . . 

. 14-835 

Sulphur . . . . 

9-890 

Water . . , . 

1*100 


100*000 


Charcoal. 


Carbon 

72-5 

Hydrogen . 

2*9 

Oxygon 

223 

Ash 

. ^3 


100 0 


The residue was dissolved in water, the curbon and sulphur separated by filtra- 
tion, and the filtrate agitated for several days with cadmium carbonate. The amount 
of sulphur in the pohissium sulphide was calculated frr^m the cadmium sulphate; 
the potassium hyposulphite was determined by precipitation with silver nitrate ; the 
potassium sulphocyanato was estimated by the calorimetric method (Bunsen’s) ; the 
carbonate by preci pi biting with manganese chloride and weighing the resulting man- 
ganic oxide, Mn^O*. The amount of potassium nitrate was calculated from tlio 
difference. The following results are the mean of several closely agreeing analyses • 


Composition of Powder-residue calculated on potmds of dry substance. 


Blank cartridge with ; 


Cannon-shot 



t — 




with 3-lb. charge 


0-76 

grm. 

1*5 grm. 

f 

^ 

K^SO* . 

48-25 

47-61 

40*83 

43-28 

15-00 

15-15 

K*CO> . 

23*44 

24*13 

30*96 

31*90 

37-00 

36-20 

K^S‘^0* . 

16-53 

17-03 

19*32 

17*74 

8*28 

7 44 

K*S . 

0-97 

0-54 

2*49 

1*67 

38 18 

39-55 

KNO« . 

5*81 

6-66 

2*79 

1*73 

— 

— 

KCNS . 

0-54 

0*54 

0*66 

0*66 

0-33 

0*33 

S. 

C. 

4*381 
4-08 i 

4*49 

3*05 

<0*22 

J2 90 

0*09 

0*09 

1*02 

Sand, CuO . 

— 

— 

— 

— 

0-82 

0-2^2 

(NH*)2CO* 


traces 


— 

— 


These analyses show decidedly that an increase of the charge is attended with a 
more complete combustion of the j^wder. The higher the pressure attending the 
explosion, the smaller is the quantity of undccomposed powder (KNO* + C + S) 
in the residue, and the greater the amount of potassium sulphide and carbonate in 
this residue, the sulphate diminishing in the same proportion. At high pressures 
the quantity of hyposulphite likewise diminishes. Retarded combustion, such as 
may be obtained by admixture of fatty matter with the powder, acts in the same 
manner as iucreas^ pressure. With a blank charge of l o grm. of a mixture of 
100 pts. meal-powder and 0'5 pt. stearic acid, a residue was obtained containing 

K*SO* K»S*0* K»CO» K*S KCNS 0 S 

81*57 22*25 39*09 2 01 0*74 4*02 0*32 « 100. 

The proportion of hyposulphite was therefore increased, and that of sulphate 
diminished. 

In the experiments with the cannon, 100 pts. of anhydrous powder yielded 49*61 
pts. of dry residue, whence it may be calculated that 1 grm. of powder would yield in 



GUTTA-PERCHA. 


661 


this Cftse 0*039 grm. aqueous vapour, and 258*7 c.c. gasoa (« 82*6 c.c. N + 
162*1 c.c. CO* + 14 C.C. SO* and O). Nearly all the carbon was therefore converted 
into CO*. 

The preceding results lead to a theo^ of gunpowder different from that deduced 
from the experiments of Bunsen a, Schiechkoff (ii. 958). 

In the combustion of gunpowder several successive reactions take place. First the 
sulphur takes fire and potassium sulphate is formed ; then the excess of oxygen burns 
the carbon to CO*, which escapes with the nitrogen, while the excess of carbon 
reduces the potassium sulphate, forming potassium carbonate, hyposulphite, and free 
cjirbon dioxide (or monoxide) ; thus : 

I. 2KNO* + S + C = K^SO* + N + CO*. 

II. 2K*SO* + C* = K*S*0* + K*CO» + CO*. 

If the proportion of sulphur iu the powder docs not correspond with the normal 
composition 2KNO* + S + 3C, as in Kussian^wder or in the sporting powder used 
in the experiments of Bunsen and Schischkoff, K*CO* is formed in the first stage of 
the reaction as well as K*SO*. 

In combustion in an open tube, the two reactions indicated by the above equations 
are the only ones that take place ; but in combustion under prossuro the free carbon 
exerts a further action on the hyposulphite ; thus *. 

III. 2K*S*0* + C* « 3CO* + 2K*S + S*. 

In this case also the free sulphur may act upon the potassium carbonate formed as in 
equation II. The hyposulphite is also decomposed at a high temperature. The 
sulphur acts upon the potassium carbonate essentially in the manner shown by the 
equation ; 

IV, 4K*CO« + S* = K*SO* + 3K*S + 4CO*. 

Brugfcre {Compt. rend, Ixix. 716) describes a kind of gunpowder prepared by mixing 
54 pts. ammonium picrate with 46 pts. nitre. In the combustion of this powder the 
whole of the charcoal is burnt, and the residue consists entirely of potassium car- 
bonate : 

C‘U*(N0*)*0 . NH« + 2KNO* - SCO* + 3N» + 311* -h K*CO*. 

The volume of gas produced by the explosion is about 2^ times ns great as that which 
is formed by the combustion of an equal weight of oixlinary gunpowder. The new 
powder takes fire when touched with a burning body, but not by percussion. At 160® 
it assumes an orange-red colour, but undergoes no further alteration; at 190® the 
ammonium picrate begins to volatilise; at 300® the nitre melts, and at 310® the 
j)owder explodes. By prolonged contact with water it is resolved into potassium 
picrate and ammonium nitrate. 

White Gunpowder, — ^This name Is applied to an explosive material for firc-arinB and 
for blasting, invented by K. Schultze {Dhvgl. j^ol. J. clxxv. 453), and ctniHisting of 
nitrated wo^y fibre impregnated with salts rich in oxygen. To prepare it, ftnelpr 
divided wood or sawdust is first freed from acids and soluble substances by boiling it 
with a weak solution of sodium carbonate, and washing in running water, then dried, 
exposed to a current of steam to separate albuminous substances, again washed, 
bleached with chlorine, and finally washed, first with cold, then with hot water, and 
dried. The woody fibre thus purified is nitrated by maceration for some hours in a 
mixture of nitric and sulphuric acids, then washed with weak alkaline ley and with 
water, and dried. The product is a feebly explosive material which leaves a 
considerable carbonaceous residue when burnt ; in this state it may be proeervwl and 
transported with safety. When required for use, it is steeped in a solution of pot^assium 
nitrate or of mixed potassium and barium nitrates, and drierl at 32®--44®. This 
powder is said to be considerably more powerful than ordinary gunpowder as a blasting 
agent, and to produce little or no smoke ; but it does Hot appear to be well adapted 
for fire-arms. 

Respecting other explosive mixtures proposed as substitutes for ^npowder, 
London Journal of Arts, 1864, pp. 29, 87 ; Chem, Newe, xi. 19 ; IHngl. pol. clxxii. 
229, 236; clxxxii. 248, 251, 344; BuU, Soc. Chim, [2] ii. 391; v. 234 ; Jahre^, 
1864, p. 796 ; 1866, p. 859 ; also Richardson and Watts s Chemical Technology^ pt. iv. 
435 ; pt. V. p. 386). Respecting the methods of estimating the force of gunpowder, 
see the last-mentioned work, pt. iv. p. ,474. 

«inrrA*»aacaUL. The alterations which this substance undergoes in course 
of time have been carefnlly stndied by W. A. Miller {Chem. Boe, J, [2]^ jib 273). 
These alterations depend upon oxidation (ii. 962), which takes plopce espeemilj when 
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the gutta-percha is exposed to light and to the alternate action of air and water. 
Gutta-percha kept under pure water or aea-water retains its original properties for a 
long time ; but it’ exposed in sunshine to the alternate action of air and water, it 
gr^ually increases in weight, becomes brittle, resinous, more soluble in alcohol and 
in dilute alkalis. Pure milk-white gutta-percha, -perfectly soluble in benzol, ether, 
and carbon bisulphide, has the composition of a hydrocarbon, Heated to 

100° it softens and gradually takes 4*4 p. c. oxygen, becoming brown, resinous, and 
brittle ; the oxidised portion is insoluble in benzol. Commercial gutta-percha, such 
as is used for the manufacture of cables, becomes liquid at 100°, and wmUii ns, together 
with the pure hydrocarbon and mechanically enclosed water, a considerable quantity 
of the resinous oxidation-product, as shown by the following analysis : 

Hydrocarbon Besin Woody fibre Water Ash 

79-70 15 10 2*18 2-6 0-62 =? 100. 

After drying at 100° it exhibited the composition A ; the oxidised portion soluble in 
alcohol had the composition B ; the portion soluble in benzol, and precipitablo there- 
from by alcohol, had the composition 0 : 



Carbon 

Hydrogen 

Oxvgen 

100. 

A . . 

. 84-66 

1115 

4-19 = 

B . . 

. 7615 

1116 

12*69 = 

100. 

C , . 

. 8722 

12-04 

0-74 = 

100. 


Commercial gutta-percha, if excluded from light, may also be kept for months or even 
years under water or in air ; but when it is exposed to light in the open air, the 
portions on which the light falls quickly assume the composition above given. 


H 

HiClMCATfiZXr* See Htematoxylin (iiifra)* 

BJBXVUTZZr. See Blooi> (p. 365). 

¥T ATPoxPTJg- This substance, originally found in blood and afterwards in 
bile (iii. 3), is most easily obUvined, according to Hulm {Bull. Soc, Chim, [2] viii. 60), 
from the Corpus luteum of the cow. According to Piccolo a. Lichen, however, the 
diehroic crystals obtained from the latter source are not identical with hsematoidin. 
These chemists also consider it most probable that hcematoidin is identicuil with 
bilirubin, and propose to designate the new substance from the Corpus luteum as 
luteohaomatoi'diii or haemolutein (p. 497). Jaffe {Jahresh, 1862, p. 637) 
linds that hsematoidin (from the brain of an apoplectic patient) exactly resembles 
bilirubin in its reaction with nitric acid, becoming tirst green, then blue, violet, &c. 

w agiiwr A *ro3rirT.iiflr. — A solution of this substance, or paper saturated 

with it, is recommended by Wildenstoin {^itsehr. anal. ii. 9) as a test-piper, 

especially for the detection of ammonia, the fixed alkalis, alkaline earths, and certain 
metals (iii. 5). Swedish filtering paper thus prepared has a yellowish colour 
when dry, and is coloured red, violet, or violet-blue by the smiillest trace of an alkali. 

As ha^mab^xylin reduces silver salts, it may bo used, like pyrogallic acid, for 
developing photographic pictures. A solution for the purpose may bo prepared with 
0-5 pt. hamatoxylin, 80 pts. distilled water, and 22 pts. acetic acid : a little glycerin 
may also bo advantageously added (Tabensky, Zdtschr.f^ Chem. [2] v. 386). 

Haematoiii may be quickly prepared by passing air containing ammonia, by 
means of an aspirator, into a bottle containing hsematoxylin suspended in water, the 
delivery-tube terminating just ab<ive the surface of the liquid: by this arrangement, 
an excess of ammonia avoided, which would produce a brown amorphous substance. 
When a considerable quantity of heematoxylin is used, it may be simply drenched 
with ammoniacal water. The process yields a solution having a fine violet colour, 
and forming with acid ammonium sulphite a precipitate soluble at the boiling heat 
(Tabensky). 

According to Schiitzonberger a. Paraf {Jahresb. 1862, p. 495), the violet solution of 
hsematoxylin in ammonia is decolorised by heating to 100° for 48 hours in an 
Gxhauste<l tube, a colourless pasty mass being formed, which the authors designate 
M haematinamide ; on exposure to the air it quickly takes up oxygen, and turns 
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violet. It is slightly soluble in water, easily in alcohol, ether, and hydrochloric acid, 
and is precipitated from the latter by ammonia in white flocks. 

BJBUKlir. 1 « T> 

BUEMCOOXiOBZir. ; ^ 

BJBBSOXalTTJBZir. See Corpus Lutrum (p. 497). 

SL^BBBZAXnNTZTfi. A fluoride occurring at Arksutflord in Greenland, together 
with cryolite and pachnolite. It is opaque, has an ochre-yollow or wax -yellow colour, 
and uneven fracture ; hardness = 3 to 3*5; sp. gr. 2*59 to 2-60. Contains: 

Al Fo Ca Mg Na P Si ITO Insol. 

12*06 6-96 11*18 2*30 8*45 40*30 779 10*44 1*08 

(Shepard a. Hagemann, Sill. A?n. J. [2] xli. 119). 

BSikT. Thkiimomktry. — A convenient form of air-ihermoinctcr^ for the approxi 
mate measure of temperatures above 300°, has been contrived by Bert helot (/law. CA. 
Thy&. [4] xiii. 144, and xv. 413). It consists of a cylindrieal bulb of glass or silver, 
with thin sides, of about 4 cubic conliin. capacity, communiciiting at the upper end 
with a capillary tube of uniform bore, about 1-2 metro long and 0 2 mm. in diamotor. 
At a distance from the bulb of about 200 mm. this capillary stem is bent so as to 
become horizontal, and at about 250 mm. further on it is bent downwards at a right 
angle, and, after proceeding vertically downwartla for a length of aboiit 730 mm,, it is 
again bent up, and terminates in a wide open bulb. A double graduation is 
attached to the vertical part of the stem : on one side a scale of millimetres, and on 
the other a scale of thcrmometric degrees. These two scjvles are both divided upon a 
flat strip of wood, which is supported so as to bo capable of being moved a short dis- 
tance up or down the stem, and then clamped in any required position. The bulb and 
stem having boon mjide thoroughly dry, a small quantity of pure dry mercury is poured 
into the bulb at the lower end of the stem, and by means of an air-pump the pressure 
in the bulb is reduced to 20 or 25 contim. of morcin*y ; in tin’s way part of the nir is 
removed from the thermometer, and on rest«>ring the atraospheric pressure, mercury is 
driven up towards the top of tlio verticjil part of the stem. If the thermometer is to 
V)o used lor indicating temperatures near 50(J®, the quantity of air removed ought to bo 
such that a difference of tomporaturo of 1°, at ordinary atmospheric tempemturos, 
makes a difference of about 1 mm. in the hoig:ht of the mercury in the stem. The 
thermometer is graduated empirically by marking on the scale the points at which the 
mercury stinds in the stem when the bulb is surrounded by tee, and by the vapours of 
hailing water ^ boiling mercury, and Itoiling sulphur respectively. These points being 
marked 0®, 100®, 350°, and 440°, the intermediate temperatures, as well as tempera- 
tures below 0° and above 440°, are supplied by inter- and extrapolation. It is evident 
that the four fixed jwints must be determino<l when the barometric pressure is sen- 
sibly constant, Bertholot docs not admit greater variations tlian 1 mm. of mercury. 
When the instrument is used to indicate unknow'n temperatures, the barometric 
pressure will in general be different from that under which it was graduated ; but the 
rofjuisito adjustment can bo made by immersing the bulb in pounded ice, and pushing 
the graduated scale up or down the stem until the zero-mark agrees with the 
extremity of the mercury-column. 

The action of the apparatus is easily understood by reference to the laws of the 
expansion of air. With the dimensions of bulb and stem that have boon indicated, the 
changes of volume of the air in the thermometer consequent on the mercury standing 
at different heights may be neglected without sensible error ; hence, if Hq be the pressure 
(measured in millimetres mercury) which the air supports at 0°, and + A the 
pressure supported by it at i°, we have the equation (comp. iii. 49) * 

Ho + A - Ho(l + a0» 

whence 



1 + af, 


or 



which shows that the temperature indicated is proportional te the depression A of the 
mercury-column from the position occupied by it when the thermometer is at 0°, siuM 
the denominator Ho« of the expression for ( is constant. This calculation, however, ip 
only approximate, as the expansion of the bulb, the expulsion^ of some air from the 
bulb into the stem, and the effect of variation of temperature in the part of the stem 
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occupied by ait, are not taken into account. The effect of these circumstances would 
be to make the length of a degree upon the stem get gradually less and less as the 
temperature rises; but with the dimensjons indicated this occurs to a very small 
extent, and the mode of graduation by actually fixing the position of four known tem- 
peratures on the scale almost entirely eliminates the errors which juigbt otherwise 
arise from these causes. Berthelot concludes that the possible error, even at tem- 
peratures near 500^, ciinnot exceed 2 or 3 degrees. 

For measuring the toraperaturo of the ocean at groat depths, where an ordinary 
thermometer would give wrong indications in consequence of the pressure supported by 
the bulb, a Six’s thermometer (v. 768) with its bulb enclosed in a sexjond or outer bulb 
sealed round the neck of the stem, the intermediate space being partially filled with 
alcohol, was suggested by Professor W. A. Miller (Proc. JRoy. Soc. xvii. 482), and has 
been used with success by Pr. W. B. Carpenter (ibid, xviii. 408). 

Siemens's Eesisiance Therm&mcter (iii. 23).— A description and diagram of this in- 
strument will be found in Poggendorffs Annalen, vol. cxxix. p. 647 ; and another form 
of it, in which the ratio of the resistances of the two coils is indicated by a differential 
voltameter, is described in the Proceedings of the Eoyal Society, vol. xix. p. 443. 

Specific Heat. Methods of Ohsermiion . — A detailed account of Regnault’s method 
of oxperimontiug in the case of solids or liquids, with a full discussion of all the need- 
ful corrections, is given in Pogg. Ann. exxii. 269. A modification of the same method, 
whereby it becomes possible for a single experimenter to perform every part of the 
process without the help of an assisbint, is described in full by Pfaundler (JSogg. Ann, 
cxxix. 108; Ayin. Ch. Phys. [4] vii. 253). A simplification of licgnault’s method of 
experimenting is also described by Kopp (Ann, Ch. Pharm. Supplemcntb, iii. 25 ; PhU. 
'IVans. 1865, p. 71 ; Chem. Soc. J. xix. [N. S. iv.] 169), but in the way in which ho 
employed it, it does not seem capable of giving very exact results ; a more accurate 
method of carrying out the same process has, however, been given by Bettendorff 
a. Wiillner (Pogg. Ann. cxxxiii. 293). 

For a description of Bunsen’s method, by means of his ice-calorimeter, see Pogg. 
Ann. cxli. 1 ; Phil, Mag. [4] xli. 161 ; abstr. Cheyyi, Soc. J. xxiv. [N. S. ix.] 180; and 
for the method employed by Julius Thomsen, depending on the observation of the 
change of temperature caused by the heat given out in the combustion of a constant 
volume of hydrogen, see Pogg. Ann. cxlii. 337. 

Numerical Eesults . — The most important determinations of specific heat that have 
been made known between the publicjition of vol. iii. and the end of 1869, with a few 
still more recent, are collected in the following tables. 

The variation of specific heat with temperature has been investigated by Bkle (Mhn, 
couronnSs de VAcad. de Brua:elles, xxvii. 1 ; Wulluer’s Lehrbuch der Experimental- 
pliysik, ii. 241), who finds that the mean specific heat between 0® and any other tem- 
perature i®, may bo represented by an expression of the form 

c = k -v atf 

in which k and a are constants depending on the nature of the metal, the former ^ 
denoting the specific heat at 0®, and the latter the increment of the specific heat p|p'' 
degree above 0°. The following table gives the values which he found for these 
coefficients for the metals examined, namely : 


Copper 

. k = 00910 

a = 0*000023 

Iron . 

„ -1053 

„ *000071 

Lead , • 

. „ •0286 

„ *000019 

Tin , . 

„ -0600 

„ *000044 

Zinc . 

. „ 'OSes 

„ '000044 
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Table of Specific Heate of ElemetUary Suheiancee. 


Name of Substance 


Aluminium > 

Antimony . 

Arsenic . . . 

»t (crystallised) 

„ (amorphous) 
Bismuth . 

Boron (amorphous) 

„ (crystallised) 
Cadmium . 


Calcium . 

Carbon (natural graphite) 


.. (p’ 


(gas carbon) . 


(purified) 


(iron graphite) 


„ (diamond) 

Copper 
Indium 
Iron 
Lead 

Magnesium 
Kuthenium 
Selenium (crystalline) 


(amorphous) 


Silicon (graphito'idal) 
II (crystftlliiio) 

„ (fused) 

Silver 

tf • - 

Sulphur (rhombic) 

Tellurium . 

Tin . . 

,1 feast), 
n (allotropie), 

Zinc . . 


fied) 


Specific noAt 

Authority 


0*202 

Kopp. 


•0496 

Bunsen. 


1 *0623 

Kopp. 


•0822 

Neumann 


Ann. exxvi. 137). 

*0830 

Bottendorff 

Wiillner 

and 

•0768 

Ditto. 


•0305 

Kopp. 


•264 

— 


•230 

— 


‘0642 

— 


•0648 

Bunsen. 


•1670 

— 


•2019 

Bognault {Ann. Ck. 


Thys. [4] vii. 460). 

•1977 

Rognault. 


•1966 

Bottcudorlf 

Wiillner. 

and 

•174 

Kopp. 


•1968 

Rognault. 


•2000 

— 


•2040 

Bottendorff 

Wiillner. 

and 

•185 

Kopp. 


•1961 

Bettendorff 

Wiillner. 

and 

•160 

Kopp, 

and 

•1483 

Bottendorff 

Wiillner. 

•0930 

Kopp. 


•0670 

Bunsen. 


*112 

— 


•0316 

— 


•245 

— 


•0611 

— 

and 

•08401 

Bettendorff 

Wiillner. 

•0860 

Neumann. 

and 

•0963 

Bettendorff 

Wullner. 

•181 

Kopp. 


•165 

— 


•138 

— 


•0660 

. — 


•0659 

Bunsen. 

* 

•163 (between 17® and 46®) 

1 Kopp. 


•1712 

Bunsen. 


•0476 

Kopp. 


•0548 

— 


•0669 

Bunsen. 


*0646 

— 


•0032 

Kopp. 


•0935 

Bunsen. 
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Table of Specific Heats of Compounds, 


Formula 

Spoctfic 

Heat 

Authority 

Formula 

Specific 

Heat 

Authority 

Cu»0. 



111 

Kopp. 

PbCO* 

•0791 

Kopp. 

CuO . 



*128 

— 

CaSiO* . 

•178 

— 

HgO. 



•0530 

— 

CaiMgiSiO* 

•186 

— 

PM) . 



•0553 

— 

CuSiO^.H^O . 

•182 

— 

Fe»0* 



•312 

•156 

z 

Mg!?FeASiO* | 

•189 

•189 

. 




•194 

— 

APK^SPO** 

•183 

— 

MiriFeiCrfAliO^ 

•159 


APNa^Si'^O*® . 

•190 

— 

Cr"0» 



•177 

— 

NaBO* 

•2364 

Neumann. 

Fe20> 



•154 

— 

Na^BO’ . 

•229 

Kopp. 

FeiTilO* 



•177 

— 

Na2B'0^ lOH^O 

•385 

— ' 

1 Mn20».H"0 


•176 

— 

PbMoO* . 

•0827 

— 

MnO'" 



•159 

— 

CaWO* . 

•0967 

— 

SiO* . 



•186 

— 

FeiMfWO^ 

•0930 

— 

SiiZriO* 



•132 

— 

PbCrO* . 

•0900 

— 

SnO‘" . 



•0894 

. — , 

K*CrO« . 1 

•189 

i — 

TiO’ . 



•157 

— 

•1840 

Neumann, 

TiO* . 



•161 

— 

K^Cr^O^ . 1 

•186 

Kopp. 

MoO» 



•154? 

— 

•1857 

Neumann. 

WO» . 



•0894? 

— 

IIKSO* . 

•244 

Kopp. 

SMO’ 



•0927 

Neumann. 

K'SO* . 1 

•196 

— 

1F0» . 



•2341 

— 

•1860 

Neumann. 

Cu*S. 



•120 

Kopp. 

( 

•2293 

Schuller. 

CuiFeiS 



•131 

— 

Na"SO< . \ 

•227 

Kopp. 

HgS . 



•0517 

— 

1 

•2280 

Neumann. 

PbS . 



•0490 

— 

(NII•)''SO^ 

•350 

Kopp. 

ZnS . 



•120 

— 

BaSO^ 

•108 

— 

FoS* . 



•126 

— 

CaSO* 

•178 

Kopp. 

KCl . 


5 

•171 



CuSO* 

•184 

Pape. 


1 

•1663 

Neumann. 

MgSO« . 1 

•225 

— 




•213 

Kopp. 

•2165 

Neumann. 

NaCl. 



•219 

— 

MnSO* . 

•182 

Pape. 



1 

•2070 

Neumann. 

PbSO« 

•0827 

Kopp. 

NH<C1 



•373 

Kopp. 

SrSO* 

•135 

— 


I 

•3908 

Neumann. 

ZnSO« 

•174 

Papo. 

AgCl. 



•0894 

— 

CuSOMT^O 

•202 


KbCl 



•112 

Kopp. 

MgSO^.H^O . 

•264 

— 

BaCP 



•0902 

— 

ZnSO*.H*0 

•202 

— 

HgCP 



•0640 

— 

CaS0«.2H20 . 

•259 

Kopp. 

MgCP 



•191 

— 

CuS0^2H20 . 

•212 

Pape. 

Pb'Cl* 



•0692 

Neumann. 

ZnS0^2IPO . 

•224 

— 

BaCP.2H*0 


•171 

Kopp. 

FeSO*.3H^O . 

•247 

— 

ZnK*CP 



•162 

— 

CuS0^5H*0 1 

•285 

Kopp. 

PtK^CP 



•113 

— 

•316 

Pape. 

SnK^CP 



•133 

— 

MnSO*.5H=0 | 

•323 

Kopp. 

Cr»Cl* 



* -143 

— 

•338 

Pape. 

Nal . 



•0881 

Schuller. 

NiS0^6H*0 . 

•313 

Kopp. 

CaFl* 



•209 

Kopp. 

CoSO*.7H*0 . 

•343 

— 

AlNa'Fl* 


\ 

•238 

•206 

— 

FeSO<.7H*0 1 

•346 

•366 

Pape. 

K*CO* 

Na»CO» 


\ 

•2046 

•246 

Neumann. 

Kopp. 

MgS0^7H'0 1 

•362 

•407 

Kopp. 

Pape, 

Kb*CO* 

CaCO» 


• 

•123 

•206 

— 

ZnSO«.7H*0 1 

•347 

•328 

Kopp. 

Pape. 

CaOb» 



•203 

— 

NiS0^7H*O . 

•341 

— 

CaMgC 0* 
FeAMnAMgA 


•206 

— 

K^MgS*0«.5H20 

*264 

Kopp. 

CO* 

' -166 

— 

K*NiS*0*.6H*0 

•246 

— j 
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25zWc of Specific Heals of CompotUtds (continued). 


Formula 


pZnSfOVeH'O 
Al K' 9 ‘ 0 '‘. 24 H ’0 
0r«K‘'‘O“.24H*o! 

Na’S’O* 

K'S'O* 

BaS’O* 

PbS-'O’ 
ir^iAsO* 

IPKPO* 

NaPO* . 

I fused 

KNOM crystal ^ 
( lised ) 
' fused . 


Specific 

Ucot 


Authority 


Formula 


I 


fused . 

I crystal - ) 
lised 5 


N1PN0> 

IiaN=0» 

PIjN«0® 

i SrN^O* . 
AgNO» e 
KCIO* . 
PiiCPO" . 
KC10» . 

KMnO* . 
llpCPN* . 
ZnK’C^N^ 
FeK*C-N«. 
FeK‘C«N^3H*0 


•270 

•371 

•324 

•221 

•197 

•163 

•092 

•175 

•0896? 

•280 

•217 

•227 

•232 

•2343 

•265 

•256 

•257 

•2747 

•455 

•145 

•1492 

•110 

•1173 

•181 

•1395 

•194 

•157 

•190 

•179 

•100 

•241 

•233 

•280 


Kopp. 

Pape. 

Kopp. 


I C»C1‘|' 

i’ 


' b 

2 C'»11M 


between 18® and 
37® 

between 18® and 
43® 

between 18® and 
, 60® 

/between —26® 
I and 18° 


— C*"!! 


Neumann. 

Schuller. 

Kopp. 

Neumann. 

Kopp. 

Neumann. 

Kopp. 

Neumann. 

Kopp. 

Neumann. 

Kopp. 


20 ® 


I 66® 


295®) 

c^n-o 


between 1 7 
and 20’5® 
between 
. and 30® 


amorphous 


35®) 

C”II“0" ] 

C'H'O* 

C‘11'0* 
C'lI'O'.H’O 
(BinSaO* . 

C*II*KO‘.2II’0 . 
CWKO* . 
C'H'NnKO*.4H«0 
C'U'*CaO".8H’0 


Specific 

Heat 

Authority 

•178 

Kopp. 

•194 

— 

:] -277 

— 

1 -3096 

Alluard. 

( -3208 

— 

1 -3249 

— 

. *4087 

Neumann. 

1 -2168 

Schuller. 

. -6748 

Neumann. 

0 ) 

[ -6043 

Dupr6 and 
Pago. 

-6019 

Schiillor. 

^ •2337 


1 . *301 

Kopp. 

. •842 

— 

. -324 


. -313 

— 

. *288 

— 

. -319 

— 

. -143 

— 

. -236 

— 

. -283 

— 

. *257 

— 

. ‘328 

— 

. -338 

— 

1 


“1”; .«» . o-ommu . 0 

^nine ‘ 0-3798 + 0-00072«. 

Values haring referent to much hi^er bichlonde of carbon, 

(Ann. Ch. Phys. [4] x. 63) for alcohol, ether, sulphide oi . 

and oil of turpentine. ^ bas been investigated by Schuller 

,C’ n ‘ 

the following tables gire the principal resulU. 
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specific Heat of Aqueous Solutions (Schiiller). 


Salt in 

100 parts 
of Water 

Sodium 

CUoride 

Potassinm 

Chloride 

Ammonium 

Chloride 

Sodium 

Sulphate 

Sodium 

Iodide 

Sodium 

Nitrate 

Potassium 

Nitrate 

4 



•9558 

, — 

— 

— 

— 

— 

b 

•9306 

— 

— 

— 

— 

— 

— 

8 


•9140 

— 

— 

— 

— 


10 

■8909 

— 

•9100 

•9253 

•9135 

•9320 

•9182 

12 

— 

•8876 

— 

— 

•— 

— 

— 

15 

•8606 

— 

— 

•8959 

— 

— 

— 

16 



•8503 

— 

— 

— 

— 

— 

20 

•8304 

•8195 

•8403 

•8704 

•8408 

•8768 

•8589 

24 

— 

•7935 

— 

— 

— 

— 

— 

25 

•8479 

— 

— 

•8523 

— 

— 

— 

28 

— 

•7680 

— 

— 

— 

— 

— 

30 

•7897 

— 

•7946 

•8320 

•7811 

•8341 

•8090 

32 

— 

•7476 

— 

— 

— 

— 

— 

33*6 

•7752 

— 

— 

— 

— 

— 

— 

35 

•7713 

— 

— 

— 

— 

— 

— 

37 




•7644 

— 

— 

— 

— 

40 


— 

— 

•8074 

•7343 

■7998 

— 

50 

— 

— 

— 

— 

— 

•7673 

— 


Specijic Heat of Aqueous Acids and AlJcaXis (Thomsen). 


a 

Sulphuric 

Acid 

SO* + aH*0 

Nitric Acid 
HNO* + aH*0 

Hydrochloric 

Acid 

HCl + aH*0 

Tartaric 

Add 

C*H*0* + 
aH*0 

Potash 
HKO + 
aH*0 

Soda 
HNaO + 
aH*0 

Ammonia 
HNH*0 + 

aU*0 

a 

5 

•545 

__ 



— 

— 

•846 

— 

7-5 

10 

•700 

•767 

•748 

•745 

— 

•878 

— 

15 

20 

•820 

•848 

•854 

•831 

•876 

•919 

•9965 

30 

50 

•918 

•929 

•931 

•910 

•915 

■942 

•9975 

60 

lt )0 

•955 

•962 

•963 

•951 

*954 

•967 

•9984 

100 

200 

•976 

•981 

•978 

•974 

*974 

•982 


200 


If, when a salt is dissolved in water, both the water and the salt retain the same 
specific heat that they possess when separate, the specific heat Cp of a solution con- 
taining p parts of the salt in 100 parts of water would be represented by the formula 

^ _ 100 + pk 

100 


where k is the specific heat of the salt in the separate state. It appears, however, 
from Schuller’s experiments that, in the cases investigated by him, the relation 
between the specific heat of a solution and the specific heats of its constituents is less 
simple than that expressed by this formula. He finds that the specific heat of a 
solution may be represented by 

r . 100 + pk 

** 100 + P * 


where r Is a coefficient (in the cases examined always less than unity) which may 
either be sensibly constant or, as is more commonly the case, may vary with ^e 
strength of the solution. Hence, in order to calculate the specific heat of a solution 
of given strength, we require to know the values of r and Ar, which correspond to the 
salts employS. Schuller deduces from his experiments the values of r given in the 
next table ; the values of A: are in some cases those resulting from his own experi- 
ments, and in others they are taken from Begnanlt’s or Kopp’s determinations ; 


• It Is dear that, m the proportion of salt diminishes, the specific heat of asolnt^nmust appio^ 
indeOaitely near to unity : hence, as Thomsen points out, the above formula with r ■■ spim<. is 
tnappUcable to very dilute solutions. 
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Name of Salt 

k 

r 

Potassium Chloride . 
Sodium Chloride . . , 

Ammonium Chloride . 
Sodium Sulphate , 

Sodium Iodide . 

Sodium Nitrate . 

Potassium Nitrate 

•1729 

•214 

•373 

•2291 

1 *0881 
•2671 
•2387 

1 - 0*0031 94p + 0 000036P* 
0-9624 

1 - 0 003996p + 0 0000497p* 

1 — 0 00096n + 0000046n» 
0-9925 

1 - 0 00025p + 0'000012p» 
0-98906 - 0‘000255p 


The specific heat of mixtures of alcohol and water in various proportions has hoou 
examined by Dupr^ and Pago (Phil. Trans. 1869, p. 691); tho following table gives 
an epitome of their results : 


Specific Heat of Aqueous Alcohol. 


Percentage of Abeoluto 
Alcohol by Weight 

Spociflo 

Heat 

Percentage of Absolute 
Alcohol by Weight 

BtKJClflO 

Uuat 

5 

1-0150 

60 

•9063 

10 

1-0368 

60 

•8433 

20 1 

1-0436 

70 

•7844 

30 1 

0-0260 

80 

•7109 

40 1 

0-0G81 

90 ; 

•0574 

45 

0-9419 

100 

•6043 


Tho most remarkable result of this invostigiUion is that when alcohol is added to 
water, tho specific heat of tho mixture increases until tho proportion by weight of 
alcohol amounts to 20 per cent., when the specific heat has tho maximum value 
1 0436; beyond this point, it diminishes as more alcoiiol is added, until, with a 
mixture containing nearly 35 per cent, of alcohol, the specific heat is equal to Unit of 
pure water. Closely accordant results have boon obtained by Schuller Ann.y 

Krgdnzungshd. X. 116, 192), who has also determined tho specific beats of various 
mixtures of alcohol, sulphide of carbon, chloroform, and benzene. 

^Comparison of ike Specific Heats of Gases under Constant Pressure and Constant 
Volume (iii. 40). — The following table gives the values found by various experimenters 
for the ratio of the specific heat of air under constant pressure to its specific heat when 
kept at a constant volume : 


Katie 

Experimentor 

1-4196 

14025 

1-41 

1-3846 

1-302 

1*41 

Masson (Ann. Ch. Phys. [3] liii. 269). 

Weisbach (quoted by Zeuner, H^dr met hear ie^ 1860, p. 38). 
Cazin (Ann. Ck. Pkys. [3] Ixvi. 243). 

Him (Thhrie mkaniq, de la Chaltur, 1865, p. 69), 
Kohlrausch (Pogg. Ann. cxxxvi. 618). 

Jamin and Richard (Compt, rend. Ixxi. 886). 


All these results, except the last, are deduced firom observations of the change of 
^mperature which a mass of air undergoes when it is subjected to a sudden change of 
density, work being at the same time done either by it or upon it. Jamin and 
Kichard compared the rise of temperature produced by a given quantity of heat 
(generated by an electric current traversing a metallic wire) in a quantity of air 
allowed to expand under constant pressure, with the rise of temperature caused in air 
which was not allowed to expand. 

The values given for the corresponding ratio in tho case of some other gases ere os 
follows : 
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Kame of Oaa 

Ratio of 
Specific Ueat 

Experimenter 

Oxygon .... 

1-41 

Cazin {loc. eit.). 

Nitrogen .... 


1*41 

1*41 



Hydrogen 


1*376 

Massr)n (quoted by Cazin). 


,1*41 

Jamin and Richard {loc. cit.). 

Carbonic oxide 

1-41 

Cazin. 

Ammonia . . 

1*328 

— 



r 1*291 

— 

Carbonic acid , 


1*30 

Masson. 



1*29 

Jamin and Richard. 

Nitrous oxide . 

1*285 

Cazin. 

Sulphurous acid 

1*262 

— 

Marsh gas 

1*257 

I 

Ether vapour . 

1*079 



Bxpansion l>y“ Beat. General Fomiidee relating to Exjpansion . — If the volumo 
of a given body at 0° be represented by Vq, and the volumo of the same body at 
t° by V, the increase of bulk between 0^^ and expressed as a fraction of the 
volume at 0®, will be represented by 

Yo == e: 

Vo 

this quantity may be conveniently called the expansion of the body between 0® and 
Similarly, if the volume at any other temperature i'^ bo denoted by V', the expan.sion 
between 0® and t'° will be represented by 

These formulae give the following for the relations between Vq, V» and V : 

V = Vo(l + e) r = V,(l + «') V = vj I 


The last of these expressions may bo written in a simpler form ; for if c be small 
compared with unity (as it always is in reality), tbe value of the fraction will not 
be sensibly changed if we subtmet c from both numerator and denominator : this 

V' = V(1 + c — e) nearly. 

If we divide the expansion between 0® and any other temperature t° by the number 


gives : 


of decrees within which it takes place, the quotient is the average expansum, or average 
increase of bulk of unit volume, per degree, between 0® and the temperature in guestim^. 
This quantity is called the mean coefficient of expansion between 0® and ihus n 
A and A' are the mean coefficients of expansion' between 0® and the temperaturcE 
and respectively, we have 

o-v-n A' = '1 - 


^ t 






In general, the values of A and A' are not equal except for the permanent gases, but 
if the temperatures ^® and ^'® lie near together, their difference may be negl^ted. 
Within limits where this is allowable, the relations between the volumes atO®, i ,ana 


may be written 


V„(l + AO V - V,(l + aC) 

1 + A<' ^ y^j ^ nearly. 


1 + A^ 

Tbe fraction of iU volume at 0® by which a given mass of any substance would 
expand when heated from the temperature to the temperature (t + 1)°, if it con- 
tinued to expand at a constant rate for one degree, is called the coefficient of ex]^nsu>n 

of It is the limit towards which Uie value of the expression y 
^ ^ approaches as the interval of temperature t — t gets smaller and smaller. 
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Expansion of Mercury. — If tlio mean coefficient of expansion of merwiry between 
0^ and a series of other temperatures, differing from each other by a constant amount, 
bo calculated from the numbers resulting from Rognault’s experiments (iii. 65, 66), the 
value obtained is found to increase uniformly as the temperature for wliich it is calcu- 
lated rises. HenCvO, if a bo the value of the mean coefficient of expansion between 0° 
and 1°, and h be the increment in the value of the mean coefficient corresponding to a 
rise of one degree in the higher limit of the interval fur which it is calculated, wo may 
vrito as general expressions for the mean coefficients of expansion between 0° and any 
other temperatures and 

A = rt + and A' = a + ht, 

Tlie values of a and b may bo found by introducing into tho general formula the values 
of A given by experiment for any two values of /?, and then solving the two resulting 
equations for a and b successively. Tho values c;ilcuiatod by Itcgnault, from a discus- 
sion of all his experiments, iixo 

a =« 0 000179006 and 6 « 0*0000000252316. 

Expressing the expansion of mercury botwoon 0° and any two temperatures and 

in terms of these constants, we have 

e ^ At — at + ht^ and e = AC = aC + bC ^ ; 
consequently for tho mean coefficient of expansion between and wo got 
Ar — i » ^ = <2 + h{f + t). 

Ilut if tho temperatures and t° are indefinitely near to each other, wo have 
^ = 2ty and hence tho coefficient of expansion of mercury at is expressed by 

A, = a + 2bt 0 000179006 + 0 0000000604632/?. 

Tho mean coefficient of expansion of mercury between 0® and 100® has been re- 
determined by Matthiessen (Phit. Trans. 1866, p. 244), by weighing mercury in water 
at various temponitures. Ills experiments give tho value 

00001812. 

Expajislon of Watir (iii, 62). — Tlio mto of expansion of water by heat has been 
investigated by Matthiessen {Phil. Trans. 1866, p. 231) and by Rossetti {Ann. Ck. 
Pkps. [4] X. 461 ; xvii. 370). The method employed by Mutthicsson was to deter- 
mine first the coefficient of linear expansion f»f glass,* by direct measurement upon a 
long glass rod, to calculate tho c<iefficieiit of cubical expulsion of tho glass by multiplying 
tho linear coefficient by 3, and finally to determine the weight of a piece of the same 
glass in water at various temperatures. Rossetti’s metho<i consisted in ascertaining 
tho woiglit of water which occupied a known volume at various tempenituros, tho 
volume being found by observing the height at which tho water stood in a graduated 
capillary stem connected with a large bulb like that of a thermometer, tho capacity of 
the bulb and of each division of tho stem, as well Jis tho oxiefficient of expansion, 
having boon previously found (apparently by weighings of tho instrument 
when filled to different points with mercury at known temperatures). These deter- 
minations therefor© depend upon Rognault’s measurement of tho coefficient of ex- 
pansion of mercury ; Matthiessen’s experiments, on tho other hand, are of import- 
ance us being the only accurate series of observations made by a method which 
does not presuppose a knowledge of tho expansion of morcuiy^. Tho following 
tabic gives the density and volume of water for each degree between — and 
100®, as calculated by Rossetti from his own experiments and those of Kopp, 
Pierre, Despretz, Hagen, Matthiessen, Weidner {Poyg. Ann, cxxix, 300 ) Jahre«b. 1866, 
p. 100), and Kremers. The columns headed and give the density and volume 
at t^ compared with the density and volume at 0® taken as unity ; in the columns hea<led 
Ht and Vt the comparii^n is with the density and volume at 4®. Two columns are 
added giving a few Ulli^itpecial values found by Weidner, Matthiessen, and Rossetti. 


• The approximate oompositlen of the mixture from which the glass was ‘ * sand, 

2 lead, and 1 alkali.* The mean coefficient of linear expansion was found = O'UoewT/s, 
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Expansiem oj Water, 


t 

Of 




Weldner 

Roafietti 

- 10 ® 

0-998274 

1-001729 

0-998146 

1-001858 

1-001904 


— 9 

•998556 

1 00 1449 

•998427 

1-001576 



- 8 

•998814 

1001 191 

•998685 

1-001317 



- 7 

•999040 

1-000963 

•998911 

1-001089 



- 6 

•999247 

1-000756 

•999118 

1*000883 



- 6 

•999428 

1000573 

•999298 

1-000702 

1-000710 


„ 4 

•999584 

1*000416 

•999455 

1 000545 


1*000616 

- 3 

•999719 

1-000281 

•990590 

1-000410 



- 2 

•999832 

1-000168 

•999703 

1-000297 



- 1 

•999926 

1-000074 

•999797 

1-000203 



0 

1-000000 

1-000000 

•999871 

1-000129 

1-000137 

1-000136 

+ 1 

1-000057 

0-999943 

•999928 

1-000072 



2 

1-000098 

•999902 

•999969 

1-000031 



3 

1-000120 

•999880 

•999991 

1-000009 



4 

1-000129 

•909871 

1 000000 

1-000000 

1-000000 

1-000000 






MatthiesBen 


5 

1-000119 

•999881 

0-999990 

1-000010 

1-000006 

1*000006 

6 

1-000099 

•999901 

•999970 

1-000030 



7 

1-000062 

•999938 

•999933 

1-000067 



8 

1-000015 

•999985 

•999886 

1-000114 



9 

0-999953 

1*000047 

•999824 

1 000176 



10 

•999876 

1-000124 

•999747 

1-000263 

1-000271 

1-000248 

* 11 

•999784 

1-000216 

•999666 

1-000346 



12 

•999678 

1-000322 

•999549 

1-000451 



13 

•999559 

1-000441 

•999430 

1-000570 



14 

•999429 

1-000572 

•999299 

1-000701 



15 

•999289 

1 000712 

*999160 

1-000811 

1*000892 


16 

•999131 

1-000870 

•999002 

1-000999 


1-000991 

17 

•998970 

1-001031 

•998841 

1 -001160 



18 

•998782 

1-001219 

•998654 

1-001348 



19 

•998688 

1001413 

•998400 

1-001542 



20 

•998388 

1-001615 

•998259 

1-001744 

1-001814 

1-001746 

21 

•998176 

1-001828 

•998047 

1-001957 



22 

•997953 

1-002049 

•997826 

1-002177 



23 

•997730 

1-002276 

•997601 

1-002405 



24 

•997495 

1-002511 

•997367 

1-002641 



25 

•997249 

1 002759 

•997120 

1 002888 



26 

•996994 

1-003014 

•996866 

1-003144 



27 

•996732 

1 003278 

•996603 

1-003408 



28 

•996460 

1 003553 

•996331 

1-003682 



29 

•996179 

1 003835 

•996051 

1 -003965 



30 

•995894 

1 004 123 , 

•995765 

1-004253 

1-004346 


31 

•99560 

1-00442 

•99647 

1-00465 



32 

•99530 

1 00473 

•99517 

1-00486 


1-00488 

33 

•99498 

1-00605 

•99485 

1 00518 



34 

•99465 

1 00538 

•99462 

1-00551 



35 

•99431 

1 00572 

•99418 

1-00586 



36 

•99396 

1-00608 

•99383 

1-00621 



37 

•99360 

1-00645 

•99347 

1-00657 



38 

•99323 

1*00682 

‘99310 

1 00694 



39 

•99286 

1 007 19 

•99273 

1-00732 



40 

•99248 

1 00757 

•99235 

1-00770 

1-00773 

1-00771 
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Expansimi of Water (continued). 


t 

<*< 



V, 

Matthiosaen 

Rosaottl 

+ 41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

0-99210 

•99171 

•99131 

•99091 

•99050 

•99009 

•98967 

•98923 

•98878 

•08833 

1 00796 
1-00836 
1-00876 
1*00917 

1 00958 
1-01001 
1-01044 
1-01088 
1-01134 
1-01181 

0-99197 
•99168 
•99118 
•99078 
•99037 
■98996 
•98954 
•989 10 
•98865 
•98820 

1 •00809 
1-00849 
1-00889 
1-00929 
1-00971 
1-01014 
1-01057 
1-01 101 
1-01 MS 
1-01195 

1-01197 

1-01187 

61 

52 

53 

54 

55 

50 

57 

58 

59 

60 

•98787 

•98741 

•98694 

•98046 

•98508 

•98550 

•98501 

•98450 

•98401 

•98351 

1-01229 

1-01278 

1*01327 

1-01376 

10 1425 
1-01474 
1*01524 
1-01574 
1-01625 
1-01C77 

•98773 
•98725 
■98677 
■98629 
•98582 
-98535 
•98487 
•984 38 
•98388 
•98338 

1-01243 

1-01292 

1-01341 

1-01390 

1 01439 
1-01488 

1 01 537 
1-01587 

1-01038 

1-01691 

101696 

I'OICSG 

61 

62 

63 

64 

65 

60 

07 

68 

09 

70 

•98is99 

•98247 

•98194 

•98140 

•98086 

•98031 

•97977 

•97921 

•97864 

•97807 

1-01731 

1-01785 

1*01839 

1*01896 

1-01951 

1 02008 
1-02005 
1-02124 
1-02183 
1-02243 

•98286 

•98234 

•98182 

•98128 

•98074 

•98019 

•97964 

•97908 

•97851 

•97794 

1-01 744 
1-01798 
1*01852 
1-01908 
1-01964 
1-02021 

1 -02078 
1-02137 
1-02196 
1-02256 

1 02265 

1-02253 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

•97749 

•97690 

•97631 

•97571 

•97511 

•97450 

•97389 

•97328 

•97267 

•97206 

1-02303 

1*02365 

1-02427 

1 02490 
1-02563 
1-02617 
1-02681 

1 02745 
1-02809 
1-02874 

•97736 i 

•97677 i 

•97618 

•97558 

•97498 

•97438 

•97377 

•97316 

•97255 

•97194 

1-02316 

1-02378 

1-02440 

1 -02503 
1-02566 
1-02630 
1-02694 

1 02758 

1 -02822 
1-02887 

1 02953 

I'02884 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

'97145 

•97083 

•97020 

•96956 

•0689-2 

•96838 

•A6764 

•96699 

•96634 

‘96568 

1-02939 

1-03005 

1-03072 

1*03139 

1*03207 

1-03276 

1*03345 

1*03414 

1*03484 

1-03554 

•97132 
•97070 
•97007 
•969 13 
♦96879 
•96815 
•96751 
•96687 
•96622 
•96556 

1-02952 

1-03018 

l-()3085 

1*03153 

1*03221 

1 03289 

1 03358 

1 03427 
1*03497 

1 03567 

1*03581 

1 03660 

91 

•96502 

1*03626 

•96490 

1-03638 



92 

*96435 

1*03697 

'96423 

1 03710 


- 

93 

•06368 

1-03770 

'96356 

1 03782 
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Expansion of Water (continued). 


t 





Matthlessen 

Rossetti 

-f 94 

0*96300 

1-03844 

0*96288 

1-03856 • 



95 

•96231 

1-03918 

•96219 

1-03931 



96 

•96161 

1 03993 

•96149 

1*04006 



97 

•96091 

1-04069 

•96079 

1-04082 



98 

•96020 

104145 

•96008 

104158 



99 

•96949 

1 04222 

•95937 

1*04235 



100 

•95878 

1-04300 

•95865 

1*04312 

1*04316 

1*04312 


The numbers in the above table sho^r that the expansion-curve for water is not 
symmetrical on the two aides of the point of greatest density, but that the expansion 
caused by a given fall of temperature from that point is perceptibly greater than that 
caused by an equal rise of temperature. 

The following table gives the temperature at which solutions of chloride of sodium 
of various strengths possess the greatest density, as well as the densities of the solu- 
tions at these temperatures, and their freezing piints, as determined by Rossetti 
{loc. cit .) : 

Maximum Density of Solutions of Salt. 


Chloride of 
Sodium iu 100 
parts of water. 
P 

Density 

atO®. 

0 

Density 
at maximum, 
dt 

0 

1*000000 

1*000130 

0*5 

1*003926 

1-003988 

1 

1*007634 

1 0076G0 

2 

1 01 5366 

1-015367 

3 

1'023630 

1*023583 

4 

1*030609 

1-030890 

6 

1 045975 

1*046952 

7 

8 


1*063102 

Water 
o tho 
Adriatic 
collected 

1 026699 

1*026774 

in Juno . 
Water > 
of the 
Adriatic 
collected 
in No- 
vember 

. 1*028141 

1*028261 


of maximum 
density. 

T 


+ 4-00 
+ 8 00 
+ 1-77 

- 0-58 
~ 3*24 

- 603 

- 1107 

- 13*69 
~ 16*62 


- 3-21 


3*90 


[Deprefiaion of 
temperaturo 
of maximum 
density. 

A 


0*00 
100 
2*23 
4*68 
7 24 
9 63 
16*07 
17*69 
20*62 


7*21 


7*90 


Depression 
of freezing 
point. 

c 


0*00 
0*32 
0*65 
1*27 
1*90 
2 60 
3*91 
4*60 
6*12 


1*90 


2*10 


2*00 
2*23 
2*29 
2*41 
2*41 
2*51 
2*63 
2 68 


|064 

•66 

*63 

•63 

*65 

•66 

•66 

•64 


These results show that (up to a concentration of 8 parte in 100) the depression of 
the freezing point caused by the solution of common salt in water is strictly propor- 
tional to the quantity of salt present, but that the depression of the point of maximum 
density increases rather more rapidly than the quantity of salt. In the^ 
Rossetti’s experiments entirely confirm the earlier experimente of Deprete (iii. 60) ana 
Riidorff (iii. 80). 

Expansion of other Liqiads. -The expansion of water and of seveml o^er liqui^ 
at temperatures above their usual boiling points has been examined by Him {Ann. 
Ch, Phys. [4] X. 32) ; his results lead to tho numbers given in the next table ; 





HEAT. 


675 


Expansion of Liquids at High Temperatures. 


t 

Water 

Alcohol 

•Bulphldo of 
Carbon 

Bichloride of 
Carbon 

Oil of 

Turi>entlno 

0 



1*00000 

1*00000 

1-00000 

1*00000 

80 

— 

— 

— 

1-03489 

— 

40 

— 

— 

1*04946 

— 

1 03401 

60 

— 

1-05429 

— 

— 

— 

70 

— 

— 

— 

1-08909 

— 

80 

— 

— 

1-10608 

— 

1*07667 

100 

1 04316 

1-12735 



— 

— 

110 

— 

— 

— 

M5310 

— 

120 

1'05992 

— 

1-17515 

— 

1’ 12453 

140 

1-07949 

— 

— 

— 

. — 

150 

— 

1-21074 

— 

1-23296 

— 

160 

110149 

— 

1*26572 

. — 

1*17836 

180 i 

1-12678 

— 

— 

— 

— 

200 1 

M5900 

1*47665 

— 

— 

— 


The limits of tcinporaturo employed in the experimonts from wliicli tho above 
values were deduced were — for water ^ lOl'^'T and ; for alcohol, 19®-09 and 

ir»l°*3 ; foT sulphide of carho7i, 22°*39 and 146°'66 ; ior chloride of carbon, 31°‘29 and 
140°'67 ; for oil of iurpentm?, 17 99^ and 161*4.)'^. In tlio case of wiit^r, tho volume 
at 100® was assumed to be 1*04315 as compared with that at 4'^ Uikeu as unity, on 
tho authority of Dopretz’s experiments. 

Kxporimonts on the expansion of benzene and some of its homolop^ucs have boon 
made by Louguinine (A?in. Ch. Thgs, [4] xi. 453), for tlie roHults of which boo 
pp. 278, 279. 

Expansion of Solids. — Tho expansion of a considerable numl>or of wirofully purified 
metiils and alloys has been determined by Matthiesson {Phil. Trans. p. 801; Potjg^ 

A7i?i. exxx. 50; abstract in Proc. Hoy. Soc. xv. 220), by weighing (ho subhiancoH 
under examination in water at various temperatures. His princi})al results are given 
ill tho table on the following page, where the numbers givtiii in (he columns headed 
a and b respectively are tho values of tho cocfticients which enter into tho formula 


V, = Vo(l + + bf^), 

expressing the relation between tho volume at the temperature ^^aiid the volume at 0®. 

Tho method of experiment adopted by Matthiessen ditl not admit of liis eitipluying 
higher temperatures than 100® ; hence this temperature marks th(^ limit up U) which 
tho above numbers may bo taken as expressing the results of actual t)bKOPvation. It 
results from these measurements that the expansion of an alloy is scnsildy equal to 
tho sum of the expansions of its constituents, each multiplied Ijy the fraction which 
represents tho proportion by volume in which it enters into tho composition of tho 
alloy. 

The expansion of a great number of crystallised substances has been examined by 
Fizcau (Ann. Ch. Phys. [4] viii. 335; Pogg. Ann. cxxviii. 564; Compt. rend. 
Ixii. 1101, 1133; Ixiv. 314, 771; Pogg. Ann. cxxxii. 292 ; Compt. rcTwf. Ixvi. 1005, 
1072; cxxxv. 372 ; Compt. Ixviii. 1125; Pogg, Ann. cxxxviii. 26), 

by a method depending upon the accuracy with w’hich extremely minute moTomen^ 
can bo appreciated by observing the changes they ])roduco in a system of ‘ Newton s 
rings.’ Ho found, as a general result, th>it the coefficient of expiinsion of the sub- 
stances examined by him is not (VJnstant, but is greater at high than at low tem- 
peratures ; the rate of change of the coefficient with change of U-rn perature, however, 
no found to be constant. Hence if o be tho mean coefficient of expansion for tho 
interval of temperature to i®', tho mean coefficient for the interval /i® to ti\ 

and 6 ^ ^ and ■* respectively the moan temperatures of tho two 

intervals, the ratio of the dififerenco of the two coefficients to tlie difference of the two 
mean temperatures, namely 

a — ^ Aa 

~ 

tms H constant TfUne for the same substance. Further, if be the coefficient for any 

x X 2 
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interval of which the mean temperature is d®, the coefficient Oy for an interval the 
mean temperature of which is t® = (0 ± n)® will bo given by the formula 


Hence the expansion of any substance can bo expressed completely by means of the 

two constants and and it is the values of those constants that are given in 
Ad 

the following tables of Eizeau’s results. The relation between the formulae of expan- 
sion exprossod by moans of these coefficients and those commonly employed will be 
understood clearly by noticing that the length at of a body which measures It at t° 
is given by the formula 

li - It [1 + «r (f - t)] =• /. [l + (a« ± « I?) (<' - <)]. 

where t is the mean temperature of the interval and n the number of degrees 

by which it differs from 6, the temperature for which the value of a is given in llio 
tables; and by observing further that the values of the coefficients in the ordinary 

Aa 

formula ~ (1 + at + bt^) arc giveu by the equations a = oo and 2o = — g* 


Expansion of Metals and Alloys (Matthiesson). 


Name of Substaiico 


a 

b 

Vol. at 
100° tbc 
voL at 0° 
being = 1 

PiiTG Metals, 

Cadmium ..... 


10-< X 0-8078 

10-^ X 0-140 

1-009478 

Zinc . • 



— X 0-8222 

— X 0-0706 

1-008928 

Lead 



— X 0-8177 

— X 0-0222 

1-008399 

Tin 



— X 0-6100 

— X 0-0789 

1-006889 

Silver 



— X 0-6426 

— X 0-0405 

1-005831 

Copper 

Gold . 



— X 0-4443 

— X 0 0556 

1-004998 



— X 0-4075 

— X 0-0336 

1-004411 

Bismuth . 



— X 0-3602 

— X 0-0446 

1-003948 

Palladium 



— X 0-3032 

— X 0 0280 

1-003312 

Antimony . 
riatiniim . 



— X 0-2770 

— X 0-0397 

1-003167 



— X 0-2534 

— X 0 0104 

1-002658 

Alloys, containing p 

Su* Pb 

er cent, by volume : 

22-28Pb 

10-< X 0-6200 

10-® X 0-0988 

1-007188 

Sn Pb* 

82 09Pb 


— X 0-8087 

— X 0 0332 

1-008419 

C<1 Pb 

68 49Pb 


— X 0-9005 

— X 0 0133 

1-009138 

Sri* Zu 

87*46Sn 


-- X 0-6377 

— X 0*0807 

1-007184 

Siio Zri 

91 -28811 


— X 0-6236 

— X 0-0822 

]-()07<»5H 

Bl** Su 

()86Sn 


— X 0-3793 

— X 0 0271 

1-0040G4 

Bi SiP 

42-8lSn 


— X 0-4997 

— X 0-0101 

1 -005098 

Bi-'* Pb 

l-76Pb 


— X 0-3868 

— X 0 0218 

1-001086 

Bi Pb- 

46-26Pb 


— X 0-8462 

— X 0 0159 

1-008621 

Au Sii3 

60-86Sn 


— X 0-3944 

— X 0 0289 

1-004233 

Au* Sn’ 

7314Sn 


— X 0 4165 

— X 0 0263 

1-004428 

Ag* An 

Ag An 

Ag Au* 

19-86AU 
49 79Au 
79 86Au 


— X 0-5166 

— X 0-4916 

— X 0-3116 

— X 01186 

1-005166 

1 004916 
1-004300 

Copper-zinc (71 p. 

c. copper) 

o' 

— X 0-5161 

— X 0-0568 

1-005719 

Silver-platinum p. c. silver) 


— X 0-4246 

— X 0 0322 

1-004568 

Silver-copper (3(i l p. c. silver) 

. 1 

— X 0-4884 

— X 0-0562 

1-005436 

Silver-copper (71*6 p. c. silver) 

'S' 

— X 0-441.3 

— X 0 0130 

1-006713 

Gold-copper (66 6 p. c. gold) 


— X 0-4016 

— X 0 0642 

1-004657 


In the majority of solid substances, the linear expansion which takes place in con- 
sequence of a given change of temperature is not the same in different directions, so 
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that an indefinite number of different values might bo found for the coefficient of 
expansion of the same substance, by measuring it in as many different din^ctions. 
These different rates of expansion may however in all cases be referred to threC' 
principal rates of expansion in three directions at right angles to Oiich other, so that 
the expansion in any given direction may be re.ganled as the resultant expansion doe 
to three independent components, each of which takes part in tiie resultant, expaiisioi . 
to an extent pi*oportional to the length of the projeet.ioii upon its own dinrtion 
of a lino parallel to the direction of the resultant expansion. Hence if a, a', and a" are 
the three primary coefficients of expansion, the coefficient of expansion in any direction 
making the angles 5, 5', and 5" respectively with the directions of Llie tlireo primary 
directions of expansion may he reprosouted by 

D = a cos* 5 + a' cos* 5' + a' cos* 5" . , • (!)• 

But, since the angles 5, 5', and 5" are the angles made by the same slnviglit line with 
three axes at right angles to each other, they fulfil the relation 

cos* 5 + cos* 5‘ + cos* 5" = 1 . , . . (2). 

In the case of amorphous substances, and those wlfu h crystallise in forms belonging 
tx) the cubical system, the three coefficients of expansion are equal, or a « a =. a'' : 
hence formula (1) becomes D = a (cos* 5 + cos'^ 5' 4- cos* 5") = a. That is to say, 
tlic expansion of such substances is the same in all directions. 

In crystallised substances belonging to the quadratic and kcxa(/onal systems, the 
coefficient of expansion has a special value corresponding U> liio direction of the 
principal crj'stallographic axis, but the coefficients for all directions 0 (pTially inclitmd to 
tlie principal axis are the same. Hence the expansion of such crystals can ho ropro- 
sonted by making o' ~ o" in formula (1), whieli then hoconies 1> - a cos* 5 + 
o' (cos* 5* + cos* 5 ') ; or, since by formuhi. (2) cos* 5' + cos* 5" = 1 — cos'* 5 sin* 
the expansion may be expressed by D = o cos* 6 + a sin* 5. For jdl directions perpen- 
dicular to the axis, H « 90*^, and consoqnoutly cos 5 » 0, and sin 5 «= I ; lieiico for 
all such directions D « o'. 

In crystals belonging to the ri^kt prUtmaiic system the three principal axes of 
expansion are parallel to the crystallographic axes, but the coefficients of expansion 
corresponding to them are all unequal. The expansion of monoclinic crystals corro- 
s^Kxnds also to three unequal coefficients in directions at right angles to each other, but 
the relation between the positions of the crystjdiographic axes and those of the axes 
of expansion cannot bo stated in general terms. 

In all cases the coefficient of cubical expansion is equal to the sum of the throe 
coefficients of linear expansion, or 

= o' + a + a" (3), 

a relation which becomes = 3a when applied to amorphous suhst^inccs or to 
crystivls belonging to the regular system, and becomes o^ = o + 2o' when applied to 
substances crystallised in forms belonging to the quadratic or hexagonal systems. 
In all cases also the coefficient of rman linear expansion is given by the expression 

“m “ i (“ + “' + “") “ » “c- 

The mean linear or the cubical expansion may thus bo deduced from the measurement 
one, two, or three coefficients of linear expansion, according to the crystalline 
system to which the substance belongs. It may however bo obtained fr(>m a single 
measurement of the coefficient of expansion in a direction equally inclined to the 
three axes of expansion; for if in equation (1) we make 5 « 5' ■» we got 
1) = (a + o' + o"l cos* 8. But, under these conditions, equation (2) gives cos* H «« 
or 8 = 54® 44', ana therefore D = (o + o' + o") * o^. 

In the following tables of results, the letters A, B, and C denote the c<^fficjents 
of expansion parallel to the three principal axes of expansion respectively, M 
denotes the coefficient of mean linear expansion obtained by direct moasuro- 
mout in a direction inclined at 54® 44' to the axes, and Mj the siimo coefficient cal- 
culated by the formula a = J (o + a' + a"), or when two coofficienta are equal, 
« J (a q. 2o'). The Ambers in the first table are given chiefly by way of illustra- 
tion of the above-mentioned relations between expansion and crystalline form: 
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Pluor spar (cubic) : 

1. At right angles to 
an octohedral cleavage 
face 

2. At right angles to the 
cubical face of another 
crystal 

3. At right angles to a 
face cut at 6° to the 
face of a cube (another 
crystal) . 

Galena (cubic) : 

1. At right angles to a 
cubic cleavage face . 

2. At right angles to an 
artificial octohedral 
face 

Iron pyrites (cubic) : 

1. At right angles to a 
natural cubic face 

2. At right angles to 
an artificial face upon 
a group of crystals 
without any common 
direction 

Ruby copper ore (cubic) : 

1. At right angles to a 
face of the rhombic 
dodecahedron . 

2. At right angles to a 
face perpendicular to 
the last . 

3. At right angles to an 
artificial face on a 
group of crystals 
without any common 
direction 


Expansion of CrystcUs, 


/ -00001911 2;-rkon (Siberia: 
' 00001910 quadratic) . . , 


'00001910 Arragonito (right 

rhombic prism) . 

'00001915 

Topas (right rhombic 
'00002014 prism) . . . . 

'00002014 


Felspar (monoclinic) 

•00000907 


Epidote (monoclinic) 

'00000008 

Augite (monoclinic) 

•00000093 

Azurito (monoclinic) 

•00000093 


Gypsum (monoclinic) 


*00000093 



*0000413 

J ® 

•0000233 

¥ 

•0000304 

1 Mx 

•0000303 

( ^ 

•00003460 


•00001719 


•00001016 

M 

•00002031 

1 Mx 

•00002065 

f ^ 

•00000592 


•00000484 

C 

•00000414 

M 

•00000497 

‘Mx 

•00000497 


a J— *000002004 
} ~ *00000203 
, + '00001907 

i +'00001905 
n -*-00000148 
L --00000151 

( A +'000009133 
\ B -00000334 

I C '00001086 

' A -000013856 

■ B *00000272 

0 -00000791 

f A -00001259 

•j B *00002081 

( C -'00000098 

f A *00004163 

\ B '00000167 

I C '00002933 
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Toife continued. 



’criclaso (ftrtificial ; 

4^1 (Unit^ 

States: hexagonal) 
Corundum (India: 
rhorabohedral) 

Specular iron (Elba . r 

rhorabohedral) ) 

Senarmontito (Con-j 
stantine, Algeria: 
cubic) J 

Arsonious oxide (arti- 
ficial : cubic) 

Spinels (cubic) : 

1 . Spinelle (Ceylon) | 

ruby , > 

2. PloonastCW’arwick) 

3. Ciahnito (Eahlun) 

4. Kroittonito (Sil- f 

borborg) S 

Silver iodide (fused 
crystalline) i 

.. 

gonal crystals) ) 

,, (amor-^ 

phous precipitate, r 
pressed) _ / 

Potassium chloride ? 

(cubic) I 

Rock salt (cubic) . 
Sal ammoniac (cubic) 
Silver chloride (cubic) 
Potassium bromide ) 

(cubic) . > 

Silver bromide ^ciibic) 
Potassium iodide* 
(cubic) 

Mercuric iodide(quad- 
ratic: fused, crys- 
talline) 

Lead iodide (hex- 
agonal : fused, cry- 
staUine) 

Cadmium iodide (hex- 
agonal: fused, cry- 
stalline) 

Gas carbon • 
Graphite (Batoi^l) 
Anthracite (Penn- 

sylvania) 

Bituminoos coal 
(Charlerov) 

Paramn (^ngoon, 
melting ^int 66®) 


•00000316 

•00000539 

*00000619 

•00000543 

•00000829 

•00000836 


-•00000139 

-•000003966 
+ -000000647 
j --000000924 
-•00000093 
-•0000016625 
1 -*0000012225 
1 --00000137 
+ •000038026 
•000040390 
•000062546 
•000032938 
•000042007 
•000034687 
•000042653 

_ 1 *000023877 


_ *000033698 


— *000029161 


1 - 1,4 

- 4,27 1 
+ 1.38 ' 

, - 0,503 ; 

- 2,01 

- 1,38 

- 1,6 


•00000540 

•00000786 

•00002078 

*00002782 

•00027854 


19,96 


17,47 

1,10 

1,01 

- 8,16 
2,96 
99,26 


Cubical ^ 

RximnRlon of 

Unit length 
lictwoon 0 ** 


AO 

and 100 ® =* 

100 X 

[a.o + 10 ^®) 

00003129 

8,01 



00001394 

4,32 



00001705 

6,56 



•00002501 

6,43 


i 

•00005889 

1,71* 

1 


1 

•00012378 1 

20*37 



•00001787 

7,29 


•00001805 

•00001760 

5,34 

6,19 


•00001750 

6,31 


-•00000417 

- 4,2 



-•000002772 

- 1,51 


-•0000041075 

- 4,77 


+ •000114078 

+ 15,46 


•000121170 

•000187638 

•000098814 

13,47 

89,26 

36,69 


•0000162 

•00002368 

•00006234 

3,30 

3,03 

-24,46 

■OOOWl 

•000T»« 

•001»M 

•00008346 

8^ 

■OOMll 

•00083662 

297,8 
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Table continiced. 




1 


1 





Linear 

Cubical 

Expansion f 







Unit leiigtl 














and l0(|O ■ 




Aa 



100 X 






AS 

(“*0+104" 

^ M 

Silicon (fused) , 



•00000763 

1,69 

__ 


•000780 

Sulphur (Sicily). 

M 

•00006413 

33,48 

— 

— 

•006718 

Selenium (fused) . 

— 

•00003680 

11,15 

— 

— 

•003792 

Tellurium (fused) 
Arsenic (sublimed, in) 
confused crystals) J 
Osmium (somi-fusod). 

— 

•00001070 

•00000009 

•00000657 

5,75 

4,32 

2,18 

— 

— 

•001732 

•000602 

•000679 

Ruthenium (serai- ) 

fused, porous) J 

— 

•00000963 

2,81 

— 


•000991 

Palladium . (ham- J 
mored, annealed) J 

— 

•00001176 

1,32 

— 

— 

•001189 

Rhodium (somi-fusod. 

— 

•00000800 

0,81 

— . 



•000858 

Iridium (fused) . 

— 

•00000700 

0,79 

— 

— 

•000708 

Platinum (fused) 

— 

•00000899 

0,78 

•00002697 

2,34 

•000907 

Platinum-iridium alloy ) 
platin.()'9, irid.O’l | 

— 

•00000884 

0,76 

•00002652 

2,28 

•000892 

Gold (fused) 

— 

•00001443 

0,83 

•00004329 

2,49 

•00M51 

Silver (fused) 

— 

•00001921 

1»47 

•00005763 

4,41 

•001936 

Copper, native from^ 
Lake Superior J 

— 

•00001690 

1,83 

•00005070 

5,49 

•001708 

„ artificial 

— 

•00001678 

2,05 

•00005034 

6,15 

•001698 

Brass (copper 0 71«5, ' 






zinc ()'277, tin • 
0-003, load 0-005 

— 

•00001809 

1,96 

•00005577 

5,88 

•001879 

Bronze (copper 0*863, ' 
tin 0-097, zinc 0 040 | 

— 

‘00001782 

2,04 

•00005346 

6,12 

•001802 

Nickel (reduced by 







hydrogen, com- ■ 

pressed) 

— 

•00001279 

0,71 

•00003837 

2,13 

•001286 

Cobalt, ditto 

— 

•00001236 

0,80 

•00003708 

2,40 

•001244 

Iron (soft, used for) 
electromagnets) \ 

— 

•00001210 

1,85 

•00003630 

6,55 

•001228 

t, (reduced by hy- ) 
drogen, compressed) J 


•00001188 

2,05 

•00003564 

6,16 

•001208 

Meteoric iron (Caille) 

— i 

•00001095 

1,75 

•00003285 

5.25 

•001113 

Cast steel (French) : ) 
hard ^ 


•00001322 

3,99 

'•00003966 

11,97 

•001362 

„ „ annealed 

— 

•00001101 

1,24 

•00003303 

3,72 

•001113 

(English);) 
annealed > 

— 

■00001 09o 

1,52 

•00003285 

4,56 

•001110 

(gray) . 

— 

•00001061 

1,37 

•00003183 

4,11 

•001075 

Bismuth (rhomboho- ) 
drons of 87“ 40') { 

\b 

(m, 

•00001621 

•00001208 

•00001346 

2,09 

3,11 

2,77 i 

•00004037 

8,31 

f‘001642 
\ -001239 
(•001374 

Antimony (rhombo- ) 
hedronsof 117“18')S 

(M, 

•00001692 

■00000882 

•00001102 

- 0,94 

1,31 

0,58 

•00003456 

1,74 

( 001683 
\ *000895 
(001158 

Tin (Malacca ; com- ) 
pressed powder) j 
Indium (fused) . • 

— 

•00002234 

3,51 

•00006702 

10,53 

•002269 

— 

•00004170 

4*2,38 

•00012510 

127,1 

•004595 

Lead (fused) 

— 

•00002924 

2.39 

'00005772 

7,17 

•002948 

Thallium {fused) 

— 

•00003021 

11,41 

•00009063 

34,23 

•003135 

Zinc (distilled, com-) 
pressed powder) { 


•00002918 

- 1,27 

•00008754 

- 3,81 

•002906 

Cadmium „ „ 

— 

•00003069 

3,26 

•00009207 

9,78 

•003102 

1 Aluminium (fhsed) 

— 

•00002313 

2.‘29 

•00006939 

6,87 

•002336 

Magnesium (fused) . 

— 

•00002694 

6,84 

•00008082 

20,52 

•002762 
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In or^op to save poom, and to make the tahlo easier to read, six or seven ciphers 
are left out before each of the numbers giving the values of and a comma is used 


to mark the eighth decimal place: thus the numbers for plato-glass, namely 1,58 and 
4 , 74 , are to be read 0*0000000158 and 0*0000000474 respectively. 

The values given above for a^Q and — ^ in the case of diamond indic^ito that this 


sxihstance has a minimum volume (or maximum density) at —42^*3, and that below 
this temperature it expands as the temperature falls. " In like maiuuT, a maximum 
density is indicated for oxic^c at — 4°*3, and for emerald xxt —4^*2. On the 

other hand, a maximum volume, or minimum density, is indicated for fused silver 
iodide at about — 60'^. 


Z*u»lon and Solidifloatlon. The latent heat of fusion of water has boon 
determined by Bunsen {Pogg. Ann. cxli. 30) by moans of his ice-ealorimetor. In two 
exporimenta he obttdntKl the values 80*01 and 8001: mean 80*025. Ho has also 
dt tormined the specific gravity of ice at 0*^ by a new process, and obtained in three 
experiments the values 

0*91682, 0 91673, 0*91667; moan 0*91674. 


Solubility of Solis . — Accordingto Nordenskidld (Pogg. Ayin. cxxxvi. 309), the efToct 
of lompcrsiture in modifying tho solubility of sneh salta as crystallise fmm aqueous 
solution without water, oven at low temperatures, can bo expressed by tho following 
funnula : 

logiQ S = n + 5^ + c/.*, 
or 

g _ 10 (rt + te + ct*)^ 


in which S is the quantity of a salt wliich can bo dissolved by 1 part of water nt the 
teniporaiuro t without fonnitig a supersaturato<l solution, and a, b, and 0 are constants 
dcpemling on the nature of tho salt. The values of these consbints have been calcu- 
lale<l by Nordenskidld for several subsUiiic(‘S, with tho following results : 


- 0*4481 + 0 0105 


Sodium chloride . . log S 

I’otassium chloride . „ 

Ammonium chloride . „ 

Barium chloride . . 

Sodium nitrate . . 

Potassium nitrate , „ 

Barium nitrate , ♦ „ 

Potassium chlorate , „ 

Potassium sulphate . „ 

Potassium chromate . „ 


=» - 0*5345 + 0*379 
* - 0-5272 + 0*5183 
= _ 0*5084 + 0 3413 
» - 0*1364 + 0-3802 
= 0-8755 + 0*2003 

= - 1-2793 + 1-2495 

= - 1-4776 + 1*7834 

= - 1-1061 + 08117 
« - 0-2219 + 0*1741 


( 16 b) 

(too)-""" (t^o)’ 

( 106 ) “ (loo) 

(too) “ " (too) 

( 1 ^)) - "*""3 (iky 

(too) “ ^‘<717 (i^oo) 
(100) - ""307 
(100) “ 0-6656 (yoo) 

(100) - Ciob') 

(ibo) “ (hTct) 


The general law expressed by these formulae may bo thus sbitcd c the rate at which 
the power of water at any given temperature to dissolvo a salt varies with variation of 
temperature is inversely proportional to its power of dissolving the salt at that given 
temperature. 

Vaporisation SAd Condensation. Tension of Vapours . — Tho relation between 
pressure, volume, and temperature may be represent^, in the case of perfect gases, by 
the equation (iii. 46) — ■ 

*s constant, 

a + t 

where a ^ t denotes the tempomture counted from, the absolute zero. It is known, 
however, from Regnault’s experiments (cf. iii. 48), that tho law expressed by this 
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equation does not applj with absolute strictness to any known gas; hut the same 
experiments have also proved that it represents with a very close approach to accuracy 
the behaviour of the permanent gases at modemte pressures. In the case of vapours, 
on the other hand, the relation between pressure, volume, and temperature differs very 
considerably from this law, though the difference becomes smaller and smaller as the 
temperature is raised and the pressiure is diminished — that is to say, as the vapour 
is farther removed from the state of saturation. In the case of several vapours, 
the passage from the state of complete saturation to that of an approximately 
perfect gas has been made the subject of a detailed investigation by Herwig {Pogg. 
Ann. cxxxvii. 19 and 592 ; also cxli. 84). The general result of his observations may 
be thus stated : at any given temperature the product of the pressure p into the 
volume Vy which is just sufficient to allow a given mass of a substance to evaporate 
(so that the whole exists as saturated vapotit), bears a constant ratio to the square-root 
of the absolute temperature at which the evaporation takes place : that is, 

yjt; «= K .y/a + ty 

if a is the absolute temperature of molting ice and k a constant coefficient. But since, 
as has just been said, the product of pressure into volume gets more and more nearly 
constant at a given temperature as the vapour is farther removed from the state of 
SJituration, or as its volume becomes greater, if we represent by PV the sensibly con- 
stant value which this product assumes at the temperature ty when the vapour is 
sufficiently expanded, we get, by combining the last equation with the expression 
PV = k{a + t) representing the law of perfect gases, 


PV 

pv 


C \^a + ty 


e again being a constant numerical coefficient. Ilerwig found that this coefficient has 
a constant value, not only in relation to a given vapour at various temperatures, but 
that it has the same value, namely 0*0595, for all the vapours examined by him, 
which were alcoholy cfUorqformy sulphide of carhoUy eikevy watery and bromide of 
ethylene. 

This law being once established, the volume occupied by a unit mass of any sub- 
stance in the state of saturated vapour at a given temperature may be deduced from 
observations of the volume and pressure exerted at the same temperature by a known 
mass of the vapour when expanded sufficiently to behave as a sensibly perfect gas. 
Thus if s be the mass of vapour which occupies the volume v under the conditions 
named, w© have, for the volume of the unit mass under like conditions, 


^ « 0*0595 v' a t .p a 

The numbers in the following tables, calculated this formula from Ilerwig’a 
experiments, give the volumes occupied at various temperatures by 1 gramme of 
each of the substances mentioned, when in the form of saturated vapour, and therefore 
exerting the maximum pressure corresponding to each temperature : 


Pressure, Volume, and Temperature of Saturated Vapours. 


Sulphide of Carlx>n 

t 

P 

o 

8*6 

183*09 

1244*8 

o 

14*2 

234*45 

983*2 

o 

20*1 

294*12 

791*9 

320 

461*64 

614*8 

o 

35 9 
531*69 
460X 

o 

40*0 

614*45 

392*3 

600 

866*6 

285*6 
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jprc 93 uref Volume and Jhmperaiure of Saturated Vapours (continuetl). 





Water 



Cliloroform 

- ' 


o 

9 

o 

<5 

O 

o 

9 

t 

400 

65*0 

69-8 

85*0 

950 

30*4 

39 8 

49*8 

2> 

64*95 

117*81 

' 230 23 1 

430*55 

629*59 

243*08 

364*77 

614*07 

r 

Vi 

18727*3 

8929*2 

4700*0 

2534*1 

1772*2 

619*5 

431*0 

301*6 


Ether 

Bromide of Etbyleuo 

t 

P 

Vi 

o 

18*2 

405*16 

698*1 

o 

25*0 

630*16 

401*2 

o 

35*0 

769*73 

323*7 

25°0 

474*8 

350*7 

o 

35*0 

689*5 

246*9 

o 

4 30 
904*0 
189*9 


The numbers in tho second lino of each table represent t.bo observed maximum 
pressures measured in millimetres of mercury, and those in tho third line represent in 
cubic centimetres the corresponding volumes of 1 gramme of tho several vapours. 


Table I. (see next page). 


1 Molecule of Acid ; a molecules of Sodium hydrate. 


1 Name ot Acid 

a 







i 

1 

2 

d 

4 

0 

1 . Monobasic acids : 









Hydrochloric 

, 


68*5 

137 

137 




Hydrobromic 



68*6 

137 

137 




Hydriodic 



08 

137 

137 




Ilydrosulphuric 



39 

77 

78 




Hydrofluoric . 



80 

163 

103 




Hydrocyanic 



14 

28 

27 




Nitric , • 



68 

137 

137 




IlypKjphosphorous 



77 

152 

153 




Motaphosphorio . 



71 

144 

— 




Formic 



— 

732 

— 




Acetic . , , 



66 

132 

132 




2. Bibasic acids : 









Hydrofluosilicio 



— 

133 

266 

•— 

— 


Sulphuric 



71 

146 

310 

— 

810 


Selenic 



— 

148 

304 

— 

804 


Sulphurous . 



— 

159 

290 

— 

293 


SeleniouB . . 



— 

148 

270 

— 

276 


Hyposulphurio 



— 

— 

271 

— 

— 

' 

Chromic • . 



— 

131 

247 

— 

262 


Phosphorous 



74 

148 

284 

289 

— 


Carbonic (aqueous solution) 
Boric • . . , 


64 

110 

in 

202 

200 

206 

206 

206 

Silicic . 



32 

43 

62 

— 

64 

— 

Stannic 



— 

— 

— 

— 

90 

— 

Oxalic . 



69 

138 

283 

— 

286 


Succinic 



— 

124 

242 

— 

244 

■ — 

Tartaric , , 



— 

124 

263 

258 

— 


3. Tribemo acids i 






382 


416 

Citric • 





124 

250 

•— 

Orthophospboric - 
Arsenic 



CO 

148 

150 

271 

276 

340 

369 

— 

363 

374 

4, Tetrabasic acid : 







627 

646 

Pyrophosphoric 

* 

* 


144 

286 
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Tho phenomena attending the vaporisation of liquids under very great pressure 
(already mentioned in voL iii. pp. 95, 96) have been further investigated by Andrews 
(PAil. Tra^s. 1869, p. 575), for an account of whose results see the article Caebon 
Oxides in this volume (p. 401). 

Heat of Clieinloal Action. Numerous determinations of the heating etfects of 
chemical action, especially in relation to the mutual action of acids and bases, have 
been made by Thomsen of Copenhagen {Pogg. Ann, cxxxviii. 65, 205, 495 ; cxxxix. 
193; cxl. 88, 497 ; abstr. T^eitschr. f. Chem. 1870, p. 533). His principal results are 
contained in the tables given on this and tho precofling page, the first of which gives 
the quantity of heat (in hundreds of gramme-degrees) produced by the action of 
1 molecular proportion (in grammes) of each of the acids named upon a molecules of 
sodium-hydrate in aqueous solution ; tho second gives tho quantity of heat (similarly 
expressed) which is produced by the action of 1 molecule of sodium-hydrate on 
a molecules of each acid, also in aqueous solution (200 molecules of water to 1 mol»- 
cule of sodium-hydrate or of acid). 


Table II. 

1 Molecule of Sodium hydrate ; a molecules of Acid. 


Name of Acid 





a 






2 

1 

h 


1 

h 

1. Monobasic acids : 
Hydrochloric 
Hydrobromic 
Hydriodic 
Hydrosulphiu*i c 
Hydrofluoric 
Hydrocyanic 

Nitric . 

Hypophosphorous . 
Motaphosphoric . 
Formic 

Acetic . 



137 

137 

136 

77 

160 

28 

136 

154 

142 

132 

137 

137 

137 

77 

163 

28 

137 

152 

144 

132 

132 

68-6 

68-5 

68-5 

39 

82 

14 

68 

76 

66 




2. liihasic acids : 









Hydrofluosiiicic . 



— 

133 

133 

— 

— 


Sulphuric 



142 

146 

155 

— 

78 


Solenic 



. — 

148 

162 

— 

76 


Sulphurous . 



— 

159 

145 

— 

73 


Selenious 



— 

148 

135 

— 

69 


Hyposulphuric 



— 

— 

135 

— 

— 


Chromic 



— 

131 

124 

— 

63 


Phosphorous 



149 

148 

142 

96 

— 


i Carbonic (aqueous solution) 


— 

110 

101 


51 


Boric , 



129 

111 

100 

68 

— 

34 

Silicic . 



65 

43 

26 

. — , 

13-5 

— 

Stannic 



— 

— 

— 

— 

24 

— 

Oxalic . 



138 

138 

141 

— 

71 

— 

Succinic 



— 

124 

121 

— . 

61 

— 

Tartiiric 



— 

124 

127 

86 

— 

— 

3. IHhasic acids: 









Citric . 



— 

124 

125 

127 

— 

69 

0 1 thophosphoric . 



147 

1 148 

135 

113 

— 

59 

Arsenic 



147 

[ 150 

138 

120 

— 

62 

4. Tetrabasic acid : 









Pyrophosphoric 



— 

144 

143 

— 

132 

91 


From these results Thomsen draws the following general conclusions : 
a. When 1 molecule of an acid acts upon sodium hydrate in aqueous solution, the 
evolution of heat is very ne^arly proportional to the quantity of soda, until this amounts 
to 1, 2, 3, or 4 molecules according as tho acid is monobasic, bibasic, tribasic, or 
tetrabasic respectively. 

h. When 1 mrdeciile of sodium hydrate acts upon an acid in aqueous solution, the 
evolution of heat is very nearly propr^rtional to the quantity of acid, until this amounts 
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to 1 , i» or :J molecule, according as the acid is monobasic, bibasic, t ribas ic, or 
tetrabasic respectively. 

c. In the case of vrell-characterisod acids, when the quantity of alkali or ncid 
employed is more than is required to form the normal salt, the thermal ell'eet of the 
excess is inconsiderable. 

The only mjirkod exceptions to these rules are presented l>y silicic acid (which gives 
no indication of possessing a deiiuite basicity), boric acid, orthophosphoric acid, and 
arsenic acid. 

The heat produced by the combination of several acids with potash, soda, and 
ammonia, in presence of ' excess of water, has been redetonninod by Andrews 
[ 'l\‘ans. Hoy. Soc, Edinh. xxvi. 85). Ilis results are given in the following table, 
side by side with those which ho obbiinod from similar moasurements puV)Ushed m 
IHtl, and are expressed in gramme-degrees of heat produced by the reaction of 
1 molecular proportion of each alkali taken in grammes : 


Heat lyroductd hy Acids and Alkalis (Aiulrows). 


Acid 

Potash 

Seda ' 

Ammonia 

1870 

1841 

1870 

1811 

1870 

1841 

Sulphuric . 

16701 

16330 

16580 

16483 

14710 

14135 

1 Nitric . 

14800 

15076 

14480 

14288 

12683 

12140 

! Hydrochloric 

14940 

11634 

14744 

14920 

12964 

12140 

! Oxalic 

15124 

14771 

1 5032 

14790 

13088 

12684 

I Acetic. 

13805 

14257 

14000 

14046 

12316 

12195 

1 Tartaric 

13508 

13612 

13400 

13135 

1J714 

11400 


The quantity of heat generated by the combustion of ht/droycn^ or, more exactly, 
the quantity absorbed when I gramme of hy<lrogen at 0^ and under 700 mm. proKsuro 
is produced by the decomposition of wateir at 0'^, lias been nicasurod by Kieclil 
{Jdhresh. 1809, p. 143), by ctmiparing the heat cvolvc<l by an electric current in a 
voltameter during the decomposition of a known quantity of water, with that simul- 
tanoously evolved by the same current in a wire of resiKtunco equal b) that of tho 
v«>ltameter (comp. iii. 114). Aa the mean of nine determinations he obtained tho 
number 

33,591, 

or, leaving out of account two rcBults wliicli ditfertKl considerably from the rest, 

33,053. 

From experiments on the direct combustion of hydrogen, Thomson {Zeitsehr. 
Chem. 1871, p. 181) finds 34,034 gramme-degrees to bo tho quantity of heat duo to 
tlie formation of 18 grammes of water weighed in vacuo. 

lletcrminations of tho heat of combustion of various articles of fwd liavo been 
made by Frankland {Phil. Mag. [4] xxxii. 182; Chem. Soc. J. [2] vi. 33) by 
burning them under water with potassium chlorate, and deluding from the observed 
evolution of heat the amount corresponding to the doconiposition of tho chlorate, 
(See Nutrition,) 

XMleeliatiieal Equivalent of Heat. Several new determinations of tho 
iTu chanical equivalent of heat have been made w’ithin the last eight or ten years. 
We give here a short statement of tho physical principles involved in tho various 
measurements, followed by a comparative table of the results. 

drhrvLS Determinations.— Powx sepanitc scries of experiments for the dotormination 
of the mechanical equivalent of heat are described by Cf. A. Him ( I'hlorie micaniqu4 
de la ChaJeur, partie, pp. 55-76 : l*aris, 1865 ). 

1. The first series depended on the measurement of tho quantity of heat pr^uc^ 
l»y tho expenditure of a known amount of work in overcoming the friction of liquids. 
The apparatus employed consisted of two conctmtric cylinders of brass, tho inner one 
being 1 metre long and 0'3 meti^i in diameter, and the outer one largo onough^to 
leave everywhere between it and tho smaller one a distance of 0 03 metre. *1*"® 
liquid to be experimented upon was caused Ui flow slowly through tlm cylindrical 
space thus formed, and the heat produced was estimated by measuring the change ^ 
temperature undergone by a known mass of the liquid during its pasiwvge through the 
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apparatus, proper allowance being of course Ibj^e for the quantities of heat lost bv 
radiation an4 condu?!tion, or absorbed by the solid parts of the apparatus. The work 
expended tras estimated by ascertaining the weight with which it was necessary to 
load friction-levers jessing against the ends of the outer cylinder in order to prevent 
it from being carried round by the force of friction acting between the liquid and the 
solid surfaces when the inner cylinder was made to turn at a known speed. 

2. In the second series of experiments water was allowed to escape by a small 
opening from a cylinder where it was subject to a very high pressure, namely 
462,820 kilogrammes per square metro, and the elevation of temperature in the water 
was noted. In this experiment the actual energy with which the water escaped was 
very small, and was very quickly converted into heat in the receiving vessel, so that 
the work spent in heating each portion of the escaping water was that due to the fall 
of an equal mass througli a height equal to that of the column of water required to 
produce the actual pressure employed. 

3. In the third series the quantities measured were (a) the heat produced when a 
piece of lead was crushed by a blow, and (6) the mechanical energy spent in the blow. 

4. The experiments of the fourth series consisted in observations of the change of 
pressure in a gas which was suddenly expanded without gaining or losing heat. 
Under those circumstances, the simultaneous changes of pressure and volume in a 
perfect gas are such as to fulfil the following equation : 


P2 


(^) 


(1). 


where pi and represent the initial pressure and volume of the gas, and its 
final pressure and volume, and /e the ratio of the specific heat under constant pressure 
to the specific heat under constant volume. During the change of volume, however, 
heat is either produced or absorbed; consequently the temperature of the gjvs changes, 
and the final pressure p.j is ditForont from what it would have been if the temperature 
had remained constant. Let bo the pressure corresponding to the final volume, 
supposing the temporaturo to have roxnained what it was at first : we then have, by 
Boyle’s law — 




( 2 ). 


and, substituting this value in equation (1), we get ^1- as 

Pa 

k =. ^2? A 

logPx - logoi'* 


CpO*’ 


The value of k obtained by Him, as the result of about forty experiments with air on 
this principle, has been already given (p. 669). This being known, the value of the 
mechanical equivalent is given by the formula 


Ha 


- i) 

(comp. iii. 121), where a is the coefficient of expansion of air, c' the specific heat of 
unit mass of air, and D the mass of unit volume of air at 0® under the pressure H — ■ 
quantities each of which is known from Regnault’s experiments. 

Joules Det&niiinatiou (Brit. Assoc. Hep. 1867, pt. i. p. 612). — Joule has determined 
the value of the mechanical equivalent of heat by measuring the quantity of heat 
pro<luced in a known time by an electric current of known strength traversing a 
metallic conductor of known resistance. The principle of the measurement is expressed 
by the formula 

j = 


where Q, is the quantity of heat produced in the time f by a current of the strength C 
in a conductor of resistance R, both C and R being expressed in absolute electro- 
magnetic measure. (See pp. 669-674.) 

Violins Determination (Ann. Ch. Bhys. [4] xxi. 64). — When a conducting disc Is 
made to revolve between the poles of a magnet, so that its plane of motion is porp<*“" 
dicular to the line joining the poles, electric currents are produced in the disc; and 
since these currents do not give rise to any external work, the eneigy represent^ by 
them is entirely converted into heat in the disc. At the same time, the induced 
currents and the magnet exert upon each other forces which oppose the motion of the 
disc, and consequently work must be cohtinuously expended in order to keep up a 
constant speed of rotation. These phenomen.a have been made to serve as the basis 
of a determination of the mechanical equivalent of heat by Viollo. 
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Bea»aul^» Essp^rimmits {Compt, rM,, Ixvi. 209). — Beeides the expeamente aboTe 
meDtioned, which wore undGrtaken for Uie 8]^ial purpose of me<0»uriiig^^e mechauical 
e<iuivalent of heat, Regnault’s recently published experiments on the velo^ty of sound 
in air may bo mentioned hero, since they give the data for tho tatio of the two 

specific heats of air, and hence the value of the mechanical equivalent. These experi- 
ments gave 330*3 metros per second ns the velocity of sound in dry air at 0°, and 
consequently wo have for the value of k (see iii. 41)-— 

k - v-‘ = I'ses, 

It^<r 

t' being the velocity of sound in metros, g the acceleration duo to gravity, <r the weight 
of unit-volume of mercury, and s tlie weight of unit-volume of air at 0® under a 
pressure equal to that of H metres of mercury. 

The following table contains the results of the several investigations above mon- 
tionod : 

Vahic of the Mechanical Eqmvali nt of lit at. 


Experimenter 

Result 

Mctliod 

Him . 

432 


Friction of water and brass. 


433 


Escape of water under pressure. 


441*6 


Specific heats of air. 

>> • • • 

425*2 


Crushing of load. 

Joule . 

429*3 

/ 436*2 (copper) ^ 


Heat prJxiucod by an oloctric current . 

Viollo 

j 434*9 (aluminium) 

■j 436*8 (tin) I 

(437*4 (load) J 


Heat produced by induced currents. 

Rcgnault , 

437 


Velocity of sound. 


It will bo remarked that, wit h one except ion, all thoso values are perceptibly 
higher than that obUiined by Joule from his cjx^erimentH on the friction of water, and 
tlio single process which gave a result almost identical with the number commonly 
adopted on the strength of Joule’s experiments is one which can hanlly bo made to 
give a very accurate value. As to the number doducod by Uirn from his ox^joriinonts 
on tlio expansion of air (4110), ho }X)intsout that it is certainly too great, on aceount 
of the unavoidable errors of the method. Joule’s new result is the lowest of throe 
values obtained ill distinct sots of observations, but, it is adopted by him as the r(‘Hult 
of tlio investigation in conscquonco of mt)re complete precautions to onsuro accuracy 
Imving boon bikon in the B(‘t of experiments from which it was deduced than in the 
other two sets. These, however, were closely accordant with each other, and would 
lead to 431*6 as the value of the mechanical equivalent. Of the numbers obtained by 
Viollo, the one in which ho places the greatest confidence is that <)btained by the 
experiments with a copper disc, and ho places next the number obtained with a disc 
of aluminium. 

Radiant Beat. 


EmUsive Power . — The following table gives tlio comparative emissive powers of the 
substances enumerated in it at 150*’, according to Magnus’s experimonU {Pogg. Ann, 
cxxxix. 437). 

Emiaaive power a^t 160*’. 
100 


liadiating Substance, 
Blackened silver 
Glass 
Fluor-spar 
Sylvin 
Rock-salt 
Polished silver , 


2 mm. thick 
10 mm. „ 

3 mm. „ 

8 mm. „ 

I mm. „ 


C4 

46*6 

17 

13 

9*7 


When a plate of rock-salt was placexl in front of a polished silver plate, either in 
contact or at a distance of 1 mm. from it, the radiation from Iwth together was con- 
siderably more than the tram of their separate radiations (being as much as 41 pw 
cent, of the radiation from the blackened silver plate when they were in cont^t). The 
cause of this effect was found to be the reflection by the silver plate of the heat 
radiated from the second surface of the rock-salt, for it was found to be gr^tly 
diminished when the silver plate was blackened and placed at the same distance fr^im 
the rock-salt. Hence, as Magnus pfduts out, the great importance, in all experiments 
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upon the nature or amount of the radiation from diathermic substances like rOck-salt, 
of avoiding as far as possible the pesence of anything that can radiate or reflect heat 
through the substance under examination. 

The ditFerenco between the radiating powers of the same substance, according as its 
surface is rough or polished, has been investigated by Magnus {Pogg. Ann. cxL 337), 
whose experiments have proved that platinum which has been strongly hammered has 
the same emissive power as platinum which has been most carefully annealed, and also 
that when platinum-foil is passed, under great pressure, between a pair of rollers, one 
of which is smooth and the other covered with fine linos, the emissive power of the two 
surfaces of the foil is the same. Hence Magnus concludes that the power of emitting 
radiant heat has no direct connection with the greater or lesser density oi the radiating 
surface (see v. 49). On the other hand, the radiating power of annealed platinum-foil 
may be doubl^by scratching the surface with fine emery-paper ; and by coating it with 
platinum-sponge, its radiating power may bo increased sevenfold. In order to account 
for these results, Magnus supposes that, even in the case of metals, the origin of the 
heat radiated outwards is not only the geometrical surface, but also that the internjil 
parts of the mass very near to the surface take part in the process ; and that tho 
greater radiating power of a rough surface, as compared with that of a smooth surface 
of the same material, is due to the hict that the irregularities of outline which con- 
stitute the roughening diminish in some manner the proportion of rays incident upon 
the outer surface from the interior which are. there reflected back again into the mass. 

liejtection,-- The proportion in which the heat given out by various diathermic sub- 
stances at 150° is reflected by surfaces of the same or of different kinds, and under 
various angles of incidence, has been investigated by Magnus (Pogg. Ann. cxxxix. 
683). In these experiments, as well as in those to bo mentioned presently, under the 
lioad Transmisswi (see p. 690), the substance which was employed as the source of 
the radiation was heated by being suspended by fine platinum wire in a current of 
heated air, so arranged with reference to a thermo-electric pile that not the smallest 
effect was produced upon the galvanometer except' when a solid radiator was intro- 
duced into the current, The principal results of the investigation are given in the 
following table : 


liejleciion of Radiant Heat. 



RADiA'nNQ Substances 

Lamp- 
black * 
on silver 

Glass 

Rock-salt 

Sylvin 

Fluor-spar 

Direct radiation, without reflection 

124-5 

119-8 

21-5 

35-5 

63-0 

Reflecting surface 

Anglo of 
Incidence 

Percentage of total incident heat reflected 



o 

33 

93-6 

88-8 

84-8 

83-3 

82-5 

Polished Silver . . . 

■ 

45 

944 

89-4 

89-4 

92-6 

86-0 



62 

93-6 

94-2 

96-9 

99-0 

87*3 



33 

— 

7’5 

70 

6-7 

— 

Glass 


45 

8-4 

8 6 

93 

9-2 

11-0 



62 

— 

14-8 

13 9 

13-5 

150 



33 

— 

7-6 

6*0 

6-5 

4 9 

Rock-salt 

• 

45 

83 

8-2 

8-4 

8-1 

100 



62 

— 

12-9 

12-8 

10-8 

11*7 



33 



2-6 

4-6 

2-7 

2-7 

Sylvin 


45 

3-6 

3-5 

60 

5*4 

40 


62 

— 

8-5 

10-7 

8-9 

10-8 



33 

— 

7-2 

23-0 

15*4 

6*6 

Fluor-spar .... 

• 

45 

8'6 

8*8 

242 

18-1 

109 


1 

[ 62 

— 

14 3 

33*5 

24-3 

12*4 


• The cofttfng of lampblack was necessarily thtn, as a thicker one did not adhere ; it WM probaWf 
not thick enough for the lampblack to produce Its full cfTect, 
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It will l>6 observed that, of the substances whose behaviour if given in this table, 
ftuor'Spar if the only one of which the reflecting power varies to any great extent witli 
the nature of the source from which the heat comes. Wht n the angle of incidence is 
46®, the proportion of heat reflected varies — 

With Silver, between 86 and 94*4 per cent. 


Glass, ,, 

8-4 , 

11 

Kock-salt, „ 

82 , 

10 

Sylvin, „ 

35 , 

» 6 


whereas fluor-spar reflects only 8 ’8 and 8 6 per cent, respectively of the heat radiated 
by lampblack and by glass, but as much as 2 4 2 per cent, of the heat from rock-salt, 
and 1 81 per cent, of that from sylvin. 

Refraction . — The refraction of solar heat by 8ylviu(nativo potassium-chloride) has 
been compared by Knoblauch {Pogg. Ann. cxxxvi. 66) with ita refraction by reck-Halt. 
A beam of solar rays was allowed to pass through two slits, eacli 2 inillim. wide, placed 
at a distance of 0 93 metro apart, and then through a prism, set at the angle of least 
deviation, OT metre from the second slit, after which it fell upon a thermoelectric pile, 
with a linear opening 3 mm. wide. The following table gives the galvanoinetor- 
dertections produced by this arrangement of apparatus with a prism of sylvin of 
refracting angle = 50®, compared with the deflections obtained witli a prism of rock- 
salt of refracting angle = 45® : 


Refraction lyg Sylvin and Rock-salt. 



Sylvin prism 
of 60* 

ll^tck-salt prUm 
of 46* 

la the first zone beyond tlie Violet (up to the| 
limit) J 

000 

000 

,, Violet ...... 

0'50 

0*30 

,, Indigo ...... 

0*56 

0*35 

,, nine ....... 

0 60 

0 46 

„ Green ....... 

0*65 

0 60 

,, Yellow and Orange .... 

100 

1*00 

„ Red (as far as the limit) 

2*00 

2 00 

,, first zone beyond the Red , 

2 83 

2*60 

„ second „ „ . . . 

1*76 

1*26 

„ third „ „ . . . 

0*50 

0 25 

„ fourth „ „ . . . 

000 

000 


In both cases the greatest heating effect occurs in the part of the spectrum which is 
loss refrangible than the visible red. 

The distribution of heating power in a solar spectrum produced by using a silver 
heliostat mirror and lenses and prisms of rock-salt has also been studied by P. Dosaius 
(Compt. rend. Ixx. 986). The apparatus used gave an angular separation of about 
3® 48' between the ends of the visible spectrum, and the greatest heating effect was 
found on an avexage at an angular distance of 51' from the bright red ; sometimes, at 
eight in the morning, the maximum of heat was at 46' only from the red ; in other 
cases, at noon, it was as much as 64' from the red. Possibly this difference is owing 
to the absorption of a considerable part of the least refrangible heat by the water 
existing in the atmosphere in the liquid state, as mist, which is commonly 'more 
abundant in the morning than it is at noon. The first table on p. 690 gives an 
analysis of the heat-spectrum for about 11 o’clock in the forenoon of April 20, 1870. 

If a curve were drawn with abKissse proportional to the numbers in the first column 
of this table, and ordinates proportional to the corresponding numbers in the third 
column, the area enclosed by any part of the curve, the ordinates of its extremities, 
and the axis of abseissse would express the total heating effect of the part of tha 
spectrum represented by the corresponding part of the axis of ftbscissas. Comf«r<^ ia 
this way, the total heating effect of the visible spectrum is found to be about J of the 
heating effect of the whole 8X>ectrum. 
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Distribution of Heat in the Solar Spectrum, 


Angular 


Colour 


Comparative 

Distance 



Heating Power 

0' 

Extremity of the Violet . 


0 

30' 

Violet .... 


6 

2 ® 18' 

Blue .... 


10 

3° 0 ' 

Greenish Yellow 


23 

3® 30' 

Bright Carmine 


39 

3° 48' 

Extreme Rod . 


61 

4° 0' 




f 

81 

4® 18' 





100 

40 24' 

5® 0' 


h Beyond visible Bed 

. - 


94 

20 

5® 12' 





8 

6® 0' 




1 

0 


Transmission . — The transmission of radiant heat from various sources through 
various media has been cxamiued by Magnus with special reference to tlie properties 
of rock-salt (Pogg. Ann. cxxxix. 431). The moan results of his most important 
measurements are given in the following table : 





Sources of Heat (temperature in all cases, 150*^) 


Substances 
through which 

Thickness 


Rock-salt 

Sylvin 

3 to 4 
mm, 
thick 
(clear) 

Fluor-spar 
8*8 mm. 
thick 
(clear, 
colourless) 



the Heat was 
transmitted 

r 

2*5 to 

3 mm. 
thick 

15 mm. 
thick (not 
quite clear 
throughout) 

18 mm. thick 
(quite clear 
throughout) 

Silver 
Chloride 
2'5 mm. 
thick 

Silver 

/Jromid 

1 mm. 
thick 

Air 

mm. 

100 

100 

100 

100 

100 

100 

100 

Rock-salt 

1 

6S'2 

681 

54-4 

— 

— 

— 

— 


2 

41-6 

60-3 

62-8 

61-4 

80-6 

71-6 

70-6 


6 

30*5 

60*6 

43-3 

— 



— 

— 


20 

200 

40*2 

24*7 

59 2 

70*8 

72*1 

73-3 


80 

20-9 

39*4 

16-6 

— 

— 

— - 

— 

Sylvin , 

3 

55*16 

70*7 

64-8 

49-6 

88 9 

73-7 

66*2 

10 

440 

— 

— 

— 



— 

— 


20 

36*5 

66*4 

47-8 

28*4 

851 

66*2 

60-9 


29-5 

— 

48-4 

39-8 

— 

. — 

— 

— 

Fluor-spar 

2-8 

8*3 

17-3 

3 3 ' 

587 

19-2 

61*6 

531 

10 

8*3 

15*6 ! 

2 8 

54*5 

9*1 

43-6 

48-3 

Silver chloride 

0-6 

640 

620 

62-5 

625 

67 8 

59*3 

1 53 9 

Silver bromide 

3 

47*4 

47*4 

48*7 

367 

54 6 

41*3 

j 37 0 

0 3 

68-8 

680 

680 

70-5 

72*2 

69 4 

: 65*3 


2-75 

453 

44*4 

44*1 

43*7 

45*1 

41*8 

! 37-5 

Selenium 

2*5 

13*3 

150 

16*9 

9*53 

21 3 

137 

1 10 9 


These numbers afford a striking illustration of the previously known fact (see v. 
uO), that diathermic substances absorb most readily rays omitted by other portions of 
the same substances ; but they also Wing out m a very remarkable manner the 
thermochroic character of rock-salt. This is best seen by examining the results 
relating to the thickest piece (18 ram.) of that material, the thickness and perfect 
purity of- which caused the heat given out by it to exhibit the special characters pecu- 
liar to the substance in the highest degree. Of this heat, little more than one-half 
was able to pass through a plate of rock-salt 2 millimetres thick, and only one-sixth 
could pass through 80 millimetres of rock-salt; while nearly the whole of it (96*7 pw 
cent.) was stopped by a plate of fluor-spar 2*8 millimetres thick. ^eDce, as Magnus 
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pointed out* the charncteristic properties exhibited by rock-salt in connection witlv 
radiant hei^ (see y. 62, 63, 66, 67) are not the result of its being really a^Arrmo- 
ckroict as was thought by Mclloni, but of its being tnonothermochroie^ that is to say, 
of its having the power to emit and to absorb (at temperatures not above about 160®) 
rays solely or nearly of one kind, and of these ra^’s having been present only in very 
small proportions in the heat from the sources employed by Melioni and most oUier 
experimenters who have studied its action. It has already been pointed out that the 
heat given out by rock-salt is re6ected to an exceptionally great extent by 6uor-spar ; 
this property, together witli the very small proportion in which it is transmittoa by 
fluor-spar, forms a marked difference between the thermal characters of rock-salt and 
those of sylvin, which in many respects they so closely resemble. 

Polarisation. — 1. By E^niasion. It was shown in 1849 by De la Provostaye and 
Desains that not only luminous heat omitted obliquely is polarisetl at right angles to 
the plane of emission, but that this is the case also with heat emitted by platinum at 
temperatures as low as about 230® {Jahm^b. 1849, p. 48). Mtignus in 1866 (I^W. 
Ann. cxxvii. 600 ; Fortachr. d. Phya. xxii. 328) confirmed this result, so far as reganls 
polished platinum, but fountl that the heat emitted by platinised platinum is not 
polarised. More recently (1868^ Magnus examined the heat emitted by various 
surfaces at 100® {Fogg. Ann. cxxxiv. 46 ; Ann. Ch. Phya. [4] xv. 467), and found that 
the proportion of heat polarised at right angles to the plane of emission, contained in 
the total radiation in a direction making an angle of 35° with the surface, could bo 
represented by the numbers given in the following table : 


Radiating aorface 

Percentage of 
polarised beat 

Radiating surface 

Percentage of 
polarised beat 

Tin-plate .... 

27-6 

Colza oil . . • , 

6'64 

Copper .... 

22 4 

Melted rosin . 

7-26 

Aluminium . , 

28-6 

White wax , . 

7 8 

Mercury . . , , 

32-0 

Glycerin , , , . 

661 

Glass, transparent 

10-4 

Paraffin , , , . 

60 

Glass, black 

12-4 




The analyser employed in these experiments was a black glass reflector set at an angle 
of 36® to the axis of the incident beam. 

2. By Rejlection. By employing as polarisor a pile of 4 plates of rock-salt, each 
from 3 to 4 mm. in thickness and having about 60 square contim. of superfleial area, 
and a similar pile as analyser, Desains (Compt. rand. Ixiv, 1246 ; ^^93- Ann, cxxxiv. 
472) succeeded in polarising the heat radiated by copper at 160®. When the planes 
of incidence of analyser and polariscr were parallel, the galvanometer connected with 
the thermoelectric pile which received the heat from the analyser showetl a deflection 
of 1 2^ ; when the planes of incidence were at right angles to each oilier, the deflection 
was 7®. 

CondnotioB of Xeat. The laws of the conduction of heat bpr liguida have been 
investigated by Gutluie {Phil. Trana. 1869, p. 637) by a method in which one of the 
chief causes of uncertainty in previous experiments on the sumo subject is got rid of. 
His apparatus consisted essentially of an air-thermometer with a conical reservoir of 
sheet brass ; the base of the cone, formed by a flat plate of platinum, was placed 
uppermost, and a calibrated and graduated glass tube, open at both ends, was fitted 
into the apex of the cone by means of a cork. The lower end of this tube dippeil into 
coloured water contained in a wide open vessel, and the motion of the water in the 
tube indicated the changes of temperature in the air in the conical reservoir. A 
similar brass cone with a flat platinum base was placed, base downwards, ^th its axis in 
the same vertical line as that of the thermometer-cone, with its base facing the base of 
the latter at a distance which could be awMiratoly ax^usted and measured by means of 
ft micrometer 8cr^w. The apparatus being set so that the bases of the two cones were 
exactly horisontal, the upper one was brought down to within the required distance 
(usually 1 or 2 millimetres) of the lower one, and the flat cylindrical sp^e between 
two platinum faces was filled by means of a pipette with the li^id to^ be 
eiutmined. By this arrangement a unimrm layer of liquid was obtained, the vertical 
iides of which were not in contact with any solid material which could either help or 
hinder the passage of heat from one surface to the other. Hei^ was applied to the 
^pper sorfhee of this layer of liquid, by causing a stream of warm water of known 

y T 2 
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temperature to flow through the upper cone ; and the passage of heat through it vat 
judged of by comparing the resulting depression of the coloured water in the thermo- 
meter-tube with the depression which occurred, under otherwise like uonditiona, when 
the faces of the two cones were close together, contact between them being made more 
perfect by wetting them with mercury. The numbers in the following table express 
the relative resistances to the passage of heat through the various liquids examined by 
him, which Guthrie deduced from the results of his experiments made under the 
following conditions : namely, temperature of the air 20*17°, temperature of water in 
the upper cone 30*17°, thickness of layer of liquid 1 inillira., duration of each experi- 
ment 1 minute : 


Uqnid 

Thermal 

resistance 

Liquid 

Thermal 

resistance 

Water .... 

1*0 

Amylic acetate . 

10*00 

Glycerin .... 

3*84 

Amylamine 

10*14 

Acetic acid (glacial) . 

8-38 

Amylic alcohol . 

10*23 

Acetone .... 

8-51 

Oil of turpentine 

11-75 

Ethylic oxalate . 

8-85 

Butylic nitrate . 

11*87 

Sperm oil . 

885 

Chloroform . , 

12*10 

Alcohol .... 

909 

Bichloride of carbon . 

12*92 

Ethylic acetate . 

909 

Morcury-amyl . 

12*92 

Nitrobenzene 

9-86 

Bromide of ethylene . 

13*16 

Amylic oxalate . 

10*00 

Amylic iodide . . 

13*27 

Butylic alcohol . 

10*00 

Ethylic iodide . 

14*20 (?) 


It can hardly bo supposed that the method employed in these experiments could 
give strictly accurate numerical results, though the sources of error cannot have been 
such as to cause any great error in simply comjMirative measurements. Hence we do 
not reproduce hero the numbers calculated by Professor Guthrie to express the 
‘ number of heat-units arrested in 1 minute by 1 square decimetre 1 millim. in thick- 
ness’ when the temperature of the lower surface of the layer of liquid is 20*17, and 
that of the upper surface 10° higher. One of the most important results of this 
investigation is that the conducting power of liquids for heat is greater at high tem- 
peratures than at low ones. 


Conducting Power of Metals . — Some confusion exists in the statements in vol. v. 
(pp. 69-72) witl^ regard to the conducting power of metals, caused partly by the 
variety of units adopted by diifereiit experimenters for the purpose of expressing their 
results. It will therefore be useful to repeat the statement of some of the numerical 
values in such a way as to prevent the possibility of further error. In the first place, 
however, it is needful to correct a statement made in p. 69 (vol. v.) to the effect that 
coefficients of conducting power are expressed by the same number, whether they are 
referred to the kilogram, millimetre, and square metre, or to the gram, centimetre, 
and square centimetre, as units of mass, thickness, and area respectively. If we denote 
by Q the quantity of heat which would pass per second through a plate 1 mm. thick 
and 1 square metro in area, with a given difference of temperature between the 
surfaces, the quantity which would pass under like conditions through each square 

centimetre of a plate 1 centim. thick would be ?! , since the thickness, in the 

^ 10x10,000 


second case, would be ten times as great, and the area 10,000 times as small, as in the 
first case ; but if this smaller quantity of heat is expressed in gram-d^rees instead 
of in kilogram-degrees, the number representing it will be 1,000 times as great : hence 
it appears that, in order to convert coefficients of conductivity expressed in kilogram- 
degrees, per square metre, per mUUmetre, per second, into gram-degrees, pey square 


centimetre, per centinutre, per second, we must multiply by- 


1,000 


10 X 10,000 


= 0*01. Fur- 


ther, if the minute bo taken as the unit of time, instead of the second, we must 
multiply again by 60, so that to pass fix>m kilogram-degrees, per square met^, per 
millim., per second to gram-degrees, per centimetre, per minute, we must multi^y by, 
0*6. We TOSS now to the statements of experimental results. 

P^clet i^raiU dela Chaleur, 3rd edit, vol. i. pp. 390, 391) gives the following m the 
result of a determination of the absolute conducting power of lead : the quantity of 
heat which would pass in 1 hour through a plate of lead 1 sq. metre in area and 
1 metre thick, with a difference of 1° between the temperature of its surface, is 1 8*83 
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kilogmm’degr^. Thia result, reduced to what it would be for a plate 1 millim 
thic* and for 1 second of time, would become (comljiare v. 69) 


13-83 + 


1,000 

3,600 


> 3-84. 


Xngstrom (i^^. cxiv. 627) gives, as the results of his experiments on copper 
and iron, the numbers 64*62 and 9*77 respectively as the numbers of gram-degrees 
which would pass per second through each square contim., of plates 1 centim. tliick, 
and at a mean temperature of from 61® to 62®, if the temperature, of tho surfaces 
differed by 1 degree. From tho context, however, it appears that 1 secotid hero is a 
mistake for 1 minute. In a subsequent ]mper {Pogg. Ann. cxviii. 429) Angstrom 
gives the following values for tho conductivities of copper and iron at tho Urapo- 
raturo t° : 

61*63 (1 — 0*00214^) . copper (first specimen). 

68*94 (1 — 0*001519<) . „ (soconci specimen). 

11*927 (1-0*0028740 . iron. 

Neumann (Ann, Ch. Pkya. [3] Ixvi. 186) takes as his units of time and length 
1 minute and 1 Paris line, and, as unit of heat, the quantity required to raise tho tem- 
perature of I cubic line of water 1 degree, and adds that to reduce his values to the 
units employed by P^clet or to those employed by Angstrom, thov must be multiplied 
by 0*0848 or by 0*0609 respectively. The following are the results which ho 
gires ; 


Copper 

. 1306 

Brass . . 

. 366 

Zinc 

362 

Gorman silver . 

129 

Iron . 

193 


These various results, expressed according to tho same units, are collected in the 
following tabic, where the numbers in tho columns headed A are referred to 1 gram* 
degree as the unit of heat, 1 centimetre as tho unit of length, and 1 minute as tho unit 
of time, whereas for the columns headed B tho units are 1 kilogram-degree, 1 milli* 
metre, 1 square metre, 1 second : 



XngRtrUm 

Neumann 


f 

A 


A 

B 

Copper . 

J61 63 (1-0*002140 
{68*94 (1-0 0016I90 

102-7 (1- 00036670 1 
98*23 (1- 0*0026320 1 

66*48 

110-75 

Zinc 


18*43 

30*70 

Brass . 

i • • • • 

. . • . • 

18*12 

30*19 

Iron 

11*927 (1-0*0028740 

19*88 (1-0*004790 

9*82 

16*37 

German silver 

6*67 

10*94 

Lead 

(A) 2*30 ; (B) 3 84 , 

. . P6clet. 




The numbers given at p. 72, vol. v., as the result of Neumann's experiments on 
several non-metaUic substances refer to the units employed in the columns B of the 
above table. G-. C, F. 


HSZJPmr. According to Hoyer ( Vierteljahre. pr. Pharm, xiii. 644), the formula 
of this substance is which, however, requires 12*8 p. c. carbon and 0 8 p. c. 

hydrogen more than the formula deduced bv Gorhardt (iii. 138) from 

several closely agreeing analyses. According to Hoyer, helenin melts at 76®; according 
to Gerhardt, at 72®. 


The seeds of tho sunflower (It. annuut) yield 21*8 p. c. of 
fixed oil fCloea, JBuU. 8&c, Chim. [21 iii. 41), 

^ The tnoers of Jerusalem artichoke (If. iUbefosus) gathered in September yield a 

I uice which is strongly laevogyrate, is only partially thrown into alcoholic fermentation 
7 beer-y^t, and when left to itself solidifies to a curdy mass, with separation of 
inulin. 'hie juice expressed therefrom deposits a further quantity of inulin onaddition 
of alcohol ; after the separation of the inulin it is optically inactive, and ferments with 
yeast without becoming optically active. The tubers biken up in Iktarch or April 
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yield ft dexfcro^^yrftte Juice# which k free from intiljti, and yields by fermentation a 
considerable quantity of alcohol. After eraporation it yields, on addition of alcohol 
a gummy precipitate, the aqueous solution of whicli is optically inactive, and ferment^ 
without alteration of this property (vid. in/.). The alcoholic solution separated from 
this gummy substance is dextrogyrate, and undeigoes, under the influence of acids or 
of yeast, the same transformation as cane-sugar, yielding inverted sugar, with a 
rotatory nower varying according to temperature. The alcoholic solution when 
evaporated leaves a syrup, from which, by treatment with baryta and decomjposition of 
the resulting precipitate with carbonic acid, ciystaJlisable cane-sugar is obtained. The 
tubers gathered in September yield neither sugar nor a saccharate when thus treated. 
Hence it appears that the inulin formed in the early stage of growth is afterwards 
converted into crystallisable cane-sugar and an uncrystallisable optically inactive 
sugar (Dubrunfaut, Compt. rend. bdv. 764). 

Ville a. Joulie {Bull. Soc. Ckim. [3] vii. 262), by repeatedly treating the juice of 
Jerusalem artichoke tubers with alcohol, obtained a substance which they designate 
as levulin ; it resembles dextrin, has a sweetish taste, is soluble in water, reduces 
alkaline cupric solutions only after boiling with acids, is optically inactive, but 
becomes strongly Isevogyrate by treatment with hydrochloric acid. 

HB&ICXV. — This compound, the glucoaide of salicylol, is converted 

by digestion in aqueous solution with excess of sodium-amalgam into salicin, 
(Lesonsko, Zeitsekr. Ckem. Pharm. 1864, p. 677). According to Swarts 
{Institut. 1865, p. 325), helicin thus treated yields helicoi'din, = 

2C'»H'-0' + H*. 

Helicin treated with chlorides of acid radicles yields substitution-products (Schilf, 
Z^tschr.f. Chem. [2] v. 1). Acetyl chloride decomposes it even at ordinary tempera- 
tures ; and if the action be allowed to go on for 24 liours, the mixture then heated to 
60° and mixed with ether, teiracetyUhelicin, C**H'’^(C®H*0)^0% is dissolved, and 
may be obtained by crystallisation from alcohol in shining prisms. Boiled with 
absolute alcohol, it yields ethyl acetate. By boiling it with water and magnesia, the 
whole of the acetyl is removed as magnesium acetate. 

Helicin heatea to 60° with benzoyl chloride, is converted into henzoyl-helicin, 
C’*H‘*(C'H^0)0’, which separates as a white crystalline powder, insoluble in ether, 
slightly soluble in water and in alcohol, and converted by treatment with water and 
sodium-amalgam containing a small proportion of sodium, into populin (benzoyl- 
salicin). Helicin heated with benzoyl chloride to IdO*^-! 70° yields tetrabenzoyl-hilicin, 
C'*H’*(C’H^0)^0^, coloured brown by secondary products, and difficult to purify. It 
is soluble* in alcohol and ether, nearly insoluble in water, and when heated in a sealed 
tube with hydrochloric acid, gives up the whole of its benzoyl as benzoic acid. 

Helicin reacts with organic bases like an aldehyde, exchanging an atom of its 
oxj'gen for an imidogen group in which the hydrogen is replaced by an alcohol- 
radicle, e.g. (NO*H'‘)", (NC*H*) ", &c. Amylamino and aniline act upon it at ordinary 
temperatures, toluidine only at the boiling heat. The phengl-derivative C**H**NO* 

=* C**H'*0*(NC*H*)" is prepared by gently heating helicin with aniline, treating the 
product several times with acetic acid to remove the excess of aniline, dissolving the 
yellow residue in alcohol, adding an equal volume of ether, filtering, evaporating, 
dissolving in absolute alcohol, and pouring the filtered solution -into excess of cold 
water. The aniline derivative of helicin, then separates as a yellow 

powder, which turns green on exposure to the air, is insoluble in wftter, very soluble 
in alcohol, and forms with concentrated acids, scarlet solutions which are decomposed 
by water. The hydrochloric solution does not yield a plati nochloride. By boiling 
with acids or allulis it is resolved into glucose and salhydranilide, C’H‘0(NC*H*), 
which latter is then further resolved into its constituents. The tcluidme-derivative of 
helicin is similar in every respect to the aniline derivative (SchifP, Zeitsekr. f. Chem. 
[2Ur. 638). 

The acetyl and benzoyl derivatives of helicin gently heated with aniline and toluidine 
yield similar derivatives. Tetracetohelicinanilide, C'*H‘*(C*H*0)*0*(NC*H*), separates 
irom solution in hot alcohol as a white crystalline powder. A similar compound is 
formed with toluidine. The anilide heated to about 160° with toluidine yields fsfra- 
cetohdicinanilotoluide, C'*H’*(C^H*0*)0*(NOH*)(NC'H’), and with aniline a similar 
compound containing 2 at. NO*H^. Both those compounds are amorphous, and when 
boiled with water and m.agnesia give up 2 at. acetyl in the form of magnesium acetate, 
while the other two are separate as acetanilide and acetotoluide. Benzoyl-helicin 
and tetrabenzoyl-helicin yield analogous compounds with aniline and toluidinft (Schift*, , 
ibid. [2] v. 61). 
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Ba&USOBW, and HauamOKSnr, C“H‘'0'* (HaBomann a. 

Marme, Ann, Ch, Pharm. cxxxr, 66). — Two glucoliides existing in the roots of Heller- 
borus niger and H, viridis and determining their physiological action. Hellobopin, 
which occura but very sparingly in black, more abundantly in green hellebore, is iden- 
tical with the supposed azotised body helUborine, obtained in an impure state from 
black hellebore by Bastick (iii. 140). HelleboreYu is much more abundant in black 
than m green hellebore, but occurs in considerably larger quantity than holleborin, 
even in the latter. 

To prepare hel lob orein, the aqueous decoction of the root is precipitated with 
basic lead acetate ; the concentrated filtrate is freed from excess of lead by sodium 
sulphate and phosphate ; the precipitate, after being repeatedly pressed, is stirred up 
with alcohol and levigated litharge, dried thorowith, and exliausted with boiling 
aleohol ; and the helleboroin is precipitated from the strongly concentrated oxtnvet by 
ether. After repeated solution in alcohol and precipitation with other, it crystalliKea 
gradually from the fonner in transparent nodular groups of microscopic noodles, which 
on exposure to the air crumble to a yellowish-whito hygroscopic powder. It has a 
sweetish taste, is very soluble in water, somewhat less soluble in alcohol, and quite 
insoluble in ether. The aqueous solution, which scarcely reddens litmus, dries up te 
an amorphous yellowish mass, which loses its water at 110°-120°, and then 
exhibits the composition above given, becomes straw -yellow above 160°, brown nt 
220°-230°, viscid at 280®, and then carbonises. Strong sulphuric aekl dissolves it, 
with brown-red colour, gradually changing to violet. Alkalis and alksdino earths have 
no action upon it. By boiling with dilute acids, it is resolved into holloborotin, 
which separates as a dark violet-bluo precipitate, and glucose, which remains 
dissolved : 

^ + 2C«II’*0«. 

Helleboretin when dried forms a grey-green, amorphous, inodorous, and tasteless 
powder melting above 200®, insoluble in water and ether, but easily soluble, with violet 
colour, in alcohol. From the brown-red solution in strong sulphuric acid it is pre- 
cipitato<l by water in its original state. 

Helleborin, is best prepared from old roots of green hollelwre. The 

hot-prepared and strongly concontrate<l alcoholic extract is repeatedly agitated with 
boiling water ; the liquid freed from supernatant fatty oil is evaporated ; and the 
helleborin which separates on cooling is washed with water and purified bv recrystal- 
lisation from alcohol. It forms shining, white, concentriwilly grouptnl neealos, insoln- 
Me in cold water, slightly soluble in other and in fixed oils, easily soluble in boiling 
alc/>hol and chloroform ; docomposes when heated above 260®. The smallest trace 
of it may be detected by its reaction with strong sulphuric acid, which first colours it 
deep red, and then dissolves it with the same colour. It is a stronger narcotic than 
helleborein, and ite alcohr)lic solution has a very acrid burning taste. It is resolved 
by boiling with dilute acids, nr more completely with a concentrated solution of zinc 
chloride, into glucose and helloboresin, C**11*'‘0*: 

+ 4 IPO *= + C*H'20". 

The helleboresin separates as a resinous body which is insoluble in water, slightly 
soluble in ether, easily soluble in boiling alcohol, and is separated therefrom by water 
as a white flocculent precipitate. 

KXMCnPZWXO AOZO. — ^This acid is produced by oxidising opianic acid 

(C>®H**0*) with chromic acid mixture (Matthiesson, Proc. Hoy. 8oc. xvii, 341). It 
crystallises in different forms with j^, 1, or 2^ mol. water; the first and second of these 
hydrates crystallise in the raonocfinic system (Matthiessen a. Foster, ibid. xvi. 40^. 
Hespecting its reactions with hydriodic and hydrochloric acids, see iii. 142^. It iB 
not reduced to opianic acid or meoonin by any reducing agents ; neither hare experi- 
ments to form opianic acid by the union of hemipinic acid and meconin been successful ; 
nor has hemipime acid been oxidised fo any other compound. Heated to 170® it gives 
off water and leaves an anhydride, which maybe crystallised unaltered 

from absolnte alcohol, but when troaled with ordinary spirit of 90 p. c. it forms ethyl- 
hemipinic acid, C**H*(C*H*)0* (Matthiessen a. Wright, ibid. xvii. 841). 

MWMW* Bee Cakkabis. 

XWTAWB. Septane. Heptyl Hydride. The properties of this hydro- 

carbon, obtained from various sources, end of its derivatives C'H'*, 
have been examined by Schorlemmer {Proe. Hoy. 8oc. xiv, 164, 464), The specific 
gcavities and boiling points are given in the following table : 
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HeptyboorapoundB from ; 



' Petroleum 

Azelaic acid 

Ethyl-amyl 

Hethyl-hcijp j 


Boiling pwnt 
Sp.gr. 

98° (91°) 
0-7149 at 15-6° 

100-6° 

0-6840 at 20-6° 

90-6° 

0-6819 at 18-6° 

90° 

0*6789 at 19® 

C’H“ 

Boiling point 
Sp. gr. 

96° 

0-7383 at 17-6° 

96° 

0-7026 at 19° 

94° 

0-7060 at 12*5° 


C’H‘*C1 

Boiling point 
Sp. gr. 

149° 

0-8965 at 19* 

162° 

0*8737 at 18*5° 

147° 

0*8780 at 18-6° 


C^H'^O 

Boiling point 
Sp. gr. 

164-5° 

0-8749 at 16° 

165-6°? 

0-8286 at 19-5° 

164° 

0-8291 at 13*5° 


C’H'* 

C*H*Op 

Boiling point 
Sp. gr. 

180° 

0-8868 at 19° 

181° 

0-8605 at 16° | 

179° 

0-8707 at 16-5° 



The cthyl-amyl was prepared by decomposing a mixture of ethyl and 

amyl iodides with sodium, treating the product with a mixture of nitric and sulphuric 
acids, and rectifying over sodium. The he^iyl chloridr, prepared from it, 

WHS resolved (like that obtjiined from petroleum heptane, iii. 146), by heating to 160°- 
180° with potassium acetate and acetic acid, into heptylene and heptyl acetate. The 
keptyl alcoM^t prepared from this acetate, dissolves in strong sulphuric acid, 

with slight browning, and formation of a sulpho-acid whose barium and calcium sal^ 
are not crystallisablo. By oxidation with chromic acid mixture, it yields cenanthylic 
acid, together with a little oenanthol ; hence it is a primary alcohol. IlepUine prepared 
by heating azelaicaci'd with baiyta, C*H**0* = C’H'* + 2CO® (Dale, Cfiem. Soc. J. [2] 
ii. 268), yields by a similar series of reactions, a primary alcohol boiling at 94°. The 
portion of American petroleum boiling below 100° yields, together with the heptane 
boiling at 98°, another isomeric hydrocarbon boiling at 90°-92° (see also Warren, 
Jahre»h. 1866, p. 616), The heptanes from azelaic acid and ethyl-amyl are regarded by 
Schorlemmer as distinctly isomeric. The former is probably the normal compound 
OH*— (CU^)*— CH* ; the latter, if prepared from ordinary amyl-iodide (p. Ill ), must 
be supposed to contain the group CH(C11*)* : hence its constitutional formula is 
probably CH»-(CH*)»-CH(Cn*)*. 

Phthalic and terephthalic acids heated with 80 pts. of saturated hydriodic acid 
yield heptane boiling at 91°-93° : 

C«H«0* + 14HI = -I- CO* + 2n*0 + IV. 

Toluene, C*H*, similarly treated, is completely converted into heptane ; benzoic acid 
also yields the same hydrocarbon as normal product, together with hexane, C*H**, in 
consequence of the previous splitting up of part of the benzoic acid into benzene and 
carbon dioxide (Berthelot, Jahresh. 1867, pp. 346, 368). Toluidine and paratoluidine 
heated with 60 pts. hydriodic acid are almost wholly resolved into ammonia and 
heptane (Berthelot, Ixviii. 606) : OWN + lOHI = NH* -4- C’H‘* + 61*. 

Heptane boiling at 97 8° is found, together with heptylene, amongst the 

hydrocarbons prixluced by the dry distillation of the lime-soap of Menhaden oil 
(Warren a. Storer, Zeitsekr. / Ck^. [2] iv. 231). 

BBPTZITIS or Septmey C'H**, also, but inappropriately, called (Enanthylid^. 

A. hydrocarbon homologous with othine or acetylene, first obtained by Limpricht 

(jahresb. 1857, p. 466) ; more completely examined by Rubion (Ann. Ch. Phar^. cxlii. 
224). It is obtained by boiling Vptylene chloride, C^H’^Cl* (iii. 148), with 2 vol. 
concentrated alcoholic potash for twelve hours in a retort with upright condense, 
treating the product with water, rectifying, collecting the chloroheptylene, C*H**C1, 
which distils above 120°, and repeatedlyheating.it to 150° in sealed tubes, with 
alcoholic potash. On subjecting the portion of the oily product which boils below 
120° to repeated fractional distillation, heptine is ultimately obtained as a transparent, 
colourless; mobile liquid, boiling at 106°-108°. It has an intensely alliaceous odour, 
is lighter than water, burns with a smoky flame, and dissolves easily in alcohol, ether, 
and benzol. Bromine acts violently on it in diffused daylight, forming the dibron^e 
C*H‘*Br* ; with excess of bromine in sunshine the totrabromide C^H**Br* is produoea, 
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which whon ptirified, is a yellowish oil, smelling like fennel, not volatile without 
decomposition, easily soluble in ether and benzol, sparingly in alcohol. Heated with 
sodium it decomposes and takes fire. On boiling it with alcoholic poUwh, potassium 
bromide is slowly deposited, and an oil is formed having a faint alliiwjooua otlour. 

gfiwnswiwiliaafli. C’1I‘\ — A diatomic radicle relateil to hoptylene in the same 
manner as ethylidene to ethylene. Several diamines conbiining it have been obbiinctl 
by Schiflf (Ann. Ch. Phartn. Suppl. iii, 343). 'Vriheptylident-diamine ^ «» 

is formed, with sepanvtion of water, &c,, on passing dry ammonia gas 
into anhydrous mnanthol : 3C’H»^0 + 2NU» - 311’0 + (0’11‘*)»N^ It is a yellow 
aromatic oil, -which distils undecomposod above 400^, and does not unite either with 
acids or with chlorides. It is also formed on agitating cenanlhol with aqueous 
anitnonia, or heating it with ammonium CArbonato and acetate. Diapnantkyli<i4ne~ 
diafjiyl-diainine, — (CUi'*)*(C*H'‘)»N^, producwi by mixing mnaiuhol with 

amylamino, is an oily liquid which distils with partial decomposithm. Several 
phenyl-diamines containing heptylidene are described under Piiknyi.aminks (iv. 468). 

BS]tA.C3«Sir2IC. The volatile oil obtained from the fruits of the cow-jwrsricp 
(Heracletim sphondylium ^1 j.) by distillation with water (80 lb. of the fresh ripe fniiU 
yielding about 120 grms. of the oil) is light green, niobile, has a sp. gr. of t> 864 at 
20*=^, a faint, not unpleasant odour, and a sharp burning bieto. It consists mainly of 
octyl acetate, C«II'b which may be obtained pure by continued fraction- 

ation of the portion of the oil passing over between 200"^ and 212'^. This ether 
yields by saponification a primary octyl alcohol, boiling at 1 90'^-l 02^’, 

ami yielding, by oxidation with chromic acid, an iicid, idenLu*.itL or isomeric 

with the capric acid of natural fats. (See Octyl Alcohols.1 

The portion of the crude oil distilling between 190° and 106° consists mamly of 
the same octyl alcohol. The higher fractions yield by contimied fractional dislillation 
an ethereal liquid boiling between 268° and 271^, and <ymsisting mainly of octyl 
caproate, CTP'O^.CH*'. The acid obtained from this other by sapom- 

ticution is identical with the ctiproic acid obtained! troin natural fats. 'I bo acid water 
obtained in the distillation of the fruits contains acetic and caproic acids (/lucke, 
Ann. Ch. Pkarm. clii. 1). 

BXRSCBCaXiXTlI. According to V. von Lang (VhU. [I] x^viit. 606), the 

crystals of this mineral, hitherto rcgardo<l as hoxiigonal (iii. 160), are fKilysynthotic, 
being composed of six individuals belonging to the rhombic system and united by the 
faces 00 P, 

HSSSSSrSBBCIZm* A silicato of unknown composition, occurring in very 
small tabular crystal 8 on the so-called ‘ Eisenroson’ from the Fibia on the St. Gothard. 
Accor<iing to Kenngott (Jahn&b. 1863, p. 802), they belong t/> the rhombic system; 
according to Hessenberg (ibid. 1866, p. 921), they are monoclinic. 

BaoXABBCrXi. Syn. with Cktyl. 

HBJLAJBBXTB. C®H^. — A hydrocarbon obtainc-d, together with others, by boating 
naphthalene with excess of silver oxide (Maumen6, Pull. Soc. Ckim. [2] vii. 72). 

BBJLaJBBTB'YXBBTAJMCXB’B. See MBTHYLEKK-coitPOVMDS. 


BBJLAJXB, SBXTBJTB, or KBBTB BTBBBDB, C«H‘S is pn>duc©d bv the 
action of hydriodic acid at 280° on benzene: C*H* + 8III •=» C*Il‘* + 4P 
Jahresb. 1867, p. 345); also by heating suberic acid with lime or baryta : U 

« + 2CO*. The latter product has the same specific gravity as the p Hexyl 

hydride of Wanklyn a. Erlenmeyer (Dale, Ch^. S^. J. [2] i>- ‘-^58). Hexane * ^ 
found among the hydrocarbons of Menhaden oil (p. 696). He^ne, like al 
paraffins, is but slowly attacked by potassium permanganate, yielding a mix ure o 
fatty acids apparently containing caproic acid (Berthelot). 

HBSBZmu Sextine. Hrxoylmf.—A~ hydroenrbon, homolo^ua with 

tylene, and isomeric with diallyl (p. 92), produced by heating bromherylene. C'H 
U 160'’-160° in sealed tubes with Wholic potash. It is a 

a pungent alliaceous odour, sp. gr. 0-71 at IS”, and telling ""^i.rvUnn (v MIS 
density 2-8372 (obs. 2'7»38). With bromine it teharM like T^erylone (Tv 98^, 
forming a liquid dibtomirte,^ C*H'*Br*, or a ^stollisable ^ 

according to the proportion of bromine used (Caventou, Co pt. 

Reboul a. Truchot, ibid, Ixv. 73). 
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Formula 


Heptybcompoonds from : | 

^ Petroleum 

Azdaic acid 

Etbjl-amyl 

Methyl-heiyl [ 


Boiling pc^nt 
Sp.gr. 

98° (91°) 
0-7149 at 15-5° 

100-5° 

0-6840 at 20-6° 

90-5° 

0-6819 at 18-5° 

90° 

0-6789 at 19° 

C’H'* 

Boiling point 

Sp.gr. 

96° 

07383 at 17*5° 

96° 

0-7026 at 19° 

94° 

0-7060 at 12-6° 


C»H>*C1 

Boiling point 
Sp. gr. 

149° 

0-8965 at 19* 

152° 

0-8737 at 18-6° 

147° 

0-8780 at 18-6° 


C^H'-O 

Boiling point 
Sp. gr. 

164-5° 

0-8749 at 16° 

166-6°? 

0-8286 at 19-5° 

164° 

0-8291 at 13-5° 



Boiling point 
Sp. gr. 

180° 

0-8868 at 19° 

181° 

0-8605 at 16° 

179° 

0 8707 at 16-5° 



The ethyl-amyl was prepared by decomposing a mixture of ethyl and 

amyl iodides with sodium, treating the product with a mixture of nitric and sulphuric 
acids, and rectifying over sodium. The hepiyl chloride, C^Il'^Cl, prepared from it, 
was resolved (like that obtained from petroleum heptane, iii. 146), by heating to 160°- 
180° with potassium acetate and acetic acid, into heptylene and heptyl acetate. The 
heptyl alcohol prepared from this acetate, dissolves in strong sulphuric acid, 

with slight browning, and formation of a sulpho-acid whose barium and calcium salU 
are not crystallisablo. By oxidation with chromic acid mixture, it yields ccnunthylic 
acid, together with a little oenanthol: hence it is a primary alcohol. Heptane prepared 
by heating azelaicaci'd with bai^ta, = C'H'® + 2CO^ (Dale, Chem, 8oc. J. [2] 

ii. 268), yields by a similar series of reactions, a primary alcohol boiling at 94°. The 
portion of American petroleum boiling below 100° yields, together with the heptane 
boiling at 98°, another isomeric hydrocarbon boiling at 90°-92° (see also Warren, 
Jahreifb. 1865, p. 516). The heptanes from azclaic acid and ethyl-amyl are regarded by 
Schorlemmer as distinctly isomeric. The former is probably the normal compound 

OH* (CII^)‘ — Cn* ; the latter, if prepared from ordinary amyl-iodide (p. Ill), must 

be supposed to contain the group CH(CK*)* : hence its constitutional formula is 
probably CH*-(CH*)>-CH(Cn»)*. 

Phthalic and terephthalic acids heated with 80 pts. of saturated hydriodic acid 
yield heptane boiling at 91°-93° : 

cwo' + 14 HI = aw* + CO* -I- 2n*o + 71*. 


Toluene, C*H*, similarly treated, is completely converted into heptane ; benzoic acid 
also yields the same hydrocarbon as normal product, together with hexane, in 

consequence of the previous splitting up of part of the benzoic acid into benzene and 
carbon dioxide (Borthelot, Jahresb. 1867, pp- 346, 350). Toluidine and paratoluidino 
heated with 60 pts. hydriodic acid are almost wholly resolved into ammonia and 
heptane (Berthelot, Co7npt. rend, Ixvm. GOG): C^H*N -t- lOHI = NH* + C’H** + 6l*. 

Heptane boiling at 9 7 8° is found, t^ether with heptylene, amongst the 

hydrocarbons produced by the dry distillation of the lime-soap of Menhaden oil 
(Warren a. Storer, Zeitschr. f, Chim. [2] iv. 231). 

HBPT TT flS or Septine, also, but inappropriately, called (Enanthylid^. 

A. hydrocarbon homologous with othine or acetylene, first obtained by Limpricht 

(Jahresb, 1857, p. 465) ; more completely exammeil by Rubien {Ann. Ch. Phapn. cxlii. 
224). It is obtained by boiling noptylene chloride, C^H’*Cl* (iii. 148), with 2 VOJ. 
concentrated alcoholic potash for twelve hours in a retort with upright condense, 
treating the product with water, rectifying, collecting the chloroheptylene, C*H**C1, 
which distils above 120°, and repeatedlyheating.it to 150° in sealed tubes, with 
alcoholic potash. On subjecting the portion of the oily product which boils below 
120° to repeated fractional distillation, heptine is ultimately obtained as a transparent, 
colourless; mobile liquid, boiling at 106°-108°. It has an intensely alliaceous odour, 
is lighter than water, burns with a smoky flame, and dissolves easily in alcohol, ether, 
and benzol. Bromine acts violently on it in diflused daylight, forming the dibron^e 
C’Ii‘*Br* ; with excess of bromine in sunshine the totrabromide is prodnoea, 
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If the piodpct of the action of ziTic<ethyl on acetyl chloride bo treated with wnter 
immediately, instead of being first left to itself for some days, it yields ‘proftyl^methyl 
kctoMt CO. instead of the tertiai^ alcohol ; and the prodnet obtained with 
butyryl chloride and rinc-melhyl, if immediately treated with water, yields propvf- 
ethyl ket(me, CO . C»JI’ . C*H* (Buttlerow, Bull. Soe. Chim. [2] v. 17; Jakreeb. 1865, 
p. 461). 

anUCTKSXI’B* C*H**. — This hydrocarbon admits of soTcral isomeric modifications, 
accordingly as each atom of carbon is united at most with two others, or with three, 
»>r with four. (See Hydrocabboms.) There are two modifications in which neither of 
the carbon-atoms is associated with more than two others, riz. normal heaylone, 
(CH*)*, bomologons with ethylene; and hexylidene, CH»— CH, homologous with 
cthylidene. Normal hexylene does not appear to hare been obtained. Hexylideyie is 
pri^ucod by heating. dichlorhexane (hexylidene chloride), C*H**C1*, to 90® with sodium, 
adding the metal by small quantities at first, and applying a stronger heal when the 
first riolent action is orer. Hexylidene and unaltered dichlorhexane then pass otot 
together, and may be separated by fractional distillation. Hexylidene iKiils between 
68® and 71°> has a sp. gr. of 0*702 at 0®, unites with bromine with a hissing noise, 
producing a heavy limpid liquid. Heated with excess of fuming hy<lrochloric acid to 
160°, it is almost wholly converted into hexyl chloride, C*H'*Cl, Ixiiiing between 126® 
and 130®, having a sp. gr, of 0*892 at 23®, and identical with that which Pelouze a. 
Cnhours obtained by the action of chlorine on hexane from American petroleum. 
This chloride heated to 160® with lead acetate is converted into hexyl acetate, 
, C*H*0*, without a trace of hexylene; and the acetate treated with potash 
yields normal hexyl alcohol identical with that obtained by Pelouze a. Cahours 
(Geihel a. Buff, Z^itschr.f. Chem. [2] iv. 179 ; Buff, ibid. 730): 

CH» CH» CH* 

(in’)* (liv)* 
hs Inna cwon 

Hexylidene. Hexyl chloride. Hexyl alcohol. 

Hexylenes yielding secondary hexyl alcohols are obtained : a. Together with other 
olefines and several paraffins, by distilling amyl alcohol with zinc chloride : B. P. 
60®-70® (Wurtz). — fi. By decomposing secondary hexyl iodide (fn>m mannito) with 
potash : B. P. 68®-70° (Wanklyn a. Erlenmeyer, iii. 155).- % By distilling phenose, 
((:j*H*)''^OH*), or the corresponding trichlorhydrin, (C*IP)'*Cl*(OH)*, with hydriodic 
acid, whereby hexylene hydnodide or secondary hexyl iodide is obtained; 

C»H»W + 13HI - + 61VO + 6P 

Pbenose 

C«H»C1»0* + 13HI « C«H>MII + 3H*0 -► 3HC1 + 6l*; 

Trioblotliydris 

and heating the hydriodido thus obtained with alcoholic potash : hexylene then pomes 
over, boiling at 68®-70® (Carius, Ch. Fharm. cxxxvi.328). — 8. Diallyl dihydnodide, 
C*H‘*,2HI, boated with sodium, or better with an alloy of tin and sodium containing 
H large proportion of the latter, is partly converted into hexylene boiling at 68®-7<l°» 
ami having a sp. gr, of 0*6937 at 0® (Wurtz, Jahretb. 1864, p. 612) : 

C*H'*.HH» -t Na* = 2NaI + 

Hexylene prepared from mannite, or from the hexvl chloride obtained with American 
petroleum, is converted by careful admixture witn bromine into a red liquid not 
volatile without decomposition, which when heated with silver acetate suspend^ in 
ether, and subsequently distilled, yields hexylene diacotate, together with a liquid 
boiling between 300® and 320®. Hexylene diaceUte, C*H‘*.(C*H*0*)*, is a colourless 
oily liquid, insoluble in water, having a sp. gr. of 1014 at 0®, and boiling between 
216® and 220®. By carefully treating it with recently ignited and pulverised potassium 
hydrate, and distilling the resulting alkaline mass, hexylene alcohol or hexylene 

glycol, C*H>*0* =s C«H**(OH)* -• |o», is obtained as a thick, colourless 

liquid, miscible in all proportions with water, alcohol, and ether, having a sp. of 
0-9669 at 0®, and boiling at about 207®; that is to say, a few degrms lower t^n 
the isomeric compound diallyl dibydrate, C*H**.2H*0 (p. 94), and 20® to 26 higher 
than amylene ^ycol. , . . i j • 

Hexylene glycol dissolves completely in very strong hyd^hlonc acw, * 

liquid which gradually turns brown, and from which, especially whan heat^ tbsrs 
separates a black liquid bdlihg ^Iween 100® and 260®, but not eotttatniflg beiylMM 
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dichloride. The hydrochloric ^oid solution distilled with potash yields hexylene 
oxide, boiling at 11 Hexylene glycol heated to 100° with concentrated 

hydriodic acid yields a brown solution, from which, after neutralisation with potash 
hexylene monohyd^iodide or secondary hexyl iodide, or 

(boiling between 166° and 170°), is obtained by distillation : 

+ SHI = C«H'»I + 2mO + I*. 

( II* 

Diallyl dihydrate, (P* ^4), isomeric with hexylene glycol, is con- 

verted by similar treatment with hydriodic acid into diallyl dibydriodidej-C^H'®!^*' 

Hexylene monohydriodide treated with dry silver benzoate immediately yields a certain 
quantity of hexylene (Wurtz, Ann. Ch. Pkys. [4] iii. 129 ; Bull. Soc. Chim. [21 ii. 161 • 
Jahreab. 1864, p. 516). ' 

RZPFUltXC RCZB, C^IPNO*, has the composition of benzamidoglycolHc acid, 
C*H^(C’H*0)NO*, and is isomeric with acotamidobenzoic or acetoxybenzamic acid' 
C^H*(C*H*0)NO* (ii. 699 ; iv. 291). It is formed in small quantity by the action of 
benzaraide on chloracetic acid at 150°-160° (Jazukf)witsch, Bull. Soc. Chim. 121 viii 
361): 

C^H'CIO* + (C’H®0)H2N = HCl + C2HXC^H^O)NO*. 

According to Schulzen a. Naunyn {Zdtschr.f Chon. [2] iv. 29), hippuric acid is found 
in the urine in considerable quantity after 2 or 3 grms. of toluene have been swallowed. 

• According to Grraebe a. Schultzen {ibid. iii. 417), cinnamic and mandelic acids, after 
passing through the organism, appear in the urine as hippuric acid ; chlorobenzoic acid 
as chlorohippuric acid. 

A dilute solution of sodium hippurate mixed with a nearly neutral solution of ferric 
chloride yields a cream-coloured precipitate of ferric hippurate containing ’ 
Fe’‘*0*.2C*"H'®N^O^ the acid liquid filtered therefrom containing free hippuric acid! . 
The precipitate is not quite insoluble in water, especially in presence of free hippuric 
acid, and moderately soluble in excess of ferric chloride. On heating the recenUy, 
precipitated and still moist salt just mentioned, hippuric acid separates, and a 
basic salt is formed containing 2F20*. 3C‘'♦H‘"N*0^ This latter is also sometin^ 
produced, together vrith the former, on mixing very concentrated solutions of sogi^m 
hippurate and ferric chloride (Salkowski, Zeitschr.f. Chem. [2] iv. 313). 

When sodium-amalffam is gradually added to a boiling aqueous solution of hip];^C 
acid acidulated with hydrochloric acid, glycocine is formed, together with benm 
alcohol, a white crystalline compound, C‘^H'^0* (identical with that which is obtainwS ' * 
in like manner from benzoic acid, p. 307), and a gummy nitrogenous acid apparently 
related to hippuric acid in the same manner as hydrobenzoic to benzoic acid (M. ' 

Herrmann, Ch. Pharm. cxxxiii. 335). In alkaline solution, on the other hand, > 
hippuric acid is converted by sodium-amalgam, first into hydrobenzuric acid, and by 
further action into hydrobenzyluric acid and glycocine (Otto, p, 703) : 

2C*n®NO* + 3H* = 

Hippuric Hydrobenzuric 

acid. acid. 

and 

C*«H**N20* + H* = C'«lI«NO« + C*H»NO» 

Hydrobenzuric HyAoxybenzurilic Glycocine. 

acid. acid. 

Bromhip^uric acid, C»H»BrNO*, is obtained, by treating a boiling alcoholic 
solution of hipptiric acid with bromine, adding water, and evaporating to one half, 
as a crystalline deposit m^e up of small needles. Ik dissolves in hot water, alcohol, 
and ether, much inore easily than in the same liquids when cold ; gives oflT bromine 
on exposure to moist air ; and when heated with lime, ^ves o£F first benzoic acid and 
then a violet oil. The strongly acid solution is not precipitated by calcium, barium, or 
copper salts. The potassium and sodium salts are not crystallisable. The calpimn 
salt, (C*H*BrNO*)*Ca, forms slender needles easily soluble in hot water (J, Maier, 
Sill, Am. J. [2] xxxix. 208). 

Diasohippuric acid, OH’^N'O*, is obtained as a nitrate by the prolonged, 
action of nitrous acid on amidohippuric acid (iii. 160) : 

C»H»®N*0» + NHO» = C*H'N»0» + 2H*0. 

The nitrate C*H’N*0*.NHO*, which is explosive, crystallises in white pfisms, aiwt 
dissolves easily in water. The aurochloride C»H'N*0* . Hd . AuCF and the 
chloride are crystaltisable (Griess, Jahresb. 1862, p. 260). 
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lodhipputic aeid, C*H*INO*, is produced by'the action of aqtieous hydriodic 
acid on sulphate of diazohippuric acid, and separates in coloured crystalline massos, 
which may be purified by solution in ammonia, decolorisation with animal charcoal, 
and precipitation with hydrochloric acid. It forms laminse resembling naphthalene, 
easily soluble in cold alcohol and ether, moderately soluble in hot water, nearly 
insoluble in cold water. Its ammonium salt forms a white precipitate with silver 
nitrate (Griess, ZrtYscAr. f. Chem. [2] iv. 725). Another moilitication of this acid is 
obtained, like the brominated acid, by treating a boiling alcoholic solution of hippuric 
acid with iodine. It forms white needles which react like the l)n)minated acid. All 
its salts are soluble in water excepting the silver salt (Maior), Griess regards the 
iotlated acid obtained from diazohippuric acid as C’H<(C’ll*IO)NO’, ana Maier’s 
acid as C^H®I(C^II*0)N0‘^. The iodine of the former is as difficult to replace as Unit 
of iodobenzoic acid. 

Oxy hippuric acid^ C®II*NOS is producetl by heating the aqueous solution of 
diazohippuric sulphate to the boiling point, noutmlising with ammonia as soon as 
the evolution of nitrogen ceases, evaporating at 100°, and preci pi biting with hydro- 
chloric acid. It crystallises in colourless uecslios, easily soluble in hot water, alcohol, 
and ether, sparingly soluble in cold water. The aqnw>U8 solution is decomposed by 
nitric acid (Griess, loc, cit.), 

BOPS* The bitter principle of hops (Inpulite) may be obtained in the crystalline 
state as follows; Fresh hops are exhausted witli four times their weight of ether; 
the blackish residue loft on evaporating the ethereal solution is treatinl with cold 
alcohol of 90 p. c. ; the liquid filtered from the nndissoh ed myricin is freed frijiii 
alcohol by distillation ; and the resiiiuo is redisaolviHl in ether. The ethereal solution 
is agitat^, first with strong potash-ley (till the latter is no longer coloured yellow), 

S en with pure water, which dissolves out the bitter principle in combination w'ith 
itash ; the aqueous solution is ]>recipitated with cupric sulphate j and the blue 
jftwipitate is washed with u little ether, then dissedved in more ether, and decomposed 
by hydrogen sulphide. The solution, filtered from the copper sulphide and evaporated 
to a syrup in a stream of carbon dioxide, gmdually yields the hop-bitter ns a 
s#vitalline mass, which may bo freed from the brown mother-liquor by repeatedly 
^miatening it with nitrobenzol on a plate of gypsum. The pure wliite eiy^stals thus 
Btained become soft and yellow on ex^xisure to the air ; ana on rt^crystnl Using them 
■tm^ether, largo very brittle rhombic prisms are obtained, covered with a layer of 
mha pffilme substance in the amorphous state. The bitter principle is insoluble in 
prater, but very soluble in Hlcolnd, ether, chlorf>fonn, c^irbon bisulphide, benzol, and 
oil of turpentine ; the alcoholic solution diluted with water has a pure and pleasant 
bitter taste and a distinct acid reaction. The potiish-ley which has been shaken up 
with the ethereal solutiofi in the process above described contains, besides resin, a 
second body, which crystallises in white noo<llei molting above 110°, and likewise 
unites with cupric oxide (Lerraer, Dingl. pol. J. clxxix. 64). 

According to Leuclis (j. vr. Chem. ci. 137), the a^juoous infusion of hops loses ite 
bitter taste by the action of reducing agents, such as sulphurous acid, aldehyde, and 
formic acid. 

For analyses of the ash of hops, see I^rmcr {Jahresh. 1864, p, 609), Wheeler 
[J. pr. Chem. xciv. 386; Jakresb. 1866, p. 636). 

BOBirB3bBXrDB. For analyses of this mineral, see Jakresb. 1862, p. 726 ; 1864, 
pp. 836, 837 ; 1866, 926 of hornblende rock: ibid. 1867, pp. 1014, 1017, 1026. 

HCTJBVXO JLCZB. C**H®*0* (Carius, Ann. CK Tharm. cxxxix. 168). — The anal 
glandular pouches of the striped hyaena contain a pale yellow buttery mass smelling 
slightly like musk, and consisting of tlie glyceride of this acid, together with palmitic 
and oleic acids. The separation and purification of the acid, which is present in 
small quantity only, depend upon its comparatively slight solubility in alcohol, and 
on the fact that it is precipitated by lead acetate from a hot alcoholic solution slightly 
acidulated with acetic aerd, sooner than palmitic acid, while the oleic acid remains 
entirely in solution. 

^ Hymnic acid resembles cerotic acid more than anv other acid of the series OH**»0*; 
It is but slightly soluble in cold absolute alcohol, and separates solution in 

DoiUug alcohol in granules appearing under the microscope to consist of grot^ of 
slender mostly curved needles ; in ether it is very^ slightly soluble. When 
•Miirted it assumes a soft waxy consistence I6ng before fusion, which takes place at 
TYMSO ; at 76 ® it again becomes waxy, and when cooled to the ordinary temi^rature, 
hatd and friable. The acid thus solidified exhibits under the microserme the same 
forms as the acid crystallised from alcohol. The alcoholic solution has an add 
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Traction. The salte, which are insoluble in water, are not decomposed by acetio add; 
the potassium and sodium sdtlts form clear solutions only with a very small. quantity 
of warm water, an acid salt being precipitated even on slight dilution. The insoluble 
hymnates are also converted into acid salts by treatment with a laige quantity of 
water. The calcium, salt (C**H**0*yCa is a white crystalline powder, melting at 90® 
slightly soluble in hot alcohol. The lead salt (C“H‘*0*)^Pb is a white very bulky 
precipitate, likewise very sparingly soluble in hot alcohol. Whether the hysenic acid 
in a constituent of the fat of the hyaena in general, or peculiar to the secretion above 
mentioned, is a question not yet decided. 

HYJI&OFSJLWX. For analyses of this mineral, see JaAresb, 1866, p. 928; 
1867, p. 982. 

BYBAWToic ACZB, OX.YCOZ.tmzC ACZB, or OBACSTYX-tmSA. 

C*H*N’*0* ■« C0H*(C*H*0^)N* — An acid containing the elements of hydantoin 
plus H*0; produced: 1. By the action of potash or baryta- water on hydantoin 
(Baeyer, iii. 177). — 2. Together with urea, by boiling glycoluril with baryta-water 
(Rheineck, v. 960) : ^ 

+ 2H*0 = + COH^N*. 

3. By heating bromacotyl-urea with aqueous ammonia (Baeyer, Jdhresb, 1864, p. 636): 

COH»(C*H»BrO)N2 + NH* + n*0 = NH^Br + C0H*[C*H*(0H)0]N*. 

4. By heating glycocine with a slight excess of urea (Heintz, ibid. 1865, p. 360) : 

+ COH^N* = NK» + C0H>(C*H»02)N*. 

HydantoTc acid obtained by decomposing its barium salt with sulphuric acid 
crystallises in largo, transparent, colourless, mostly unsymmetrically develope<l 
monoclinic prisma exhibiting the combination ooP . ± P . (2Poo ) . oP. Ratio of 
clinod. to orthod. to principal axis = 0*662 : 1 : 1*635. Acute angle of axes 
« 81® O'. Cleavage perfect parallel to oP. All the hydantoates, even the silver 
salt, are easily soluble in water, and only some of them crystallise, the rest drying up 
to amorphous masses. The potassium salt C^H^N'-'O^K, evaporated over sulphuric 
acid, 'forms microscopic six-sided tables and rhombohedrons ; the sodium salt 
C*H*N*0*Na -h H*0, extremely soluble silky needles, which do not give off water at 
133®; the ammonium salt C*H*N*0*(NH^) + 11*0, large ciysbils, developed like 
augite at one end only, and becoming opaque from loss of ammonia. The silver salt 
crystallises in small indistinct laminae, which blacken on exposure to light. The lead 
salt (C*H*N*0*)*Pb •+• 3H’‘'0 crystallises in nodular groups of needles very aolublo 
in water, insoluble in alcohol of 90 p. c., becoming anhydrous at 120® (Herzog, 
Ann. Ch. Pharm. cxxxvi. 276). 

BYBAJTTQZir, or Glycol yl-ured, CH*(C*H*0)"N*0.— Produced : 

1. Together with urea, by the action of hydriodic acid on allantom. — 2. Together 
with a small quantity of allanturic acid, by the action of hydri<xlic acid upon 
alloxanic acid (iii. 177). — 3. By heating bromacetyl-urea for several hours to 100° 
with alcoholic ammOnia : 

CH*(C*H*BrO)N'0 + NH* - NH*Br + CH*(C*H*0)''N*0. 

On evaporating the liquor to <lryness, washing the residue with a little cold water, 
Iwiling it with water and lead hydrate, and removing the lead from the filtrate, the 
hydantoin separated in colourless spicular crystals. It is neutral, has a sw^t taste, 
dissolves easily in hot water, melts at 206® to a colourless liquid, which solidifies to a 
crystalline mass at 157° (Baeyer, Jahresb. 1864, p. 637). 

Ethyl^hydanto'in. C*H*(C*H*)N*0* — Produced, ^ether with another body 

sparingly soluble in alcohol, by melting ethyl-glycocino with urea : 

C«H^(C*H*)NO* + COH^N* « C*H*(C*H*)N»0* + NH* -h H*0. 

It crystallises from water, or from ether-alcohol, in large well-defined rhombic prisms of 
76® 60', which appear tabular from truncation of the acute prismatic edges (at an 
angle of 128® 26') ; dissolves very easily in water and in alcohol, somewhat 1^ 
easily in ether ; reacts neutral, and does not unite either with bases or with 
It melts at the heat of the water-bath, and solidifies again but slowly ; by con^mj* 
heating it sublimes as a ciystalline deposit (Heints, Ch, Pftorm. cxxxiii* ^ r 

Jahnsb, 1866, p. 359). 
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C*H*N«0* » C*H*(CH»)N«0», ia formed by heating creoU- 
nine to 100® with baiyta^water : 

C<H’N*0 + H*0 « NH* + C*H»N*0*. 

On warming the filtered solution to expel ammonia, carefully adding sulphuric acid, 
again filtering, and evaporating, the methyl-hydantom separates in limpid crystals 
easily soluble in water and alcohol. The concentrated aqueous solution has a strong 
acid reaction ; the alcoholic solution is not precipitated by ether. Methyl'hydantoin 
molts at 146°, and sublimes in oily crystallising drops or in shining spangles. It 
does not unite with baryta, but its heated solution takes up considerable quantities of 
silver oxide, and the alkaline filtrate deposits the siltur oomj>ound C*H*AgN*0*, in 
groups of thin lancet-shaped laminaj. The mercury compound obtained* in like 
manner forms nodular ^upa of microscopic crysUils which dissolve very easily in 
water, the solution depositing metallic mercury when cvaporjitod by heat (Neubauor, 
Ann. Ch. Pharm. cxxxviii. 288; Jahresh. 1866, p. 381). 

smKASO-A^XlUnrB. — a base produced by the action of sodium- 

amalgam on nitranilino (prepared by reduction of dinilrobcnxono). It is precipitateil 
from the filtered liquid by water, and after rocrystiillisation from alcohol, forms long 
goldeu-yel low needles, which melt a little above 140®, sublime for the most part 
uixlecomposed at a lower tomporaturo, and dissolve sparingly in water, easily in 
alcohol and ether. The sulphate, .11*80^, formal by'diroct combination, is 

yellow, nearly insoluble in water, slightly s<dublo in alcohol and ether. The hydros 
chloride, C**H*^N*. 2KC31, obtained in like manner, forms thin laminse resembling 
mosaic gold, easily soluble in water, slightly in alcohol, almost insoluble in otlier. 
The nitrate forms yellow needles easily soluble in water. The pfatinochloride, 
C**H**N*.‘2HCl.PtCl\ is a flesh-coloured precipitate. Nitmniline prejwiroil from ni- 
tranilides (iv, 446) is converted by sodium-amalgam into a black-brown resinous mass. 

arromAxoBBMTxmra. Soo AzonuNZKKKs (p. 271). 

BTBBAXOBBWZOZC ACZB and BYBBAXOBmACTUO AOZB. Soo 

Azobbnzoic Acins (p. 321), 

anriyXAXOBAXiZCnoXi. See SALICTI.OL. 

KYBBAXOTOZiirBSfB* Soo Azotolukhbs, under Bknzrmb, Homo- 

IXKJURS OF (p. 285). 

BTBBZBTBSC ACZB. Syn. with Dioxindol. See Indol. 

BYpmOBBJrXiklkKXBB, C^'U^”N^ heated with hydrocyanic and hydrochloric 
acids, is for the most part decomposed, with separation of benzoic aldehyde ; but if 
the hydrobenzamide be first covered with a large quantity of alcohol, then treate<l 
with hydrocyanic and hydrochloric acids, or only with the former, and warmed, the 
liquid on cooling yields white granular crystals of hydrocyanobenzido, formed 
according to the equation ; 

-f 2CNH + HCl « NH*C1 + C*»H>»N». 

Hydrocyanobenzido is isomeric or identical with Laurent’s benzoyl azotide, produced 
by the action of ammonia on bitter almond oil (i. 672). It molts when heated, solidi- 
fies in the amorphous state, dissolves sparingly in boiling alcohol, and is decomposed 
by hydrochloric acid, only in alcoholic ..olution, wdth separation of hydrocyanic acid. 
Heated to 100° in a seal^ tube with carbon bisulphide, it dissolves, and afterwards 
separates in small shining crystals. 

VrX»BOBBn.OXC ACZB. See Benzoic Acid, 

VrBBOBBnvmzc AOZB. C*«IP«N*0* (Otto, Ann. Ch. Pharm. cxMiv.'SOa). 
— An acid produced by the incomplete action of s^ium-arnalgam on hipjiuric acid in 
alkaline solution (p. 700). It may be separated from hydpol»n;^luric acid formal at 
the same time, by its insolubility in other (free from alcohol), and when purified ’.ly 
treatment with warm water and animal charcoal, forma a yellowish inodorous mass of 
the consistence of turpentine, which solidifies in the crystalline form after stonding 
for several months. It is insoluble in water, but dissolves in all proportions of 
alcohol, and is dissolved without decomposition b^ caustic and carbonat^ alkalis, 
^e solution in ammonia forms with vanmis metallic salts precipitate which decom- 
pose at the boiling heat, with partial separation of the acid. 

VnBOBBWXTXiimzO ACZB. (Otto, loo» ct/.).— Fewmod by the 

oompleto action of ■odium-amalgam on hippurie or hydroheoxonc acid (p. 700). 



'^04 HWBOCAEBOM^ 

When recently prepared. It js an inodorous yellowieh oH, soluble in ether, alcolio] 
and alkalis, but insoluble in water ; but when exposed to the air, efthor in the fr^ 
state or in alfoiline solution, it takes up oxygon and is gradually converted into 
hydroxybenzyluric acid Boiled with alkalis out of ^ntact with the air, it jg 

resolved into glycoci no, benzyl alcohol, and hydrobenzoic acid ; 

+ H^O = Cm^NO* + C'EH) + 


amUGCsArTSIC Aczn. (yw^o* (Hlasiwetz, Ann. Ch, Pkarm. cxlii. 353).-_ 
Produced by heating caffeic acid with water and sodium-amalgam in a flask provided 
with a condenser, acidulating the liquid with dilute sulphuric acid without opening the 
flask more than necessary, and agitating with ether. The aqueous solution of thu 
syrupy residue left on evaporating tlie ethereal extract, gradually yields colourless 
rhombohedral crystals of hydrocalFoic acid. It has a slightly acid histe; easily 
reduces cupric oxide in alkaline solution, also silver nitrate ; forms with lead acetate 
a white precipitate, and with ferric chloride a deep green solution, changing to dark 
cherry-red on addition of sodium carbonate. The metallic hydrocaffeates are gummy, 
or when thrown down by alcohol, white precipitates, whose solutions are coloured 
dark blue by ferric chloride, green by an excess of the latter. The calcium salt 
contains (C®H‘*0^)*Ca, the barium salt (C‘'H®0‘)*Ba ; the lead salt (C®H’0^)^Pb*. The 
acid is therefore tribasic. 

In the action of sddium-amalgam on cafibic acid there is also formed a small 
quantity of a body which is coloured grass-green by a trace of alkali, 

S'TOROCiL&BOlVS. Classification and Nomenclature . — The simplest of all 
hydrocarbons is methane or marsh gas, CH*, in which the tetrad atom of carbon is 
united with 4 atoms of hydrogen. The compound thus formed is a saturated mole- 
cule, not capable of uniting directly with chlorine, bromine, or other monad element, 
but only of exchanging a part or the whole of its hydrogen for an equivalent quantity 
of another monad element. But it may take up any number of dyad elements or 
radicles, because such a radicle introduced into any group of atoms neutralises one 
unit of equivalence and introduces another, thereby leaving the comjnning power or 
equivalence of the group the same as before. Accordingly the hydrocarbon CH* can 
take up any number of molecules of the bivalent group or radicle CH®, giving rise to 
the homologous series of saturated hydrocarbons : 

CH*, cm*, cm*, c*n‘® .... c»h-«**“*. 


These saturated hydrowirbons may, under various circumstances, be deprived of two 
atoms or one molecule of hydrogen, producing a new homologous series ; 

CH®, C»H*. cm*, C*H« .... C-H®". 

These are unsaturated molecules, having two units of equivalency uncombined, and 
therefore acting as bivalent radicles. 

The first term of this last series cannot give up 2 atoms of hydrogen without being 
reduced to the atom of carbon ; but the remaining terms may give up 2 atoms of 
hydrogen and thus give rise to the series 

C®H®, C*H*, C*H« .... C-H®**-®, 


each term of which is a quadrivalent radicle. 

And in like manner, by successive abstraction of H®, a number of homologous 
series may be formed, whose general terras are 

C"H®»+®, C"H®‘‘, C"H®»“*, C“H®«— *, &c. 


The individual series, as far ns C®, are given in the following table, together with 
the names proposed for them by Hofmann {Proc. Boy. Soc. xv. 67): 


CH* 

C®H* 




Methane. 

Hethcne. 




C*H® 

C®H* 

C®H* 



Ethane. 

Ethene. 

Ethine. 



C»H* 

C»H® 

C»H* 

C»H» 


Propane. 

Propene. 

Propine. 

Propone, 


C*H'® 

C*H« 

C*H® 

C*H* 

C*H* 

Quartane. 

Quartenc. 

Quartine. 

Quartone. 

Quartone. 

C*H** 

C*H'® 

C^H* 

cm* 

C»H* 

Quintane. 

Qointene. 

Quintine. 

Quin tone. 

Quintane. 

C®H** 

C®H'» 

C®H'* 

C®H® 

C®H® 

Seztane. 

Sextene. 

Sextlne. 

Sextone. 

Bextune. 


C*H*. 

C*H* 
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Moposed by Hofmann in 1863, have not been genertvUy adopted ; but a 
nomenclature for the hydrocarbons, which are the fundamental compoun^ 
chemistry, is a great desideratuni, and it would not perhaps bo easy to 
better system than that above given. It is true that those names do not 
us beyond the fifth term of each isologous series ; but they siiftico fw most of tlie 
hyd^^>^»® present known, and it would be easy to extend thorn by the use ot 

"^""Tho hyd^rbons of the second homologous scries, the olefines are 

bynames ending in ^lene, ami these names are ix^rhaps Uk> well ostabbshtxl 
to WltSXbut the shorter names without the f/l are more systematic, and their 
adoption would be an improvement in our iiomenelature. 

formulae in the preceding table represent hytlrocarbons, all of which are capable 
of eiisSn the separate state, and many of which have boon actually obtom^ 
Thera^^^ saturated molecules, by abstraction ofouo or more 

Wtil^ted^M^^arbon, CH* for example, may give up 1. 2, 3 or any mimber 
tivdroffen-atoms in exchange for other elements : thus, marsh gas, CH , subj . 
the LS of chlorine under various eircumslancos, yioUls tho substitution -products 


CH"C1, 


CU^Cl*, 


CIICI*, 


CCl*, 


which may be regarded as compounds of chlorii 




{civy\ 


) with tUo mdiclca 

(Cll’y. O'; 


and in like manner each hydrocarbon of the aoriea C*U-'‘ may yield a seriea of 
radicloa of the forms 




(C'lC")" (C«a^" (C"IC"-’)'', 


-■& j- .x-arsr. z ;;ir :‘=r r:‘g 


CH* 

Methane. 

C*H» 

Ethane. 

cm* 

Propane. 


(CH>y 

Methyl. 

(C*H‘y 

Ethyl. 

(cm^y 

Propyl. 


(CU^)" 

Methenc, 

(cm*)" 

Ethcnc. 

Propene. 


(GH)'' 

Methenyl. 

{mvr 

Ethciiyl. 

(c»ipr 

Pr<iiH?uyl. 


(Gni^)*’ 

Kthino. 

(C»H«V' 

Propino. 


(c^iiy 

lilhinyl. 

proplnyb 


ProiJono. 


(c*Hy“ 

Proponyl. 


General Propertke of the Ilydrocarhont. 

««. .art... ni^uileTi^^’Slfn" 

indifference (parum affinis), has long been pp bituminous strata, and sopar- 

substance found native in the ,• petroleum, tar, &c. This substance is a 

able from the least voUtile portions of (iv- 344, and and 

hydrocarbon or a mixture of hydrocarbons o commercially as paraffin oils : 

the liquid members of the same senes ^rm for the 

the name paraffin may therefore be L Hofmann, are con- 

whole seri^ The names of Uxe first six hffXwfng terms are named 

tained in the first column of the toble loiiowmg 

•eptane, octane, nonane, deeane, nh* may be regarded as derived flfOtt 

All the members of the senes ab^^vc the fiwt, CH , may oe rrjs 
Sup. ^ 2i 
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that compound by replacement of one of the hydrogen-atoms by a univalent hydro- 
carbon radicle of the series ; thus : 


Methane C 


H 

H 

H 

H 


Ethane C^IP = 

Propane C^H" = C | ^ => 

Quartiine == 


H* 

&c. &c. 


p(CH^CH«CH* 


The paraffins are formed: 1. By the simultaneous action of zinc and water on the 
alcoholic iodides, compounds derived from these same hydrocarbons by the substitution 
of one atom of iodine for liydrogcm. 

This reaction, which appears to be applicable to the formation of the whole series 
of paraffins, is represented by the general equation : 

2C"H^"+*I + Zn* + 2H*0 * ZnH^O^ + Znl* + 2C“H2“+*. 

2. By heating the alcoholic iodides with zinc alone. Generally speaking, however, 
two of these liydrocarbons are obtained . together, the first product of the reaction 
being a paraffin containing twice as many carbon-jitoms as the alcoholic iodide 
employed; and this compound being then partly resolved into the paraffin conbiining 
half this number of carbon-atoms and the corresponding olefine, (C“H*®); thus : 

2021IT + Zip = ZnP + C'H’® 

Ethyl Quartane, 

io<iitle 

and C‘H‘« == C^H* + CPH* 

Quartane. Ethenc. Ethane. 

Generally: + Zn = ZnP -t 

and = C“H2“ -H 

3. By the electrolysis of the fatty acids C“H2"0®. For example, a solution of 
potassium acetate divided into two parts by a porous diaphragm, yields pure hydrogen, 
together with pobvsh, at the negiitivo electrode, and at the positive electrode (if of 
platinum) a mixture of carbon dioxide and ethane gases : 

2C'-‘n^02 = 2CO* + C*H« + H» 

The general reaction is 

2C"H2"0* = 200* + C*® «H<®-* + 

4. S(^me of the paraffins are obbiined from acids of the series OH^®0* and 
C"H"®“'^OS by the action of alkalis, which abstract carbon dioxide from those acids, 
the hydrocarbon thus eliminated containing one atom of carbon less than the acid from 
which it is piDduced : 

Cn+iH2«+202 » CO* + C"H*®+* 

Acid. Paraffin. 

C®^*H*"+*0* = 2C0* + C®II*®+* 

Acid. Paraffin. 

In this manner methane (marsh gas) is obtained by heating potassium acetate with 
excess of potassium hydrate (p. 17S) : 

C*H»0*K + KOH « CO*K* + CH^ 

Also, sextane and octane, by similar treatment of the potassium salts of suberic acid, 
C*H*‘0^, and sebacic acid, : 


C®H»0<K* h 
Potassium 
suberate. 

2HKO 

« 2C0^K* 

+ C*H'* 

Sextane. 

C’W'OTP -1- 

Fotossinm 

aebatc. 

2HK0 

= 2C0’K* 

+ 

Octane. 


Generally speaking, however, a further decomposition takes place, resulting ip t|i« 
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ro^oii. 

assin^ i\ mixturo of hytlrofion 


formation of hydrocarbons containing a smaller proportion of hydrogen than the 

^^^ho paraffins may also bo produced from the oKfinos. Oil*'", by combining Ui« 
l.ittor withbromino, and heating the resulting compound, wUh a mixture ot 

r^\ta8sium iodide, water, and metallic copper. The hvommc-comyimud m then docom- 
^Ld ami tho hydiMcarhon, is partly rej>n»ducnil in the free state, partly 

^uvertod, hy tho addition of hydrogen, into a partirtiu + ^ 

6 LvenU of tho paraffins are prodiieod by tho dry or dostructive distillation of 

amongst tho products of tho dry dislillntiim of coal, espe- 
rialiv Boghead and Canncl coal, and they constitute tho princi pul portion ot inanv 
mineral oils, formed hy tho gmrdual decay ordecompisition ol vegetable matter benoa Lb 

‘'’VQSn“-yrtkohol!'Qr*^^ e'n'’e. di»tillo.l %vith .-hlnri.lo yiol^. 

nuiiitono and scvornl of its, !ioi»o1..k.i«. top-lluT witli olol.ncs and other 

hvdrwarbons containing still smaller prop. >rt ions ol Ivydr 
"O Methane, C1I\ is prewhiced synlli.'lically by pass 
sulphide and vapour of carbon hisnlplndo ovea- red-hot eopper 

CS* + 2llXS + Cu* = 4CuS + Cll‘. 

ProvertifS and Eencthns.—mWv.uw, cH.ano, vropano, and ciuartano aro 
f >1^ t'.'Tnnoratiiros • most of tlio others are Isinids, reftidarly iiu reiiMiii; in H|>t> illc 

t 7 viB 0 iSity^)oiiiW P<>i'domd vaismrHhtiisity, ns their niohssdar woipht heeonios 

Sr Ii r’- those containiiiK 120 earhon-atoms or more are erystalline solids. ho sjici iKe 
|m;^;LstThSV-.s of the pamffitis obtained from A.iierieaii petroleum aro 

»y t'Kur chemical indilTerenec «hihitinff 

(•r nf’|3 atid CH.T ; similarly with propane, .piarlaiie, &c. 

hydrocarbon Of tho series C-U’"t’ or Cll».. approaches more nearly to that of an 

olefine, C'U^" or CU’. as tho value of « '' 

p. c. carbon and 14-3 hydrogen. I" ‘\h C-»H- 

m-id. showing that a subBtitution-product by Brodio 

reaction of paraffin with chlorine, as ohservci ip hvowhlorous acid, whereas 

(iv. 314). Moreover, paraffin is not at acked hy dilnte those 

ceteno, C‘«H*S combines with that Y'‘ ’ 'the^serics riot to the olefine 

reactions show that solul paraffin , . constant occurrence in minenUoilH 

series a result which is consistent win containing any well- 

consisting mkinly of the liquid homolo^cs of marsh gas, but not containing a y 

chanicterisod member of the olefino senes. of ordinary tempemtures ; 

The paraffins are scarcely attitckod by ^'y'^^tatL and cariioa liioxide, or 
when heated therewith, they are either wliol ^ ^ ^ oxidation-products, 

they yield in addition t.f Clic acid Fuming nitric acid 

acetic acid, for example, when oxidised y _ , put acts very violently 

scarcely attacks them in the cold, ®^4elds tho same* pniducts, but ^ts le^ 

at a gentle heat. Nitnc acid of sp, gr. 1 y decline (diamyl) heated with acid 

stronlly. Sextane and octane (from “";;r<rvcrt«l into crystallin. 

of this strength aa long aa .Iii and small quantities of fatty 

snecinic acid,* together with a "■‘«««?'"ly‘''"VyicW ^ 
acida and nitriles; decane, for acids (Scherlemmer, Proe. 

- ithylic. caproic, found \hat a few dceigHims <rf 


a mixture of cenanthylie, — ; ,««» 

&c.xTi. 873). Berthelot (Jahr^b. 1867^ P- 
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H.C^ir or 
Propyl hydriiie. 


sextane required two months’ treatment with potassium permanganate to oxidise i(. 
completely, yielding a mixture of fatty acids apparently containing caproic acid. 
Solid paraffin, molting at 66®, boiled for three or four days with sulphuric acid and 
IX)bis8iuin dichroniiite, with addition of a little manganese dioxide (which greatly 
facilibites the reaction), is converted mainly into cerotic acid, melting at 

78®. TJio sarrio paraffin heated with 6 or 6 vol. nitric acid diluted with vol. 
water, yieldid a mixture of soli<l fatty acids, melting after purification at about 76®, 
and probably therefore conbiiiiing cerotic acid, also volatile fatty acids, the most 
al)und:nit of wliich was oenantliylic acid, while the nitric acid solution conbiined 
Jiydroeyaiiie acid, succinic acid, and an acid agreeing in composition and melting 
point with anchoic acid (Gill a. Meusel, loc. cit.). 

Isomer mn in the Paraffi7i Series. — These hydrocarbons are sometimes regarded as 
hydrides of the univalent alcohol-radicles — methane, for example, as methyl- 

Jivdrido, H.CH”; etliane as ethyl hydride, II. C*IP. This view of their constitutioa 
is suggested by tlielr formation by the action of water on the zinc-compounds of the 
.same radicles ; e.g., 

Zn(CU*)2 + 'imo =» ZiiHW 4- 2(H.CIP); 

. Methyl hydride 

and by the facility with Mffiieh they give up one atom of hydrogen in exchange for 
chlorine and bromine, whereas the replacement of the remaining hydrogen -at>oms is 
much more difficult. On the other hand, all those hydrtMiarbons, except methane, may 
be regarded as compoumls of two atoms or half- molecules of alcohol radicles, 
thus 

C^IP* = IT.C'IP or 

Ethane. Ethyl liydride. 

cm* 

Propane. 

= Jf.C'Il® 

QuarL.ane. Quurtyl 

hydride. 

This latter view appears to accord with their formation by the action of zinc on the 
iodides of the alcohol-radicles, which is similar to that of hydrogen by the action of 
^iiic on hydriodic acid ; tlius ; 

Zn -4- 2III = Znl'^ + 1111. 

Zn + 2G^iPi = ZnP -4- cnp,cm\ 

Zii -p cu^’i + omn = ZnP ch’.c'GI^ 

The first three hydrocarbons of the series however, viz. CIP, C^IT'*, C^IP, exhibit 
exactly the same physical and chemical properties in whatever way they may bo 
prepared ; and indeeil the constitutional formulae of these bodies, viz., 

11 CH» 

I CIP 1 

H-C-U I CH* 

I cn* , I 

H CH^ 

show that they are not susceptible of isomeric modifications, inasmuch m there is but 
one way in which the carbon-atoms in either of them ctin be grouped ; in ethane each 
carbon-atom is directly combined with three hydrogen -atoms and the other carbon- 

CH» 

atom ; and whether we regard it as ethyl hydride, I or as dimethyl, H*C — CH“, 

H— CH*, 

this arrangement remains the same. In propane, C’H", each carbon-atom is dirwtly 
combined with at most two other carbon-atoms, and there is no other way in wmeh 
the atoms can be an'aiiged. 

But if we look at the formula of the 4-carbon paraffin, we see that it may be 

written ip either of the following forms : 

CH» H"C CH> 


OIP.CIP ‘ 

Dimethyl. 

0H».cnp 

Methyl-ethyl. 

CTP.OnP or 

Diethyl. Methyl- 

proi)yl. 
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in the first of which neither of the carbon-ntoms is directly united witlimoro than 
two others, whereas in the second one of the carbon-atoms is directly combintxl with 

three otliers. The first may bo roproeented, cxther as propel -nif thane ^ ^ ^ 








Cjijj , or as diethyl, IPC^ CUP, according to the manner in 


(('(’] ja\» 

which we may suppose it to bo divided ; the second as trimcthyl’inethanc, jt ’ 
or isopropyl methanef C | ^ . 

Prom recent observations by Schorlemmer {Proc. Poy. Soc. xvi, 34, 3G7), it appears 
that all the paraf&ns may be divided into ftur groups, viz.; 1. Thnsu in which each 
earbon-atoin is directly associaUni with at most two othcT carbon-atoms. — 2. Tliose in 
w'hich one carbon-atom is associatenl with tliree carhon-atoinH, or which contain t.lio 
croup isopropyl once. — 3. Those which contain this group twice, such ns di-isopropyl, 

^ UKOIPI* 

or tctramothyl-otliano, C*H'^ ~ produced by the action of zinc on 

isopropyl iodide ; this compound may bo represented by the eonstilutioual formula: 

IPC^ It II ^ CIP 


4. Those in which one carbon-ntom is associated witli four others, as in dimothyl- 
(licthj’l-mothano, or carbodiraotliyl-diethyl, a compound produced by the 

action of zinc-ethyl on dimothyl-diehloromotbano, ^ , tlio transformation being 

olVectod by the substitution of 2 at. methyl for 2 at. chlorine: 

CIP 


Cl 


h«c-c-ch* 

k 


Dlmcthyl-dlchloro* 

methane. 


(^]P 


U*c— c-~cu» 

I 

CIP 

In. 

Dimpthyl-diethyl- 

mettuuio. 


The boiling point of a paraffin containing a given number r)f carbon-atoms is found 
to bo lower in proportion as its structure is more complex. The paraffins of the first 
group, €.(7. sextano or hexane (from suberic acid, mannitc, and petroleum, in. IGS), and 
septane or heptane from azehiic acid (p. 690), boil at higher tempenitures than their 
isomerides in either of the other groups. The difference in their boiling pouts for a 
difference in composition of CIP is 31®. The paraffins of the Bccx)nd group (amyl- 
hydride 30®, ethyl-butyl 62®, ethyl-amyl 91®, octyl hydndo from octyl alcohol 124 ) 
likewise exhibit for a difference of CIP a difference in boiling point Cfiual t/j 31 . 
The paraffins of the third group (di-isopropyl 68®, dibutyl 68®, butyl-amyl 1 32 , 
diamyl 168®) exhibit for each difference of CH* a difference in boiling pjint oqiial tx) 
26®. Of the fourth group, the only known member is dimothyl-diethy 1-methane, 
which boils at 86® (Schorlemmer). , 

Second Seriee. OH*». The hydrocarbons of this series are 

polymeric, as well as homologous, with one another, inasmuch os their formulae are 
all exact multiples of that of the lowest, CH*. The lower members of the senes 
are gaseous at ordinary temperatures, the higher members are solid, and the '“im- 
mediate compounds liquid. The names and formulas of the known mornbo^m tne 
olefine series are given in the following table, together with their melting and DOilmg 
points : 
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Name / Formula 


' • - 

Ethene 

or 

Ethylene .... 

cm* 

- 


Propen e 

>> 

Propylene .... 



-17*8=> 

Quartene 

n 

Butylene .... 

c*m 

— 

-t3® 

Quinteno 

tf 

Amylene .... 

env 

— 

35® 

Sextene 


Hexylene .... 

env^ 

— 

68®-70® 

SepteiiG 

t> 

Heptylerie .... 

env* 

— 

95® 

Octeno 

i> 

Octylene .... 


— 

1I5®-117® 

Nonene 

97 

Nonylene .... 


— 

140® 

Docene 

»» 

Paramylone 


— 

160° 

Sexdeceno 

97 

Cetene .... 


— 

275® 

Septi vigil! tone 

99 

Corotene .... 

(J27JI3I 

57® 

(?) 

Trigintcne 

79 

Melcne .... 

0SOX16O 

G2® 

375® (?) 


Methene, Oil®, tho lowest term of the series, docs not appear to be capaljlo of 
existing in tho separate state; but its oxygen analogxio, carbon monoxide or carbon)!, 
CO, is a well-known compound. 

Formation of the OleJi?ic8, — 1. By abstraction of tlie elements of water from tlio 
alcohols of the series under tho iritluerico of pouerful dehydrating agents, 

such as oil of vitriol, phosphoric oxide, or zinc chloride ; tlius : 

C^n^O ~ IPO - C-ll' 

Ethyl alcohol. Water. Et-hene. 

Quintyl or amyl alcohol, C^H'-O, distilled with zinc chloride, yields — besides tho 
corresponding olefine, quintono or amylono, — a n\imbcr of others polymeric 

with it, also qiiint^ino, C*!!''-*, and its homologucs, and hydrocarbons containing a 
smaller proportion of hydrogen than tho olefines. 

2. By passing tho vapours of the haloid compowds of the monad radicles 
over lime at a dull red heat ; e.g.^ 

2C"H‘'C1 -I- CaO - CaCP + H^O + 2C^U>» 

Quintyl Quiiiteuc. 

cliloridc. 

3. By tho decomposition of the paraffins at tho moment of their formation by tho 
action of zinc or sodium on the iodides of tlio monad alcohol-radicles Oil’*''*'*'’. 

4. By the action of these same iodides on the sodium-compounds of tho same 
radicles ; for example, 

C'H'I + C2H»Na =. Nal + C^IP + 

6. By decomposition of tho hydrates of ammonium-bases containing four atoms of 
H monad alcohol-radicle, these compounds when heated splitting up into a tertiary 
jnoiiamiuo and an olefine; thus : 

N(CTI‘')«(HO) - +^H=-’0 -I- 

Tetrcthylainino- Tiiethyl- Etheuo. 

uiuui hydrate, amine. 

6. Olefinee are fumed by tho decomposition of acetates and butyrates at a re^l 

heat, distilling over together with several other products, from which tliey are 
separated by combining them with bromine, and heating the resulting bromine- 
oonipouiids, to 275® with copper, water, and potassium iodide. In tliis 

manner Bertholot has obtained ethono, propone, quartone, and quinteno. 

7. Several of the olefines may bo produced by direct synthesis from other hydro- 
carbons of simpler constitution. 

a. Kiheno is formed by the action of nascent hydrogen upon ethine or acetylene : 

-f « C-H«. 

0. Propone, C*H*, is formed by passing a mixture of methane and carbon monoxide 
(oxymothene) tlirough a red-hot tube : 

2CH^ + CO =. H^O -I- C>H*. 

Also by the action of methenyl chloride (chloroform) on zinc ethido : 

2CHC1* + 3Zn(C2H»)* 3ZnCP + 4C’H« -h 2CH^ 
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y. Quintene, or amylene, C*H'® (or a compound isomeric with it), is formed by the 
action of sine ethide on allyl iodide : 

2C»H‘I + Zn(CTP)> == Znl» + 2C*H'*. 

J. Sex.tene, or hexylene, is obtained in combination with hydriodre acid by 

the action of tliat acid on mannito : 

C«H«(HO)« + llHI = 6U»0 + &P + C*Il'’.ni 
Mannite Box tone 

hydriocUdo ; 

and this hydriodide, heated with pobissium hydrate, yields the hydrocarbon : 

+ KUO = KI + IPO + C'll‘». 

€. Quartene, or butylene, C*H% is obU\inod by precisely similar reactions from 
erytbrite, C^H«(OH)^ 

Reactions, — 1. The olefines are dyad radicles, uniting with 2 atoms of chlorine, 
bromine, &c., and with 1 atom of oxygen. 

2. The chlorides, bromides, and other haloid compounds of tbo olefines, trmtod 
with an alcoholic solution of potash, give up one atom of hydn^gen and one atom of 
the haloid element, yielding an olefine in which 1 atom of hydmgcn is replaced by 
chlorine, bromine, &c., together with water and a haloid salt of potassium ; tlius : 

+ KUO - KBr + IPO + CMPBr 
Etbene lirouietlieno. 

bromide. 

The resulting chlorinated, brominatotl, or iodated compound can, in its turn, taka 
up 2 atoms of chlorine, bromine, or iodine, forming a boi^ly which can likewise give up 
hydrochloric, hydrobromic, or hydriodic acid, under tbo influence of alcoholic jxitash; 
tlie body thus formed can again take up 2 atoms of chlorine, bromine, or iodine, tJien 
give up HCl, HBr, or HI ; and thus, by a series of perfectly similar reactions, we at 
length arrive at bodies consisting of the primitive olefine with all its hydrogen 
replaced by chlorine, bromine, or iodine, and the diclilorides, dibiDmides, and di-iodidos 
of those last-mentioued bodies ;.thus from etheno may be derived the two following 
series of brominated compounds: 

Kthene CUP I Ethone bromide . . CUPBr* 

Bromethene .... C*lf*Br Bromethono bromide . CUPBr *.Br* 

Ihbromethene .... C^IPBr* Dibromothene bromide . CUPIlr* .Br* 

Tribromothene .... C^IIBP Tribromethono bromide . C^UBP .Br’ 

Tetrabromethone , . , C*Br* Totrabrom ethone bromide CUlr* . .BP 

3. A raonochlorinatod or monobrominatod olefine may give up the atom of cblorine 
or bpomine which it contains, in the form of hydrochloric or liydrobromic acid, whereby 
it is reduced to a hydrocarbon of the following series : C"!!''*"”*. Tliis reaction may 
take place at 130°-160®, under the influence of alcoholic potash, or, better, of sodium 
ethylate ; thus : 

C^H^Br + C’H^NaO « NaBr + C^U^OH + CUP 
Bromethene. Ethlno, 

4. Ethone bromide and its bomologucs, trcat4?d with silver acetate or potassium 
acetate, exchange their bromine for an equivalent qmmtity of the halogenic residue of 
the acetate, C*H*0*, giving rise to diatomic acetic ethers ; thus : 

(C*H*)"BP -f .2C^n»0*K « 2KBr + (CUI^yXC^U^O*)’ 

Ethene Ethene t 

bromide dlaoetate ; 

and these ethersi distilled with a caustic alkali, yield diatomic alcohols or glycols ; fot 
example ; 

(C*HU’'(C*H*0«)* + 2KOH « 2C*H*0*K + (C*H*)'(Oir)* 

Ethene Kthjme 

diacetate. alcohol. 

5. The bromides C*H**BP, heated to 276® with a mixture of potassium iodide, 

copwr, and water, give up their bromine and reproduce the original olefine, together 
with other hydrocar^ns (p. 707). , , . 

6. Some olefines, when briskly shaken up with strong sulphuric acid, unite with it, 
forming acid ethers of sulphuric acid, which contain the monatomic aleoholic radtclee 
corresponding to the olefines ; thus ; 

C»H* + oO«H* • SOCC*H».H; 
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and these acid ethers distilled with water reproduce sulphuric acid and the mon- 
atomic alcohol corresponding to the olefine : 

SO*.C*H“.H + H(OH) « SO'H2 + C2H*(OH) 

Ethjl-sulphuric acid. Ethyl alcohol. 

With fuming sulphuric acid (which contains sulphuric oxide in solution) the 
olefines yield siiJpho-dcids which are isomeric with the preceding^ but are not decom- 
posed by water with formation of an alcohol. 

7. Olefines unite with hydrochloric, hydrobromic, and hydriodic acids ; and the 
resulting compounds treated with silver oxide in presence of water give rise to two 
different reactions which go on simultaneously, one part of the compound exchanging 
its halogen element for hydroxyl, and thereby producing an alcohol, while anotliop 
portion gives up liydrochloric, hydrobromic, or hydriodic acid, reproducing the original 
olefine : 

2(C«H’2.HI) + Ag^O + H^O = 2Agr -f- 2C«H"0 

Hexylene Hexyl 

hydriodide. alcohol. 

2(C«H'*.HI) + Ag»0 = 2AgI + mO + 20®H'2 

Hexylous Hexylene, 

hydride. 


8. Ethene agitated with a strongly alkaline solution of pobissium permanganate 

is oxidised to oxalic acid, (C^H^ + O* = IJ'^O + which is partly royolvod 

into formic acid and carbon dioxide. Propone similarly treated yields malonic 
acid, (C*H* -i- O* = H^O + with acetic, oxalic, formic, and carbonic acids 

as secondary products. Qiiintene or amylono appears to yield pyrotartaric acid, 

together with succinic, malonic, and oxalic acids, and volatile acids of the 
series In all cases the primary and normal product of the oxidation of 

an olefine appears to bo the corresponding bibasic acid OH'^*-’^OS the other acids 
formed at the same time resulting from the decomposition and oxidation of tliis 
primary product (Berthelot, Compi, rend. Ixiv. 35 ; Jahresh. 1867, p. 335). 

Many olefines are oxidised by aqueous chromic acid Kjo aldehydes or ketones. 
Ethene gas is slowly attacked at 120°, and converted into aldehyde C^H^O. Propeno 
C*H* is oxidised much more readily and almost at ordinary temperatures, yielding 
acetone, C*H*0. Amylene is violently attacked at ordinary temperatures, with 
formation of complex products, doubtless derived from a ketone, C*H'"0 (Berthelot, 
Oompt. rend. Ixviii. 334). , 

9. Saturated aqueous hydriodic acid convorta olefines oven in the cold, and more 
quickly at 100°, first into the corresponding moiio-iodated paraffins, then into the 
paraffins themselves ; e.g.^ 

cm* -f HI = C«H*I 

Ethene lodethane 

and 


C2H“I + HI = CHP + I*. 


lodcthauc. 


Ethane. 


Isomerism in the Olefine Series . — These hydrocarbons may exist in two modifica- 
tions, one saturated, the other bivalent, according to the manner in which the carbon- 
atoms are linked toj^ther ; ethene, C*H*, for example, may exhibit the two following 
modifications : 

CH* — CH* 

II I 

cu« — CII> 

Saturated. Bivalent. 


Ethene in the free state is probably represented by the first of these formulae, but 
when it comes in contact with bromine, chlorine, &c., the union of the two carbon- 
atoms becomes loosened (as in the case of benzene, p. 196), and the molecule assumes 
the constitution represented by the second formula, in which state it is ready to take 
up Br*, Cl*, O, &c. 

They likewise exhibit in some of their compounds another kind of isomerism, 
depending upon the relative position of the hydrogen-atoms, which does not affect 
their equivalent value. Thus the dichlorides of the olefines are isomeric with the 
inoDochlorinated chlorides of the alcohol-radicles ; for example: 

-CH*C1 CH» 

I is isomeric with ) 

CH^Cl CHa* 

Ethene Monochlorinatod 

dichlnridn. ethvl chloride. 
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]Both these compounds, when treated with alcoholic potash, yield the same pro«iuct, 
vis. vinyl chloride, C*H*C1, but they differ in boiling point, the former boiling at 86*^, 
the second at 64®. Again, the oxides of the olefines are isomeric with the corre- 
sponding aldehydes ; e.g.^ 

CH* CH* 

CH“ (*'IIO 

Bthene oxido. Acetic aldohydo. 

These compounds contain the radicles cthono or ethylene, OU* — CII«, and etliylidono, 
CH*— CH, respectively, both of which are bivalent ; the latter is not known in the 
free state. 

In the higher terms of the series a greater number of isomeric modifications may 
occur ; thus of tlie third term, C'H‘, the following motl ill cations are conceivable : 

— CII* CII* OH* Oil* 

I I I I 

CH* CIH Oil 

I II I 

—OH OH* OH* 

I 

Bivalent. Bivalent. Saturated. Bivalent. 

The first of these is normal propylene in combination ; the second is propylidone, 
homologous with ethylidenc ; the third is pt'.rhaps propylene in the free state. 

Quartono or butylene, C^I*, and its higher liomologucs may also exhibit modifica- 
tions similar to those occurring in the paraffins, and depending on the presence of 
the radicle propyl or isopropyl in the molecule ; thus the molecule C^H* may exhibit 
nine modifications. (See Butylknr, p. S/ri.) In the higher terms still greater 
variety of constitution is of course possible; indeed, if it bo remembered tliat every 
olefine is derived from the corresponding paraffin by abstraction of 2 at. hydrogen, 
an«l that those two hydrogen -atoms may be taken from the same grou]> (HI* or (Hi*, 
or one from each of two sucli groups, it is easy to see tliat very numerous modifica- 
tions may arise. Only a small number of tliese modifications liavo however been 
observed in any case. (See Hkxylenk, p. 699.) 

Third Series. C“H»— Five of those hydrocarbons are known, viz., 

Kthine or Acetylene, C*H* 

Propino „ Allyieno, C*H^ 

(^uartino „ C’rotoriyleric, C*il* 

Qu inti no „ Valery lone, C*H* 

Sextino „ Diallyl, C*H’* 

The only general method of preparing these bmlios consists in heating the mnno- 
brominated derivatives of the olefines, C"H‘"“^Br, with sodium ethylate to 

+ CT'H’NaO = NaBr + C*H*(HO) + 

Bodlum Elbyl alcohol, 

ethylate. 

Ethine and propine, which are gaseous at ordinary temperatures, are separated from 
the alcohol vapour with which they are mixcsl, by passing the gas into an ammoniacal 
«)Iution of cuprous chloride, whereby an explosive compound is precipitated, contain- 
ing copper, carl>on, hydrogen, and oxygen ; and this precipibite, treated with hydro- 
chloric acid, yields the hydrocarbon in the pure state. 

The other hydrocarbons of the series, which are liquid, do not form any precipitate 
with ammoniacal cuprous chloride ; but they nuiy be separated from the exceim of 
alcohol by addition of water, and further purified by distillation. 

The hydrocarbons of this series should exhibit three isomeric rarxlifications: 
saturated, bivalent, and quadrivalent, according to the manner in which the carbon- 
•tonu are united ; thus, for the cf^mpound C*I1* : 

C— fl 

'(Lh 

Baiuratod. 

sad they do in fact form compounds with 2 and 4 atoms of bromine, chlorine, and 
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other monad elements. When agitated with hydrobromic or hydriodic acid, they 
take up one or two molecules of the acid, forming compounds isomeric with the 
dibromides and di-iodides of the olefines ; thus : 

Kespecting their other properties, see the individual compounds, Acetylknk, 
Allylene, &c. 

Fourth Series* — The known hydrocarbons of this series are qui ntono 

or valylene, C*H®, produced by abstraction of hydrogen from quintino or valeryleno ; 
and the volatile oils called terpenesorcamphenes, having the composition 
anvl existing ready-formed in plants. The former, quintine, is sexvalent and 
quadrivalent ; the terpenes are quadrivalent and bivalent. (See ViJLYLENE, v. 982 ; 
Ca-mphenes, i. 724 j and Turpentine Oil, v. 920.) 

Fifth Series. — Those are the aromatic hydrocarbons already fully 

described under Benzene and its homologucs (pp. 269-304). 

Sixth Series. C"H®®~*. — ^The only known hydrocarbons of this series are 
phonylene, C®H*, and cinnamene or styrol, C®!!", with its isomeride mcta- 
cinnamene(p. 466). Of phenylone very little is known. A liquid having the 
composition C®1I< was found by Church {Chem. Soc, J. [2] i. 76) among the products 
of the decomposition of chlorobenzene by sodium-amalgam. It is probably also 
formed, together with benzene, when diphenyl, is passed through a red-hot 

tube, = C®H.* + but is subsequently converted by polymerisation into 

chrysene, 

Seventh Series. — The only known member of this scries ischolea- 

terone, formed by dohydmtion of cholestorin, Another might 

perhaps be formed by heating bromocinnamene with sodium ethylate. 

Blffhth Series. C®IP®-'^. — Of this series only one member is known with 
certainty, viz. naphthalene, produced in the distillation of coal (see iv. 4, 

and the article Naphthalene in this volume). According to Chancel, two hydro- 
carbons isomeric or polymeric with this body are formed in the dry distillation of 
calcium benzoate. 

BTlnth Series. C®IP" -*^. — Two hydrocarbons of this series are known, viz, 
diphenyl, C‘‘‘*H"’, and dibenzy], C‘*C‘*. The former is a crystalline body produced 
by the action of sodium on phenyl bromide, C®H^Br ; by the decomposition of 
benzene at a red heat : 2C®1P = C'*H'® + H*; and, together with other products, by 
the action of alcoholic potash on diazobenzene nitrate : 

2C«IPN’* + C’'H«0 = C«H“» + Cm*0 + 2N^ 

Diazobenzene. Alcohol. Diphenyl. Aldehyde. 

It appears also to bo one of the constituents of crude anthracene, and passes over in 
the distillation of that substance at about 260^. (For its properties, soo Phenyl, iv, 
409.) Dibenzyl, is also a crystalline solid, produced by licatiiig benzyl 

chloride, C^Il'Cl, or benzylidone bromide, C’H*Br*,^with sodium (v. 870). 

Xentli Series. C"H^®~'®. — The only known member of this series is stilbend, 
which is formed, together with other products, by the action of heat on 
benzylidone sulphide : 

8C^H«S » + C2®H'»S -t- 2CS* + 3H*S. 

Benzylidene Stilbene. Thionessal. 

sulphide. 

It crystallises in colourless plates melting at 100® and boiling at 292®; foms 
substitution-products with chlorine, bromine, and nitric acid, and unites with chlorine, 
forming the compound C*^H‘*C1* (v. 431). 

SleveBtli Series, — To this scries belong anthracene, C**H**, and 

its homologucs, mHhyl-authracene or paranaphfhaiene^ C**H*’, and tetrameihyl-anihfd- 
ecne or rttene^ all of which are contained in the heavy semifluid portion of 

coal-tar. Anthracene is also produced by definite reactions from benzene and other 
hydrocarbons, and by decomposition of toluene, xylene, and cumene, at a red heat 
(P. 176). 

TwelfUi 8«ries. — The only known body of this series is chrysene, 

a yellow crystalline body, product, as above mentioned, from diphenyl, also 
by the dry distillation of crude anthracene, and of fat^ and resins (p, 469), 
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XTSXOOAXBOSTnoXi. C*H*NO - (C*H')'-|[^i|>i^y.(Buchanana.Gl8»er, 

Zeiif>chr. f, Chem, [2] r. 194). — A bidy protlucecl by reduction of nitrophouyl-pro- 
pionic acid in the same manner as carV»ostyrol or carbostyryl from nitroclniianiic acid 
(i. 802). It has the composition of am idophonyl -propionic acid, C*1I"N0S H’-'O. 
To prepare it, nitrophenyl propionic acid is treated with tin and hjnlrochloric acid, and 
the crystals which separate from the diluted and filtered liquid are recrystal Used sovenil 
times from alcohol. It is a very stable substance, melting at 160*, and distilling with- 
out decomposition at a higher teinperatnro. In its eliemieal relations it resembles tho 
amides. It dissolves easily in warm cancontratod hydrochloric or hydi\)broinic acid, 
apimrontly forming definite compounds, wliieli, how'evor, decompose spoil taneonsly 
even in tho cold. Potash and soda dissolve it but slowly even at the boiling heat ; it 
is nearly insoluble in water, moderately soluble in alcohol and ether. 

BTBROCXSrWilMZG jOlCZB. See Cinnamic Atm (p. 408). 

B'STBROCZTRZC AGZB, See CiTUic Acm (p. 473). 

BnrBROCOlMCIBirZC ACZB. C«lPOh is produced by tho action of sodium- 
amalgam on comonic or bromoooinonic acid. It is a yellowish, stningly acid, syrupy 
liquid forming a white silver salt, CMPAgK)*, oasify reduced by heat (J. v. Kortt’, 
A7in, Ch. Pharm. cxxxviii. 191). 

BTBROGOXrnZiLXbZC or MX3Z.ZZ.OTZG ACZB. (7Ii'«0=' (/weiigor n. Bodcii- 

bonder, CA. IVmr7«. exxvi. 2o7 ; /wenger, iVdt/. i^nppl. v. 10b; Juhrrsh. 18G7, 

p. 439). This acid occurs, combinetl with coumaria, in the yellow melilot {Mdifotus 
offichialu), forming tho compound wliich may bo called 

melilo-couinarin, (Seo Coumauin, p. 499.) 'When tho aqueous decoction oftho plant, 
cvaptiratod to the consistence of a thin extract, is treat e<l with ether as long as tho 
ether acquires an acid reaction, and tho green mass which remains afh*r distilling off 
tho oilier is repeatedly boiled with a large quantity of water, W’ell-di'finod crystals of 
melilo-couinarin separate on cooling. The solution of tlic-so crystals (ortho aqueous 
decoction of the extract above mentiono<l) is mixed with l>asic lead accb'ito, carefully 
avoiding an excess, which would exert a solvent action ; and the precipibi to which forms 
after long standing is collected on a filter, wmshod first with cold water, tlien with 
alcohol and ether to remove free couinarin, and repeate<l]y boiled with water, as long 
as tho hot filtrate deposits a erystnllino precipitate of lead hydrocoumarato. This 
precipitate decomposed by hydrogen sulphide yields hydrocoumaric acid, which may 
be purified by repeated precipitation wuth neutral load acetate; 100 pounds of tho plant 
yield from to 2 ounces of the pure acid. 

Hydrocoumaric acid may bo pivslijccd syntlictie.ally from coumarin by gradui\lly 
mlding sixlium-amnlgam to an aqueous Kolution of that substanoo containing a littlo 
alcohol, each portion of soilium-anialgum iKiiiig adiied only after the alkaline nuictioti 
produeod by the preceding portion has nearly disappeareil. By this treatment tlio 
coumarin, in the course of a few days, is almost wholly converted into hydrocoumaric 
acid, which may be precipitated by lead aci-Uito. On boiling tho xirccipitate with 
Water, the greater part, consisting of lea<l hydroexnimarate, dissolves, while a small 
quantity of coumamte remains bt liiml, showing tliat tlie coumarin, C®JI“0'‘‘, has first 
been converted, by addition of the elements of water, int<j coumaric acid, 
which has then been converted into hydrocoumaric acid by addition of 2 at. hydrogen. 

Hydrocoumaric acid dissolves in 20 pts. water at 18*, in less than 1 pt. at 40®, very 
easily also in alcohol and ether. From a hot-saturated aqueous solution it crystallises, 
after long standing at ordinary temperatures, in spicnlar arragonitic crystals an inch 
long. It melts at 82® ; solidifies in the crystalline state on cwling ; has a strong acid 
reaction, a sour astringent taste, an aromatic honoy-liko odour; decomposes carbonates 
with facility ; and dissolves zinc and iron when heatod, with olemination of hydrogen. 
Its solution in excess of ammonia, when exposed to tho air, gradually acquires 'an 
indigo-blue colour, becoming reddish when the liquid is heated. On adding the aqueous 
solution by drops to dilute ferric cMorvlCt a bluish coloration is produced, which 
gradually disappears, with formation of a yellowish precipitate. CUoridt of lime 
colours^ the solution yellow and red when heated. By fusion with potash^ hydrr>- 
coumaric acid is resolved, with evolution of hydre^en, into salicylic and acetie 
acids : 

+ 2WO « + C*H<0* + 2H*. 

The metallic hydrocoumaratce are for the most part easily crystal 1i sable ; those of 
the alkali-metals and alkaline earth-metals hare a slight alkaline reaction, tho ammo* 
nium salt and the salts of the heavy metals an acid reaction. The less soluble salts 
are obtained by precipitation ; tho more soluble by ucutralisation of tlie correspoDdiag 
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carbonafcs. They fiiao easily, and when heated (especially the barium salt) 
assume first a red, then a violet colour, from liberation of hydrocoumaric anhydride; 
when completely decomposed at a red heat they yield phenol. The potassium, suit 
C“H*0*K is easily soluble in water and alcohol, crystallises in radiate lamin.ne, melts 
with loss of water of crystallisation at 125*^, and is precipitated from its alcoholic 
solution by ether as an oily liquid. The ammonium salt is also very soluble and 
crystallises in slender shining needles. The silver salt C®H’*0’Ag is a bulky curdy 
precipitate, very sensitive to light, crystallisable from water or alcohol. The barium 
salt + 3II“0 forms slender nacreous laminae which give off their water 

at 100°. The calcium salt (C®H*0*)^Ca is a crystjvlline precipitate slightly soluble in 
water and alcohol, easily in acetic acid. The magnesium salt (C®H®0“)*Mg + 211*0 
forms scaly nacreous crj'stals, greasy to the touch, and very efflorescent. The mipric 
salt (C*H'’0*)“Ca + H*0 is a verdigris-green precipitate easily dccomposiblo by heat, 
and crystallises from alcohol in groups resembling fibrous malachite. The lead salt 
(C®H®0*)2pb is a crystalline precipitate insoluble in water and in alcohol, but soluble 
in excess of basic lead acetate. Tho zinc salt (C®H"0*)'^Zn + H‘0 is slightly soluble 
in cold, somewhat more soluble in hot water, and crystallises in rosettes of apparently 
quadratic tables, which melt below 100°. 

Eihgl Hgdrocorfmarate, formed by heating tho recently precipitated 

silver salt with ethyl iodide, or very easily by boiling an alcoholic solution of Jiydro- 
coumaric acid with rather strong liydrocliloric acid, is a syrupy liquid, which slowly 
solidifies at low temperatures. It crystallises from ether in large monoclihic prisma 
having a faint odour of cinnamon ; melts at 34°, and decomposes at 273°. 

Hydrocoumaric Anhydride,, C®lPO^ passes over, on distilling the acid alono, 
as an oily liquid which, after complete dehydration with calcium chloride, crystallises 
in largo, hard, apparently rhombic plates, melting at 25° to a colourless strongly 
refracting oil, and boiling without decomposition at 272°. At ordinary temperatures 
it smells like coumarin ; when heated, like oil of cinnamon and nitrobenzene. It 
dissolves in alcohol and ether, forming neutr.al solutions; is insoluble in cold water; 
dissolves partially when quickly boiled, the solution becomirig turbid on cooling; and 
completely when slowly heated, being then converted into hydrocoumaric acid. When 
exposed to the air in the liquid st.ato, it takes up water and forms the acid, which on 
the other hand is partially converted into anhydride when heated over the water- 
bath. 

Bihromhydrocoumaric acid, C’lPBr^O®, is formed by dropping bromine on 
pulverised hydrocoumaric acid, and crystallises jfrom alcohol in slender needles insolu- 
ble in cold water, easily soluble in alcohol and ether, having a strong acid reaction, 
melting at 115°, and distilling without decomposition. Its barium salt 
-h 6IPO crystallises in shining needles, insoluble in cold water, easily soluble in warm 
alcohol. 

Dinitrokydrocoumaric acid, C®IP(NO*)^0*, is formed, together with oxalic 
acid, by treating hydrocoumaric acid witli hot strong nitric acid. It is slightly soluble 
in cold water; cry^stallises from alcohol in honoy-yollow to sulphur-yellow prisms; 
colours organic substances as strongly as picric acid ; molts at 155° ; does not detonate; 
and may be volatilised for tho most part without decomposition. Its ammonium salt 
is precipitated cinnahar-rod by barium chloride, yellow by lead acetate, yullowish-red 
by calcium chloride and silver nitmte. 

Ilydrocoumaramide or Melilotamide, formed by dissolving the 

anhydride in strong aqueous ammonia, or by the prolonged action of ammonia on 
ethylic hydrocoumarate, crystallises in long slender needles having a neutral reaction, 
slightly soluble in cold water, easily soluble in hot water, alcohol, and ether, melting 
at 70°, and decomposing at higher temperatures into ammonia and hydrocoumaric 
anhydride. The aqueous solution is coloured indigo-blue by ferric chloride (Zwenger). 

Hydroparaooumarto .A.old« C®II‘®0’, is formed by the action of sodium-amalgam 
on paracoumaric acid, and separates from aqueous solution in small well-defined 
monoclinic crystals. It does not lose weight at 100°, melts at 126°, dissolves easily 
in water, alcohol, and ether, is not precipitated by lead acetate, cupric sulphate, or 
mercuric chloride, scarcely altered by ferric chloride, but forms a ^ite precipitate 
with mercurous nitrate, and reduces alkaline cupric solutions at the boiling heat.^ Its 
ammonium salt is crystallisable ; the silver salt is an amorphous precipitate (Hlasiwcts 
a. Malin, Ann, Ch. Pharm. cxlii. 358). 

The formula includes three acids, viz. phloretic, hydrocoumaric, and 

hydroparacoumaric, which have the constitution of .oxyphonyl-propionic acid, 

« OH . . . • • 

tlicir isomerism being detennined, like that of tho three modifications 
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„fthei<ci<iC-H*OM)ytho relutivo position of the groups OU and C>U‘ 0 * in th« 

heiizcno nucleus ; thus : „ , . 

Ortho^rtoB. ram-Bcdoa. 

OxiLn/tlc. m\cy\\c. Ptu-a-oxylKMUolc. 

riiloretic Ilvtlnx-onmaric Hyilroi»ura- 

1 hloretic. jneliluLio. coummic. 


.1 1 ompournaric acid has heen obtained synthetically from phenyl -propionic or 
.■^iSrrrcVarP 468 ) as follows ;ri.is ueid U^-ated with strong n.tnc acd 

which when oxidised by chromic 


liydrt)ciii« 
yields niirophcnyl-propumk acid, 




TkTRACHIsOBO- 


‘ • 1 ■ rtnmletelv converted into nitrodracvlic acid, and theveft^ro bclotijjH to the pivm- 
s Nit^ophcnyl-propionic acid treatei with tin ami hydrochloric acid iscvanerUxl 

Z<>\u,uJoj>k.'¥-P^opionic aeiJ. OH- ) C-'h-'hor with hydrocartatj-rol 

,, 7 if,)- ,he hvarnohlorido of this amUinted 

l ;v !t«l witi.nit"rni.s acid is converted inU>di«r<.pA«»/;-propw«treA;,o«/e,t. U N O .1 

( and hy boiling the solution of this exm.pound, whereby nitrogen 

'is evolvirrennivlng the chlorine hy lead earhonate. the leaxl by Hydrogen snlpludo 
■„d evaporating, o^phenyl-propiomo ««W. Oil- ,,,,.0- ^ 

....,,a,s, Tboncdd.lu.s<d,tained„g..oesiualli.spn,j-^^ 

e.'id obtained by Hlasiwetz a. ;“"V and delimits a resinous 

. hloriilo forms a bhio laiuid wliieli i.i,,,, colour j's eaild-satnniUxl 

se!.st«nce. tbo filtered Iniuid still J V and 

solution mixed with a lew drops oi " , i„.„.„,nipouiid, whicli dissolve in 

after a few hours ‘'•'1’"*;',“ -j ,,‘c„,„e8 milky ibeii mixed with bromine- 

r;::’ and"rcdVrs"arnlk:.iV“o enprie solutio.i at the boiling heat (Uucha.ian a. Olaser. 
'lcit.«hr. f. Chem. [2] v. 193). See 1-uoi-ioNic Aciii. 

HTOHOCYAWOBBWZra*!. S™ llYUkoiinszAStiDK (p. 703). 

BYSROC-rAVO.KOSAini.XirE. Seo ItosANiLlNi!. 
BYSBOCYAVOSAEISB. Seo llYi..tosAi.icvr.A»iIi.R (p. 721). 
BYSKO.ETrrBIOCBKOIC ACIB. Seo l)K«.VAT.vr.« OF 

giMNONK, umlcr Quikojnk. 

BYBKOOEE. The name applied by Graham to the gelati.ious hydrate of . 

colloidal substunco. (Seo Colloidal Acids, v. ’ . ^ vi„-u 

BYBKOOBV. Tho 'tlui^-tion 

ncid, or of .sodium-amalgam on (CaiUctet, Cumpt. rmd. Ixviii. 3«f>). 

takes place under pressure, as in ohoraical action lu this and similar 

Beithelot (im 536) regards tho J but as duo to the formation 

cases, not as a direct consequence of the incriasc p » removal of this layer 

of a layer of saturated solution on the sur aco JilJXo „ndor pressure. 

hy agitation or diffusion being retardyl • -ag.pupbles ; moreover, part of the 

in constiquoiico of the diminished size of g „ • „ adhering to the surface 
hyilrogen eliminated at the beginning and this gaseous layer « 

of tho metal and protects it from the acUori o intiroasod pressure, 

course less able to escape when tho Uquid is subject to and pro- 

The salts of ammonia, meihylamin^, hiT’zi'nc ^is ’imn^ersrti in their aqueous 

bably other amino-bases, ^ve off Unary temperatures, but more readily 

solutions, the reaction hiking place even a y F 

at40O. Iron acts in the same manner, but less ^ 

ammonium salt, and free ammonia, the evo ^ urobably also the nitrates of 

dilute sulphuric acid. Ammonia nitrate, ho .uj^gneral rule, inasmuch as it 

the alcoholic ammonias), forms an exception to dO'* in contact with sine 

not evolve hydrogen, but nitrogen monoxide, when beatea 

(Urin, Compt rend. lx. 745). absorption by 

On the passage of hyd^en aLobftion op (p. 634), Irom ilm 

metals, especially by palladium, r^® nraham infers that it is a true metal- 
properties of the hydpc^emsed metal, which ho desig 

& alloy, and that the hydrogen enters into it as a me , 


I designates as 
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hydrogenium. Assuming that the hydrogen enters into the combination with the 
density which it would exliibit if solidified in the free sbxte, he calculates, from the 
observed density of this so-called alloy of palladium and hydrogonium, and of similar 
alloys containing, in addition, gold, silver, or nickel, that the density of this hyuf). 
thetically solidified hydrogen varies between the limits 0*711 and 0*7545 : mean, 0*733 

It may,' however, bo doubted whether the observed modifications of the physical 
properties of palladium and other metals consequent on the absorption of hydrogen 
have any very direct bearing on the question of the metallic nature of hydrogen. 
What indeed is mojint by the assertion tlmt hydrogen is a metal ? This element, in 
its chemical relations with chlorine, oxygen, and other chlorous radicles, undoubtedly 
exhibits striking analogies to the metals, and hence it has been inferred that if 
liquefied or solidified it would also exhibit the physical characters of a metal. But 
hydrogen in a sbito of combination may also bo regarded as the first term of the 
series 

H CH» CW env .... 
and in the free state, as the first term of tht; series 

CIl* .... 

Its chemical analogies to the several terms of the first series (the alcohol-radicles) aro 
“well known; and hence we might with equal reason suppose that, if liquefied or solidified, 
it would rescmblo the bodies of tho second series (the paraffins), exhibiting the 
appearance of a transparent colourless liquid, or of solid paraffin, and not bearing tho 
slightest rosomblanco to a metal. 

In connection with this subject we may refer to the late ingenious experiments of 
Soojey {C hem. NewSy Juno 10, 1870) on the so-called ammoniaciil amalgam, from 
which it appears that this substance when submitted to varying pressure changes its 
volume like a gas, and is in fact nothing but a homogeneous froth formed by the 
imprisonment of gas-bubbles between the pores of tho mercury. Loew, by shaking 
together in a well -cooled vessel a mixture of mercury and 1 to 2 p. c. zinc, with an 
equal bulk of a solution of platinic chloride containing 10 p. c, of tho solid salt, has 
obtained a slimy mass which, when treated with dilute hydrochloric acid, acquires a 
buttery consistence, and is a compound or mixture of mercury and hydrogen, designated 
by Loew as hmirogemiim ainal^amy and described as analogous in its properties to 
Graham’s hydrogenisod palladium. It is perhaps merely a mixture similar to tho 
ammonium amalgam, and if the molecules of palladium were as free to move as 
those of tho mercury, it would probably also, in absorbing hydrogen, assume tho 
consistence of a mebillic froth. 

On the spectrum of hydrogen see Spectral Analysis. 

On tho coloration of the hydrogen flame by small quantities of gaseous and solid 
bodies, see W. F. Barrett (PM. Mag. [4] xxx. 321 ; Jahresb. 1865, pp. 124, 139). 

Reduction of Mctatlic Salts hy Hydrogen. — Pure hydrogen passed for several hours 
through a solution of nitrate, sulphate, or acetate of silvery throws down a slight grey 
precipitate of metallic silver ; impure hydn^gen forms a brown or black, precipitate, 
due to tho foreign sulistances present. A solution of platinic chloride made as neutral 
as possible, or a solution of ammonium chloroplatinate, becomes turbid when hydrogen 
is passed through it, depositing a black, pulverulent, sometimes scaly, metallically 
lustrous precipitate ; by prolonged exposure to the gas the solution becomes colourless 
and transparent. Palladium is precipitated with still greater facility. Iridium solu^ 
lions aro scarcely affected ; gold solutions not at all. Solutions of mercurous nitrate 
and mercuric chloride are not affected under tho ordinary pressure, but under a pres- 
sure of 100 atmospheres metallic mercury is deposited after 24 hours. A solution of 
ferric chloride treated with hydrogen for 48 hours was found to contain a small 
quantity of ferrous chloride (Brunner, Pogg. Ann. exxii. 153; Jahresb. 1865, p. 124). 
According to Beketoff {Ann. Ch. Pharm. cx. 312 ; Jahresb. 1859, p. 66 ; 1865, p* 13), 
the reduction of silver from its salts by hydrogen is greatly facilitated by increased 
pressure. Dilute solutions of cupric nitrate and of lead salts exhibit no trace of 
metallic precipitation by hydrogen, even under a pressure of 40 atmospheres ; but the 
reduction takes place in presence of platinum, not only under increas^ pressure, but 
oven under ordinary pressure, if the platinum plate projects alxive the liquid (the 
tubes containing the solution and the platinum plate were filled with hydrogen and 
sealed up). Solutions of silver sulphate similarly treated deposited metallic silver on 
the platinum ; lead solutions were unaffected. 

On tho temperatures at which different metallic oxides are reduced by hydrogen, see 
W. Muller {Z^itschr. f. Chem. [2] v. 507). Auric chloride is not decomposed by 
hydrogen at 200®, but above that temperabur© explosion occurs in consequenc© of tfait 
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combination of liberatxxi chlorine with the hydrogen. Platinic chloride begins to be 
reduced at 85°, The chlorides of silver and lead are not afiboted ; gold sulphide gives 
off sulphur at 200° (Miiller). 

SnrX^StOOSV l»Z03LX3>li. IPO-. — According to II. Struve (Zeitschr,/. Chem. [2] 
V. 274), this compound occurs frequently in the atmosphere, and may bo dotectoni in 
snow and rain-water, by means of a solution of leail oxide in ixitash, with addition 
of a few drops of basic lead aeetjito, wlicrcby, if hydn^gen dioxide is present, a 
precipitate is formed containing leml dioxide, PbO'. llouzoau, on the other hand 
{ibid, iv. 375), was not able to detect hydrogen dioxide in snow or min-water. 
According to fc^honbein (Jakresb. 1864. p. 660), hydrogen dioxide may be detocted in 
variable but idways small quantity in human urine. 

On the formation of hydrogen dioxide in various cases of slow oxidation, ns when 
an amalgam of tin, lead, or bismuth is agihited with water acidulated witli sulphuric 
acid, see Schonbein A7in. cvi. 307 ; exxii. 445 ; Jahrvsh. 1850, p. 60 ; 1861, pp. 

04, 96, 97, 166 ; 1862, p. 42 ; 1864, p. 121 ; 1866, p. 101). 

To prepare a dilute solution of hydrogen dioxide for lecture experiments, 
C. Hoffmann (A7m. Ch.Pharm. cxxxvi. 18S) acids potassium peroxide by small portions 
to a moderately ct^ncentrated and wcll-cofded solution of silicofluoric or tartaric 
acid, taking care not to m utraliso the acid completely. The pohissium peroxide is 
prepared for the purpose by directing a jet of air on potassium fused in a porcelain 
crucible. 

Ucaciions. — The reactions of hydrogen dioxide with metals and metallic salts 
have been studied by Weltzion {Ann. Ch. Pharm. cxxxviii. 129 ; Chem. Nfws, xiii. 
150; xiv. 1, 16, 39, 60; Juhrvsh. 1866, p. 107). 1. Metallic iron in a solution of 

hydrogen dioxide becomes covered with gas-bubbles and is converted inh) normal ferric 
hydrate: Fo'^ + 311*0'^ = Fe‘-^(On)*. — 2. Alu}niHiu7n is acted upon in a siinilar 
mannor. — 3. Ferrous mlpbate gives a precipitate of a basic ferric salt, Fe*ISO* + 
8ll“0 or 2Fe*O^.SO* 8U^O, while an acid salt, Fo'^S^O*" or Fe*(SO*)*.2SO^ remains 
dissolved ; 

GFoSO* + 3ir’0^ + 6IPO = Fo*SO».8lPO + Fe^.S'O'". 

If the solution of ferrous sulphate bo mixed, first with potash, and then with hydrogen 
dioxide, in excess, tlic precipitato<l ferrous hy<lrato quickly passes into ferric hydrate, 
corresj)onding, when dried at 100% to lh<! formula Fo^U'O* or Fe*0*,2U*0. A solu- 
tion of ferrous sulphate mixed with potassium sulphocyanato turns red on addition of 
hydrogen dioxide, while ferric hydrate is precipitated ; 

6Fo(CNS)^ + 311-0^ = 2Fc»(CN8)« -t- FeHPO*. 

A solution of Jarrons iodide gives with hydrogen dioxide a precipitate of ferric hydrate, 
with separation of tho whole of the iodine : 

2FeI* + 311*0* = FeHI'O* + 2l*. 

Ferric salts are not altered by hydrogen dioxide. — 4. Magnesium slowly forms an 
alkjiline liquid, which, when evaporated, Uiaves ti white mass perfectly B^>lublo in 
w^ater, tho solution probably conhuning mttgnosium hydrate, Mgll*0*, — 5. Thidlium 
is ccjnvcrtcd into thallious and thallic hydrate, according to tho equation : 

2TI* + 41PO* « 2TIHO + TIHPO' + 2H*0. 

On tho other hand, thallic hydrate is slowly reduced by hydrogen dioxide to thallious 
hydrate, with elimination of oxygen, as already observed by Schonbein {Jahresb. 1864, 
p. 171). — 6. Silver nitrate in ammoniacal solution is reduced by hydrogen dioxide, 
with brisk evolution of oxygen ; probably thus : 

2(HH*Ag.NO»> + H*0» « 2(NIP.NO*) + Ag*0* 

and 

Ag*0* + 2H*0* « Ag« -H 2H*0 + 20*. 

7. Potassium iodide, is decomposed by perfectly pure hydrogen dioxide (contrair to 
the Btotement of Meissner {Jahresb. 1863, p. 144), tho liquid becoming alkaline, fha 
traction takes place by three stages ; 

(1) 2ia -F H*0* =» K*0* + 2HI. 

(2) K*0* + H*0 « 2KHO + O. 

(3) 2HI + O - H*0 + I*. 

[According to Meissner (Jahresb. 1883, p. 144), hydrogen dioxide does n^decompooa 

potassiuin iodide in perfectly neutral solution; according to Houaeau (tbid, 1868, p. 
146), tha djeoompositioii does not take place when the solutions are neutntl and very 
dilate]. 
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8. Potassium permanganate is decomposed by hydrogen dioxide, in the absence 
of hydrochloric acid, with separation of manganic hydrate, Mn*H*0*, and formation 
of potassium hydrate : 

2KMnO^ + 2H20* » 2KHO + Mn^H^O* + 30«; 

in presence of hydrochloric acid a manganous salt is formed, as previously shown bv 
Brodio {Jahresb. 1861, p. 106): ^ 

2KMiiO« + 6H20» = 2KHO + 2MnO + 411*0 + 60*. 


9. Potassium fer racy anideva neutral solution is converted into ferricyanide, with for- 
mation of potassium hydrate : 


2K<FeCy« + H*0* « K*Fe*Cy‘* + 2KH0 ; 
in presence of hydrochloric acid, not in excess, the reaction is 

2K:*FeCy« + 2HC1 + H*0* = K*F6*Cy>* + 2KC1 + 2H*0 : 

with excess of hydrochloric acid, hydroferrocyanic acid is separated and further 
decomposed. On the other hand, ferricyanide is reduced by hydrogen dioxide to 
ferrocyanido : 

K«Fe*Cy'* + H*0* H*K*FeCy* + K‘FeCy« + 0», 

on which reaction depends the blueing of a mixture of potassium ferricyanide and 
ferric chloride by hydrogen dioxide (ferric salts not being reduced thereby). — 10. The 
peroxides of potassiumt sodium^ and barium are resolved by water into hydrates of the 
alkali-metal and liydrogen dioxide, which, however, is immediately decomposed by the 
alkali, and can therefore be detected in the solution only in small quantity. On the 
other hand, it may be supposed that the alkaline hydrates are converted by hydrogen 
dioxide into hydrated peroxides, which are again resolved, with evolution of oxygen, 
into alkali-hydrate, oxygen, and water ; thus : 


and 


2KnO + 2H*0* = 2KnO* + 2H*0 


2KH02 « 2KHO + 0*. 

The rapid decomposition of hydrogen dioxide in all reactions in which alkalis are 
set free takes place in this manner, and is not duo to catalytic iwtion (Weltzien). 

When a solution of ferrous oxide is mixed with phenol and then with hydrogen 
dioxide, the liquid becomes green, and if sufficiently concentrated yields a dark green 
procipitete of unknown composition ; at the boiling heat, however, it deposits ferric 
hydrate. 

A solution oi potassium dichromate similarly treated gradually yields a dark brown 
precipitate; an ammoniacal cupric solution deposits cuprous oxide. In these reactions 
the reduction takes place only when the hydrogen dioxide is added after the phenol 
(J. Parnell, Chem. Soc. J. [2] vi. 356). 

Hydrogen dioxide is decomposed by all ferments^ especially by yeast, these bodies 
acting as deoxidisers ; they lose this x)ower however when heated with water to the 
boiling point (Schonbein, J. pr. Chem. cvi. 267 ; Zeitschr.f Chem. [2] v. 633). 

A solution of guajacum mixed with blood-corpuscles, or with infusion of malt, turns 
blue on addition of hydrogen dioxide, and affords a test for that compound exceeding 
in delicacy any yet proposed, and pr^ucing distinct indications in water containing 
not more than 1 pt. of it in ten million. By means of this reaction it may be 
shown that al(X)hol, ether, wood-spirit, acetone, and other organic liquids contain per- 
ceptible quantities of hydrogen dioxide, after being agitated for a few minutes with 
air in sunshine, and that this compound is instantly formed when zinc or other metals 
are oxidised in contact with water (Schonbein, J. pr. Chem. cv. 219 ; Jahresb, 1868, 
p. 146). 

For the quantitative estimation of hydrogen dioxide, Houzeau {Zeitschr. f. Chem. j|2] 
iv. 223) adds to the neutral solution, first dilate titrated sulphuric acid (containing 
0i00G12d grin. H"SO* in 5 c.c.), then a slight excess of potassium iodide solution (con- 
taining 3 grm. of the salt in 100 grm. water) ; warms the liquid gently to facilitate the 
reaction ; then boils it till all the iodine is expelled ; and estimates the quantity of 
free acid still present with a standard soda-solution. Every cub. cent, of acid 
neutralised by the alkali from the potassium iodide corresponds to 0‘431 miUigrm. of 
hydrogen dioxide. 

annOGEir FBOSPBZEBS. According to Commaille (J. Pharm, [4] viii. 
:3^I), phosphorett^ hydrogen gas is evolved by^ the action of phosphorus on wStaah- 
ley even at ordinary temperatures. Hence in determining carbon dioxiae and 
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oxygen in a gaseous mixture, by absorbing the former with potash-ley and tlien intro- 
ducing a sticic of phosphorus to absorb the oxygon, an error may arise in consequence 
of the phosphorus becoming wetted by the potash-solution, end tlien evolving phos- 
phoretted hydre^en, 

K, Mahn {Zeitichr. f. Chem. [2] v. 730) has examined the action of phoephoMtted 
hydrogen gas, or phosphine PH*, on the chlorides of phosphorus, antimony, and tin. 
AVith 'phosphorus pentuchloride. it reacts according to the equation, PH* -f 3PCP 
4PC1* + 3HC1, as previously shown by H. Rose. When passid into heated 
trichloride^ it slowly forms a rod precipitate of phosphorus, as also shown by Rose. 
When passed into cooled antimonic chloride^ it forms antimonious chloride, phosphoric 
chloride, and hydrochloric acid : 

PH* + iSbCP = 4.SbCP -f PCI* + 3HCI. 


Passed into fused antbmiiious chloride, it forms a black prooipitato consisting chiefly 
of antimony and phosphorus. With stannic chloride it forms a yellowish-red 
compound, Sn'CPP^. 

BTl>ltOGSlf 8irXiPHZl>13, n*8, Ilt/drosulphuric or Sidphydrio acid, is 
formed abundantly when hvdrt)gon gas is passed thixmgh lK>iling sulphur (Merz a. 
Weith, Zi'iischr.f. C% m. [2] v. C03) ; also when a succession of induction-sparks is 
passed through a mixture of hydrogen gas and sulphur vapour (Chevrier, ihid, 608). 

According to J. Myers (Zeitschr. atial, Chem. 1869, 409), it is fonutnl when aqueous 
vapour is passed over boiling sulphur, an acid liquid then distilling over which is a 
solution of eulphydric and pentathionic acids, the latter obvioxisly resulting from the 
eulphydric acid and sulpSurous Hnli3'dride simultaneously produced. 

STB&OMBCOnrZG ACZB. See Mkconic Acid. 

HT1»XIOM:i:3«XiZTZC ikCZS. See Mkllitic Acid. 

BTOBOF>&.BACOtrMiUtZO A.CZB. See Hydrocoumario Acid. 

KTH&OPKXiOMOirS. Soo Phi.OBONE. 

BTBKOPBTBBMO ACZB. See Phthamc Acid. 

KPBBOPZPBBZO ACZB. Soo Pipeuic Acid. 

BTDBOQVZHrOPrS. See Quixokb. 

BYBBOSA.ZiZC'S’&A.MZBllf C^'n>*N’0*, is converted hy gentle heating with 
hydrochloric and hydrocj'anic acids into yellow hydrocyanos;ili(re, C'"H'*N*0*, and 
sal-ammoniac : 

C*‘H‘»N*0» + HCN 4- HCl = NU»Cl -f 


By washing the solidified product with alcohol, and crystiillising it from a large 
(luantity of the latt'!r, hydrocyanosalido is obtained in interlaced orange-yellow noodles. 
It is indiiforent, very stable, insoluble in water, very slightly soluble in alcohol, ami 
decomposed by potash, with evolution of ammonia and formation of resinous products. 
Hy boiling for several days with alcohol, it is gpradually converted into brown noodles 
of an isomorphous compound distinguished from the yellow modification by greater 
solubility and a different crystalline form. 

H^'drocyanosalide is also fonnofl, together with ammonium cyanide and Its products 
of decomposition, when hydrosalicylamide is acted upon by hydrocyanic acid alone 
(Reinecke a. Beilstein, Ann. €h. Pharm. cxxxvi, 109), 

Hn>m080]«. The name applied by Graham to the soluble hydrate of a colldulal 
substance (▼. 1088). ' 

BTl>]fcOXXPBJU>ZTB. Hydrated manganous silicate fW>m New Jcr^. 
massive, light red, translucent on the edges, contains 28*46 p. c. SiO*, 11*89 MgO, 
53*44 MnO, 0*49 Mn*0*, and 6 85 H*0 (Igolstrbm, Jahresb. 1807, p. 996). 


BTZ>; 


*BTBBUC A.CZB* 


See Tbbrphtualic Acid. 

C‘H'«NO - (Wnrt., 

Ann. Ch. Pkarm. Suppl. vii. 89).— When the hydrochloride of 
is heated with excess of ammonia, the chlonae of this base, C*H NO, Cl 
or C*H*»NO.HCL is formed, together with that of the correspoi^ing valem- 
base. C*H*^NC1 or C*H*‘N.HC1, derived from it by abst^ion of water. Un 
evaporating the resulting liquid to a syrup, dissolving it in nl^lule alwbol 
to romove ul-ammoniac, rniiing the alcoholic elution with pUUme cliUa^r > 
and leaving the filtered liquid to erapomte, cryeUllme crorte of the plattnocbltoM*. 

3 
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(C*H**N)*.PtCl* (isomeric with that of vinyl-trimethyhammoniam) separate oiit, 
and by recrystallisation this salt may be obtained in rather large dark orange-coloured 
crystals soluble in water and alcohoL The mother-liquor of the preceding salt finally 
yields by spontaneous evaporation the plati nochloride of hydroxamylene-ammonium, 
(C*H'^NOCl)*PtCP, isomeric with that of choline (p. 448), which by repeated 
crystallisation may be obtained in orange-red crystals, very soluble in water and in 
alcohol. 

On mixing the syrupy liquid containing those two platinum salts with excess of %’'ery 
strong potash-solution, a thick oily liquid separates ; and on subjecting the whole 
to distillation, there passes over with the aqueous vapour a base which separates from 
the alkaline liquid on saturation with potassium hydrate. The decanted oily liquid 
distils without decomposition, the greater part passing over between 160*^ and 170"^, 
as a thickish strongly alkaline liquid soluble in water, and smelling of ammonia. 
The residue of the distillation solidifies on cooling to a crystalline mass. The two 
bodies thus obtained are doubtless the hydrates corresponding to the platinum salts 
above described. 

H'raitoaLSTS'srZiBxri: - xsisTsm^MMcoirzinMc. 

(Wurtz, Ch. Pharin, Suppl, vii. 88). — The chloride, C*H'''®N0C1, 
is obtained by heating hydroxy chloride of ethylene with triethylamine : 

(C«H>)’N + C>H*(OH)Cl = 

If is easily soluble in water and in alcohol, crystallises in beautiful striated prisms, and 
forms with platinic chloride the salt (C®H*®NOCl)^. PtCP, which also crystallises well. 
The aurochloride C‘*H^‘*NOCl . AuCl* is less soluble than the platinochloride, and 
separates from boiling water in splendid golden -yellow laminae. The hydrate 
C“H*^NO* = C"II^®NO . OH is ahomologue of choline, 

HYUHOXYBlSM’ZYX.tmxC JkCZS. (Otto, Ann. Ch. Pharm, 

cxxxiv. 303 ; Jahresh. 1865, p. 354). — An acid produced by oxidation of hydro- 
benzyluric acid (p. 704) when an alkaline solution of the latter is exposed to the 
air. It is crystalline ; has an offensive odour when moist ; melts between 60° and 
70® ; is insoluble in cold water, but dissolves easily in alcohol, ether, and alkalis ; 
and is precipitated white by load, silver, and mercury salts ; brown by ferric chloride. 
Its solution in strong sulphuric acid has a cherry-red colour. The calcium salt 
0’*H’*CaNO* + 3H*0 is soluble in water, and crystallises with difficulty in needles. 
In a vacuiun hydroxy b on zyluric acid is graidually converted (perhaps with formation 
of an intermediate product, C*=*H*®N*0») into the less hydrated acid which 

in contact with water reproduces the original acid. The calcium salt of the less 
hydrated acid, C'®H*'CaNO*, + 6H‘0, is less soluble than that of normal hydroxy- 
benzyluric acid. A barium salt, C“'H‘’BaNO*, has also been obtained. 

SYl>ltOXl'rBZBBXrZOZC BCZD. C'*H*“0* (Otto, loc, cit.). — Produc^, 
together with glycocine and benzyl alcohol, by boiling hydroxybenzyluric acid with 

2C'«H^»NO^ + H^O = 2C*H*NO* + 2C^H"0 + 

Both in the free state and in its salts it changes, as readily as hydrobenzoic acid, 
into benzoic acid. Its calcium salt dried at 100° has the composition C'*H‘*CaO^ 
The ethylic ether^ C'**H‘'*®0* = C’^H'*(C*H*yO*, is a limpid liquid, boiling at 206°-207^» 
and having an offensive odour, recalling tnat of ethyl benzoate and of elder-flowers. 

BYBBOacrXiAMZirS. NH*0 = N I (Lessen, Zeitschr. f. Chem. [2] i. 551 ; 

iii. 129; iv. 399). — A base intermediate between ammonia and ammonium hydrate, 
produced by the action of tin and hydrochloric acid on ethyl nitrate : 

NO»,C»H» 3H* = NH*0 H*0 + C*H®0. 

A- mixture of 50 pts. ethyl nitrate, 120 pts. tin, and 50 pts. aqueous hydrochloric 
acid of sp.gr. 1*12 becomes hot after a short time, without perceptible evolution of 
hydrogen ; and if the mixture be heated for a few minutes, the tin precipitated by 
hydrogen sulphide, and the filtrate evaporated, sal-ammoniac separates out first, and 
then the very soluble hydrochloride of hydroxylamine, which may be f5reed from 
admixed sal-ammoniac by solution in absolute alcohol and addition of alcohobc 
solution of platinic chloride: the concentrated alcoholic filtrate yields the pwi* 
hydroxylamine hydrochloride in long spicular crystals. ^ . 

Hydroxylamine is also produced when nitric acid is treated in like manner with tin 
and hydrochloric acid ; but it cannot be conveniently prepared in this way, for part 
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of the nitric acid remains undecom posed, and in the subsequent concentration of the 
liquid, this portion, together with the hydrt^hloric acid present, forms nitrohydrochloric 
acid, which decomposes the hydroxylamine. This dociiraposition may indeed be 
prevented by precipitating the tin with sodium carbonate instead of hydmgon 
sulphide, the free acids being thereby neutralised, and the hydroxylamine sail 
remaining unaltered on evaporation ; but the salt thus obtained is the nitrate 
hydroxylamine, which is very difficult to crystallise ami to sopirato from the 
ammonium nitrate likewise present. 

Hydroxylamine may be formed by direct union of nitrogen dioxide ami hvdrtjg. n, 
namely, by passing a stream of nitrogen dioxide through a scries of flasks in which 
hydrogen is evolved by boiling tin with hydrochloric acid, or a scries of glass 
cylinders containing tin and hydrochloric acid, tog<-ther with a little solution of 
platinic chloride, whereby hydrogen is evolved at ortlinarv tcm|M'nitnros. The 
decanted solution freed from tin by hydn^gen 8ulphi<le, and evai>onitcd, yiohls a 
saline mass, consisting of liydroxylamine hydrochloride, sal-ammoniac, amf a little 
ferrous chloride. I'his mass is washed with a little absolute nlctihol to remove the 
ferrous chloride, then boiled with absolute alcohol, which dissolves the hy«lrochlorule 
of hydroxylamine, with only a little sal-ammoniac ; the latter is prt>'cipitate<l hy 
alcoholic platinic chloride; and from the filtrate tlm hydroxylamine salt is precipitated 
by ether in small crystals which are purified by rccryslallisation from absolute 
alcohol (Ludwig a. Hein, Ztiischr. f. Chem. j2] vi. 211). On the prcpnrntion of 
hydroxylamine, sco also Maumenc {Conrpt. rend. ixx. 147 ; 7jciischr. f. Chem, [2] 
vi. 187). 

Hydroxylamine is a very volatile and easily dt?oomposib]e base, and can bo obtaimsl 
only in solution. Its salts are decomposed by potisli, with evolut ion <d’ nitrogen and 
formation of ammonia, quickly in concentrated, gradually in dilute solutions. 
Solutions of hydroxylamine may however bo obtained by il<'comj>o.sing the salts in 
other ways, an alcoholic solution, for example, by decomposing the nitrate dlssolvetl in 
alcohol witl. alcoholic potjish. Alkaline carbonates also stq)arate Ijydroxylniniiio, 
with evolution of carbon dioxide. The solutions liavo an alkaline reaction, and 
precipitate many metallic salts; with the salts of lead, ir<m, nickel, ami zinc, ami 
with chromc-alum and common alum, they form prtK’apitates insoluble in exerss of 
hydroxylamine. With aqueous cupric sulphate, hydroxylamine forms a grass-grccii 
precipitate, which when boiled with water, is reduced, with ovfdution of gas, to 
cuprous oxide; an ammoniacjil cupric solution is decolorised by it. M(^^cu^ic cldoriile 
is reduced to mercurous chloride, and if the hydroxylamine is in excess, to metallic 
mercury. Silver solutions yield a black precipitate, which is quickly reduced, with 
evolution of gas, to metallic silver. It also reduces acid p )tHHMium chromate. In 
many of these reactions the hydroxylamine appears to be cojn]>lelely doo imposed, 
with formation of nitrogen or its monoxide. 

The salts of hydroxylamine decompose when hoatofl, with copious and sudden evolu- 
tion of gas; most of them easily form supersaturated solutions; none of those yet 
examined contain water of crystallisation. The hydrochloride ^ NU‘0. HCl, crystallises 
from alcohol in long spicular crystals roscrahling urea; from water in larges irregular 
six-sidc<1 tiiblcs, monoclinic according to v. I^ing; it melts at 100*^, and then decom- 
poses, with violent evolution of gas, into nitrogen, hydn>chh)rlc Jicid, water, and 
sal-ammoniac. Tha nitrate ^ NH*0 .HNO’, solidifies slowly by Kp<)ntanoquH evapora- 
tion to a radio-crystalline, very deliquescent mass, easily soluble in absolute alcohol, 
decomposing at lOO*^. The Bul}}haie^ 2NH*0 . remains on ovap<jrating a solution 

of the hydrochloride with an ©fj|uivalent quantity of sulphuric acul. It is very 
aolublo in water, is precipitate<l by alcohol in needles, and crystallises by slow 
evaporation in well-defined monociinic crystals, mostly with numerous faoos. 'J'lio 
phosphate^ (NH*0)*H*P0^, is sparingly soluble in ctdd water, and aeparat<^ in sniatl 
cubic crystals on mixing dilute solutions of srslium phosphate and an easily soluble 
salt of hydroxylamine. The acetate, NH*0.C*H♦0^ crystallises from warm absolute 
alcohol in prisms very slightly soluble in water, melting at 87°-88*’. The oxa/ate, 
(NH*0)*C*H*0«, crystallises from water in shining tricliiiic prisms. The picrate, 
NH*0.C*H»(N0»)»0, dissolves easily in water and alcohol, forming red s^dutions ; 
less easily in ether and benzol, crystallising therefrom in lemon -yellow prisms 
melting at 100® 

Hydroxylamine unites directly with hydrocyanic acid, forming a compound isomeric 
^th urea. 

With ethyl oxaHatCy hydroxylamitia forms two acids consisting of C*H*N'0^, or a 
multiple thereof : 

2NHK) -h C*0*(C*H‘)* « C»H*5*0* + 2Cni*0* 

3 A 2 
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One of these acids, called oxalo-hydroxamic acid, separates as hydroxy lainine 
salt, NH“0 . in thin laminse, when an alcoholic solution of 1 mol. ethyl 

oxalate and somewhat more than 3 mol. hydroxylamine is boiled for a few minutes 
and then left to cool. The acid separated from this salt by decomposition 

with hydrochloric acid, forms microscopic prisms sparingly soluble in cold water, and 
detonating at 105°. Its salts are sparingly soluble or insoluble in water, and 
detonate loudly at 130°-180°, or when moistened with strong sulphuric acid. The 
hydroxylamine salt decomposes slowly at 100°, detonates at 105°, and produces on 
paper or on the skin a reddish colour which is removed by the stronger acids. Tlie 
jjotassium salt crystallises fron boiling water in nodular groups of 

crystals ; the sodium salt C^H^Na'-^N^O* in small tables. The calcium salt 
C'^H^CaN^O*, and the zinc salt C'-^H'-^ZoN-O^, are flocculent precipitates, gradually 
becoming granulo-crystalline, and quite insoluble in water. The barium salt, 
perhaps, C*'n"Ba’'N“0'“ (43 p. c. Ba), is nearly insoluble in water, forms microscopic 
lenticular crystals, and is decomj)Ose<l by nitric acid, with formation of oxalic acid 
and carbonic acid (Losseii). 

( OC^H* 

(Lessen, he. 

oil .) — This ethylated base is formed, together with others, in the reduction of ethyl 
nitrate by tin and hydrochloric acid, the hydrochlorides of these bases being contained 
in the last mother-liquors after the sal-ammoniac and hydroxylamine hydrochloride 
have been removed as completely as possible. By converting these hydrochlorides, 
first into sulphates, then into oxalates, three kinds of oxalate crystals are obtained, 
the most abundant of which consist of the acid oxalate of diethyl-kydroxylamine, 
C*H**NO . This salt crystfillises fix)m water in stellate groups of shining 

prisms ; from strong boiling alcohol iij microscopic needles ; when heated it decom- 
poses, with evolution of amrnoniacal vapours. The neutral oxalate,, (C^U^NO)® . C*II-^0*, 
obtained from the acid salt by precipitating half the acid with milk of lime, is 
insoluble iu absolute alcohol, and crystallises from water in prisms apparently mono- 
clinic. By decomposition with zinc sulphate, it yields the sulphate (C*11**N0)*.1I‘'^S0*, 
which is precipitated by ether from solution in absolute alcohol, in very delicate 
microscopic crystalline laminae. The hydrochloride is uncrystallisfible, soluble in 
absolute alcohol, and precipitated thorefrf^m by ether as a syrup. The plathiochloride. 
(C‘‘H“NO .HCl)*PtCB, is soluble in water and in boiling absolute alcohol, and 
separates from the latter in large orangc-red crystals. A phosphate, (C^H'*NO)*II*PO\ 
obtiiined by neutralisation, crystallises from water in prisms, from strong boiling 
alcohol in capillary needles. 

The base 0‘‘IP‘N0, separated by mixing any of ita salts with potash-ley, agibiting 
with ether, and evaporatirjg the ethereal solution, forms a strongly alkaline, miki- 
tasting syrup, easily soluble in water, and not easily volatilising with aqueous 
vapour. Its aqueous solution forms with ferric chloride, chromo-alura, cobalt nitnitc, 
and lead acetate, precipitates insoluble in excess ; with cupric sulphate, a bluish- 
white precipitjito soluble in excess with violet-brown colour; it reduces silver nitrate 
on adding potash and heating ; with mercuric chloride in the cold it forms a cloud, 
which dissolves very easily in excess, the solutioa yielding a copious precipitiite on 
boiling. 

The formation of diethyl-hydroxylamino is probably preceded by that of ethyl- 
hydroxylamine, as shown by the equations : 


and 


NO^OC*H» + Sm = 2IPO + NH2(OC*H'‘) 

Ethyl nitrato. Ethyl-hydroxyl- 

amine. 


2NH*(OC2H^) 

Ethyl-hydroxyl- 

aminc. 


NH2(OH) + NH(C*H^)(OC»H*) 

Hydroxyl- Diethyl-hydroxyl- 

amine. amine. 


Slbeiixbydroxylamlde. N(C'H®0)®0H (K. A. Heintz, Zeitschr.f. Chem. [2] v. 
733). — Produced by heating dry hydroxylamine hydrochloride with twice its weight of 
benzoyl chloride to 110° for twelve hours in a vessel from which the air is excluded. 
On treating the brownish product with boiling water, as long as benzoic acid is thereby 
dissolved, there remains a heavy oil which solidifies on cooling, and dissolves for the 
most part in cold aqueous sodium carbonate, forming a solution from which hydr^ 
chloric acid throws down dibenhydroxylamide as a white fiocculent very bulky preci- 
pitate, to be purified by repeated crystallisation from alcohol. 

Bibenzhydroxyl amide is insoluble in cold, nearly insoluble in boiling water, but 
easily soluble in alcohol, ether, carbon bisulphide, cWoroform, and benzol. From its 
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solutions, which have an acid reaction, it may be obtained in shining white needles, 
sometimes 2 or 3 centimetres long. It melts with decomposition at giving 

off colourless vapours which strongly attack the mucons membranes. It dissolves 
very easily in alkalis, but the resulting compounds have not been obtained in definite 
form. 

Tribonxliydroxylamlde, N(C’H'0)'-*(0C^1P0), is obtained, t.hot^li not quite 
pure, by crystallising from alcohol the portion of the product of the action of benzoyl 
clilorido on hydmxylainiiio hydrwbloride which is in.soluble in cold aqueous sixlium 
carbonate. It crystallises in small, while, extremely light needles, W’hich molt at 
1 13°-145®, and ma}' be heated to 210*^ without decomposition. 

lk>th di- and tri-benzhydroxylamide are deconii>os<d V>y boiling wdth caustic or car- 
Inmated alkalis, the resulting solutions yielding witli !iy‘lro<‘hloric lU’id a precipitate of 
benzoic acid (K. H. llointz, loc. cit.). 


BYBKOXYXt-BXintlST. Sec the next arliclo. 

KXBJtOXTZi-irRBil.. CII^N={)= = 0IP(IU))N'’O (Dressier a. Stein. Znischr,/, 
Cfit m. [2] V. 202). — Prmluced by transformation of hyilroxy lamine cvaiiaie, whieh is 
formed by double decomposition (d' jMvtassium cyanate with a salt of hydroxylamine, 
bejst with the nitrate. A qviaiitily of hydroxy laiuiue sul})liato equivaltinl to that of 
the potassium cyanate to bo used, is decompo.sed with barium nitrate; the fiUertnl 
solution of hydroxylamine nitrate is evaporated to a syrup at a very gentle heat; this 
svrup is dissoh'cd in 2 or 3 vol. of perfoeLly ahsolnte alcohol ; the liquid coole.l to 
betw'ecn — 10° and — 15° ; and the potassium eyamite, dissolvetl in the smallest jh)s- 
sildo quantity of cold water, is a<Mod by successive portions, the atldit.ions being 
discontinued tis soon as the temperature of the mixture has risen to betwei n 4 5° and 
+ 10°, till it has again been cwled to — 10°. Hy proceeding in this manner the 
solutions may bo mixed without perceptible evolution of gas or formation of ammonia. 
A sample of the solution filU^rod freun the separatiMl saltpetre is then txi he rnixeil with 
absolute ether, and if a watery layer then separates, more absolute alcohol must l»o 
added to the liquid till ether no longer soparjitoe iv watery li(jni<i, but only a crystalline 
precipitate (cbielly saltpetre). The alcoholic solution is then b) bo mixed with abont 
I j time its Volume of ether, the liquid again filtered as rapidly as possible, wirofullv 
evajv)rated over tlio water-bath te a small volume, and the liyalroxyl-uroa which 
separates on ctx>ling, purified by rocryst alii sat ion from absolute alcohol. 

Hydroxyl-urea is very soluble in water; crystallises on cooling from boiling alcoholic 
solutions in needles or rosette -shaped aggregations ; tlissnlvcH b'ss easily in cold abso- 
lute alcohol; and is precipitated from the latter by ether in microscopic rhombic 
laminae, hav'ing tlioir acute angles pjirtially truTicate^d. Its solutioiiH arc neutral to 
litmus-paper. It melts at 128°-13fi°, and is decornpowd by prolonged fusion, giving 
off gas, yielding a sublimate of amnionium carbonate, and leaving a residue ehiefiy 
consisting of ordinary urea, which at higher temperatures yields its usual products of 
decomposition. Hydroxyl-urca is decompo8e<l by l>oiling 'potank-ici/ ^ with evolution of 
ammonia; by fuming nitric acid, with abundatit evolution of gas. A solution of 
bvdroxyl-urea mixed with silvir nitrate iH'comes turbiil after a while, from separation 
of silver, and yields a silver sp<ieulum when lioat+^l ; mhlition of ammonia causes 
immwliate reduction. Heated solutions of hydroxyl-urea reduce mircurw oxide to 
metal, chromic acid to chromic oxide, cupric oxide on addition of pf>tash to cuprfaiH 
oxide. Ferric chloride colours the solution of hydiMxyl-urea deep blue-violet; in 
aqueous solution the colour disapj^ears quickly on standing, still more quickly on 
boiling ; in alcoholic solution it is permanent, and with excess of ferric cldoride nearly 
black, or in dilute solution dark green; all these colours are destroyed by addition of 
hydrochloric or nitric acid. 

Salts of hydroxyl-urea have not yet been obtiiinotl, its sidution in nitric or Iiydro- 
chloric acid decomposing even by spontaneous ovapf>ration over sulphuric acid. 

Bydroxyl-b&oret (?). C*H‘N*0* (Dressier a. Stein, loc. When modcmc/dy 

ooncentrat^ed aqueous solutions of hydroxylamine sulphate and potassium cyanate aie 
mixed together, the poUssium sulphate precipitated by absolute alwhol, the alc+diofc 
solution carefully concentrated over the water-bath, then mixed with ether, and the 
decanted ethereal solution partially distilled and then left to evaporate over sulphunc 
acid, gases and ammonia are evolved, indicating decomposition, ^j^*”^'***? * 
crystalline mass remains, wh-ich after recrystallisation from hot a^ihol of off p. c. nas 

the Cf>mposition C®1DN*0*. . , , , i u ^ t '.. 4 . 

This Qly contains the elements of 2 mol. cyanic; acid and > mol. hydroxylamine 
and may be formed cither by direct combination ; 2CHNO -f NIf O »» 
by separation of 1 mol. hydroxylamine from 2 mol. hydroxyburea : 2CH N O -- 
NH’O « Empirically it has the comiv^sitron of hydroxyl -bmret, 
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C^II^(H0)N*0*. It disBolves in water and in aqueous alcohol, especially when wanned 
but only slightly in absolute alcohol, oven at the boiling heat. From the alcoholic 
solution, it is separated by ether in microscopic four-sided prisms, apparently obliquely 
rhombic. Its solutions are neutral to litmus-paper. It melts at 134°, and then 
decomposes suddenly, with phenomena similar to those which accompany the decompo- 
sition of hydroxyl-urca. Potash and fuming nitric acid act upon it as upon hydroxyl- 
urea. With silvtr nitrate it forms, on standing or warming, a white flocculent 
precipitate which dissolves in ammonia, the solution being gradually reduced in the 
cold, quickly on heating, with formation of a silver speculum. When a solution of 
hydroxyl-biuret is heated with cupric oxide not in excess, the two unite, forming light 
green microscopic capillary needles. Alkaline cupric solutions and mercuric oxide are 
reduced by it on heating. With ferric chloride it does not yield any characteristic 
reaction. 

A solution of hydroxyl-biuret in dilute hydrochloric acid evaporated over sulphuric 
acid, leaves a mixture of hydroxyl-urea and ammonium chloride ; the hydrochloric 
acid has therefore eliminated 1 mol. cyanic acid from 1 mol. hydroxyl-biuret : 

- CHNO = 


H'S’OSC'Y’ikXVfZXarXS. On the preparation and properties of this alkaloid see 
Pennard {N, Bepert. Pharra. xvii. 91 ; Jahresh. 1867, p. 529). 

According to Hbhn a. lleichardt {Ann. Ch. Pharm. clvii. 98), hyo.scyamino has the 
composition and is resolved by boiling for several hours with saturated 

barytfv-water into an acid (liyoscinic acid) isomeric with plilorotic acid, and a base 
(hyoscine) : 

C‘^H«NO» = -h C«n>»N 

H^'oacyamine. Hyoscinic Hyoscine. 
acid. 


Hyoscinic acid crystallises in long glistening needles, meltjs at 104°-105°, and smells 
somewhat like benzoic acid. It is monobasic, its barium salt containing (C‘'lI®0=*)'^Ba 
2WO. 

Hyoscine was obtained as an oily liquid having a strong alkaline reaction, and 
crystallising over sulphuric acid. Its platinochloride contains 2(C®II‘*N.HCl) .PtCI*. 


HYPZiRSTHZSVrZi from Farsund yields by analysis 47 81 p. c. SiO^ 10’47 APO®, 
3*94 Fe'-^O®, 10 04 FoO, slight traces of manganous oxide, 25*31 MgO, and 212 CaO 
( = 99 69) : hence the formula 6M"SiO® . AlFeO® (A. Pomel6, Zcitschr.f. Ckem. [2] iv. 
412). 


HTPOOJEzc .aczi^. C*‘’H®W= 


Ci«H2"0 

H 


(0 = 


COOH. — The derivatives 


of this acid have been examined by H. Schroder (Ann. Ch. Pharm. cxliii. 22). To 
prepare the acid itself, and separate it from the aracliidic and oleic acids by which it 
is accompanied in earthuut oil, the mobile straw-yellow oil extracted by carbon bisul- 
phide from the seeds of Arachis hypogcea is saponified by boiling for several hours 
with dilute soda-loy ; tlie white inodorous soap is decomposed by hydrochloric acid ; 
the mixture of fatty acids thereby separated is dissolved in the exact quantity required 
of hot alcohol ; and the solution is evaporated, this treatment being repeated till the 
alcoholic solution no longer deposits crystals on cooling. On finally evaporating it in 
a current of hydrogen, pure hypogseic acid remains in small white crystals molting 
at 33°. 

Hypogaeic Dthromide^ C*®H’®Br®0*, is formed by direct combination of hypogteic 
acid with 1 mol. bromine. To prepare it, bromine is dropped slowly, and with constant 
stirring, into hypogaeic acid cooled with ice, till the colour of the bromine becomes 
ponnn nent ; and the crude product, which has become syrupy, is left for some time in a 
cool place to allow any excess of bromine to evaporate. It is then saponified in the 
cold with the exact quantity of potash-ley required ; the gelatinous soap is dissolved 
in alcohol ; and the solution, diluted with water and filtered, is decomposed by hydro- 
chloric acid. The buttery compound thereby separated is washed with water till the 
acid reaction disappears, and then dried in a vacuum. Hypogaeic dibromide is solid, 
uncrystallisable, yellow or brownish, molts at 29°, and is easily dissolved by alcohol 
and ether, but is insoluble in water. It is very unstable, and decomposes even during 
saponification if this process is performed with concentrated potash-ley or an excess of 
it, or if it is aided by heat. Its salts are uncrystallisable and difficult to prepare. 

Bromohypogaeic acid^ C'®H^BrO*, is produced by heating the dibromide in 
alcoholic solution with 2 mol. potasshim hydrate : 


Ci«H»®Br‘^0* -f KHO = KBr H®0 + C*«H=®BrO*, 
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To complete the transformation, the acid thus obtained must be heated for several da^’s, 
and finally to the boiling point, with a considerable excess of strong potash-ley, which 
process however is unavoidably attended with furtlier decomp^ition. The bromiuated 
acid is separat^ from the alkaline liquid by hydrochloric acid, as a viscid oil which 
gradually solidifies, but for the reason just mentioned is not quite pure. It melts 
between 19® and 23®, has a fruity odour, and is easily soluble in alcohol and other. 
It unites directly with bromine, forming, when that substance is slowly added to ih 
and the temperatvire is kept low, bromohypogaeic dibromido, C‘*H**Br*0* 
(isomeric or identical with tribromopjilmitic acid), which when freed from excess of 
bromine by exposure to the air and dissolved in ether, remains, on leaving the ether 
to evaporate (finally in a vacuum), as a solid, yellowish-white, non-crystalline substance 
soluble in alcohol and other, melting at 39®. 

At higher temperatures, hypogaeic dibromido is decomposed by alcoholic potash, with 
elimination of 2 mol. HBr, and formation of pal mi to lie acid, which also 

unites directly with bromine, forming palmitolic dihromide, and with 

excess of bromine in sunshine, the tHrahromide C'*ir*'*Br*0*, which crj-stallises from 
alcohol in laminse. The dibromide heated with alcoholic p<jtash is converted into 
hromopalmitdxc acid, (See Palmitolic Acrn.) 

Oxy hypogaeic acid, C'*IP*0’, is formed by triturating hypoganc dibromido 
with excess of recently precipitated silver oxide and a small quantity of water. On 
adding more water, boiling as long as silver bromide continues to fonn, and heating 
the mass for some time with hydrochloric acid, oxyhypogwic acid is separated as an 
oily layer, which solidifies in the cold, and after washing with water, solution in 
alcohol, and evaporation of the solution, remains ns a white mass, melting at 
34®, but always containing small quantities of dioxy palm iti c acid, 

( = + H*0), into which indeed it is converted by proh»nge<l boiling with 

ixitash-ley or with water and silver oxide. Bioxypalmitic acid crystallises l*y slow 
evaporation of its hot alcoholic solution in white crystalline lamina? melting at 116®. 
(See Palmitic Acid.) 

Ga'idic acid, which is related to hypogmic acid in the same manner us elaidic to 
oleic acid, is most advantageously prepared by cautiously heating hypogaeic acid with 
nitric acid of ordinary strength till vapours of nitrogen tetroxido be^in to escape, then 
immediately cooling, rcmelling the solidified mass several times in hot water, ami 
purifying it from a simultaneously formed oil by repeatod crystallisation from alcohol. 
It melts at 39®. Gaidic acid likewise takes up a molecule of bromine, forming a 
crystallisablo dibromide, which is decomposed by alcoholic potash, like the isomeric 
dibromide of hypogaeic acid, though only at a higher temperature, yielding palmitolic 
acid. Sodium gdidate crystallises, by slow evaporation of a solution in very dilute 
alcohol, in white anhydrous laminae (Schroder, loc. cit.). 

KTPOOAILXtZO A.CX1>. C’U'O*. — On the preparation of this acid from hemi- 

pinic acid, see Liechti (Ann. Ch. Pharm. Suppl vii. 129 ; Zeitsekr. /. Chem. 196). 


1 


nsSU Paraguay tea (Rex paragiutyensis) contains, according to Strauch (flahrettb. 
1867, p. 770), in 100 pts. 
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Salta . . . • 

. 2*830 

Sand . . . . 
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Protein-substances 

The ash (after deduction of sand) was found to contain *. 
K*0 Ka*0 CaO MgO FeJiT BIO* ^ 

26'84 7*67 23*62 14*82 1*06 4*63 7 86 9 49 

• With chlorophyU and wax. 
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ILMENIUM—INDIRETIN. 


ZXillfeBSriinMC. For Hermann’ti inrestig<itions of the compounds of this element 
which he supposes to exist, together with tantalum and niobium, in tantalites, &c.' 
and for the criticisms of Marignae thereon, who regards Hermann’s analytical methods 
as defective, and the separate existence of ilmenium as by no means proved, see 
*7. pr. Chem, xcv, 65 ; xcix. 30, 279, 287, 290 ; ci. 469 ; cii. 399 ; cxi. 373 ; Zcitschr. 
f. Chem» [2] iii. 124, 125, 398 ; iv, 91 ; v. 311 ; Jahresh, 1865, p. 209 ; 1866, p. 207 • 
1867, p. 209; 1868, p. 216). 

ZXrozoo. When indigo-blue is heated with tin and hydrochloric acid, a compound 
of indigo-white with stannous oxide is first formed, as a green powder which, on 
further heating, is converted into the yellow tin-compound of a further reduced 
indigo. This last compound, on account of its extreme oxidability, has not yet been 
isolated ; in contact with the air it is immediately converted into a red body, soluble 
in alcohol, and resembling the condensation-products allied to indin. It is remarkable 
that this more completely reduced indigo cannot be reconverted into indigo-blue, 
although the first reduction -product, viz. indigo-white, immediately passes into indigo- 
blue in contact with the air. When the yellow tin-compound is triturated to a paste 
with water and zinc-dust, a green pulverulent mass is formed, the tin-compound being 
apparently converted into a zinc-compound, and this green substance when heated 
yields a considerable quantity of indol, C**n’N. The loss of colouring matter in tlio 
indigo-vat is perhaps duo to the formation of the more highly reduced compound 
above mentioned (Baeyor, Detit. Chem, Ges. Ber. 1868, p. 17 ; Zcitschr, f, Chem, [2] 
iv. 200). 

On the reduction of indigo-blue by stannous chloride and cuprous chloride, see 
C. D. Braun {Zeifsekr. anal. Chem. vi. 74; Jahresh. 1867, p. 729); by cobaltons 
nitrate and ammonia, with simultaneous formation of roseo-cobaltic chloride : Cohait 
Basks, Ammoniacal (p. 477). 

Indigo-blue heated with 80 times its weight of saturated aqueous hydriodic acid is 
completely decomposed, yielding, as normal pr<xluct, octane, C^H'*, together with 
larger quantities of methane and heptane (Bertholot, Jahresh. 1867, p. 348). 

For the valuation of commercial indigo-blue, Leuchs {Zeiischr. f. Chem. [2] v. 159) 
converts it into indigo-white by digestion with ferrous sulphate and milk of lime, mixes 
the clear solution, acidulated with sulphuric acid, with a solution of ammonio-ferric 
sulphate, and determines the quantity of ferrous salt thereby produced by means of a 

normal solution of potassium chromate. The conversion of indigo-white into 
indigo-blue by ferric salts takes place as shown by the equation : 

C'«H‘*N«02 -j- Fo«0» « 2FoO -i- H^O -i- C 

1-31 grm. of the sample of indigo is mixed, in a tall cylindrical well-closed vessel, 
with a quantity of lime and solution of ferrous sulphate occupying 300 cub. cent. ; 
100 c. c. of the clear solution are then added to 66| c. c. of a solution of ammoniac.il 
iron-alum acidulated with sulphuric acid ; the liquid is filtered, and 100 c. c. of it 
titrated with the Toth chromo-solution. If the latter be added from a measuring 
tube divided into | c. c., each division will corre.spond to 1 p. c. indigo-blue in the 
sample under examination. 

Yellow Colouring Matter from Indigo, — Bengal indigo, either crude or purified, 
yields by sublimation a small quantity of a golden-yellow colouring matter, apparently 
free from nitrogen. It forms long needles which volatilise at about 130^ ; is 
nearly insoluble in water, very slightly soluble in alcohol, more easily in soda-ley, 
strong sulphuric acid, and nitric acid. The greenish-yellow alcoholic solution is 
decolorised by soda-loy (but not by ammonia) ; the solution in nitric acid is yellow 
(Bolley and Crinsoz, Zcitschr. f. Chem. [2] ii. 673). 

ZxrBZZtBTZK'. C’*H'*N'-^Ob — A resinous substance produced, together with 

dioxindol, by the action of alcoholic potash upon isatane (p. 734) ; also by boiling 
isatin with tin and hydrochloric acid. By removing the tin with hydrogen sulphide, 
neutralising the filtrate with sodium carbonate, adding caustic soda till it turns yellow, 
agitating with ether, dissolving the evaporated residue of the etliereal extract- m 
alcohol, and decolorising with animal charcoal, indiretin is obtained in the form of ft 
resin, which gradually solidifies to a mass of prismatic needles, easily soluble m 
alcohol, ether, and potash, and precipitated from the latter by acids. The solutions 
smell like benzoic ether, and oxidise on exposure to the air. The silver-compound 
sopamtes in yellow scales on mixing the alcoholic solution with 
ammoniacal silver nitrate (Knop, J, pr. Chem. xcvii. 66). 

The name indiretin is also applied by Schunck to a resinous body, C’*H'’NO , 
produced, together with others, by the action of sulphuric acid on indican (iii. 268). 
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SlB’l>n3rM. Atomic JVei^ht, 76*63. Symbot, In. Bivnlent, belonging to tho 
jn!\#?n©sium group. 

This metal, discovere<i in 1863 by Reich a. Richter (iii. 268), has since been further 
examined by the same chemists (J. pr. Chtm, xcii. 180 ; Chrm, Arte,s x. 219 ; 

1864, p. 240 ); also by C. Wiiikler (J. pr. Chem. xciv. ] ; Ch* m. News, xi. 289; 
Jahresb. 1866, p. 231 ; J. pr. Ckem, cii. 273; Jiutl. Chini. [3] ix. 207 ; Jahrab^ 
1867, p. 260 ) ; by Bbttgcr (•/. pr. Chem. xcviii. 26 ; cvii. 39 ; liuH. Soc. Chtm. [2] vi. 
462 ; Jahresb. 1866, p. 222 ; 1S6H, p. 240) ; and by R. K. Meyer {Avn. Ch, Pharm. cl. 
137 ; Bull. Soc. Chim. [2] x. 18, 360; Jahresb. 1868, p. 241), 

Indium is an extremely rare metal, occurring alu ays iti very small quantity, asso- 
ciate with zinc and other mcbils, frtuu which it is separated with difliculty. It was 
originally discovered in the zinc-blende of I'reiborg, and has since been found by 
Rbltger in the iliio-dust of tho zinc- furnaces <»f the Jtdius \v<*rks at Goslar in tho 
Hartz (to tho amount of about 01 p. c.) ; by Winkler in tlie black blcmle (christophitc) 
of Breitenbrunn in Saxony (0 0062 p. c.) ; by lloppe-Soyler {A?in. Ch. Vharm. cxl. 

2 17) in small quantity, together witl\ zinc, in the w’olfrain of /.innwald, atul in another 
sjH'cimen of wolfram of unknown origin; and by Koehler (rAr/zro/i. 1K66, p. 231) in 
tho blende which occurs in tho steatite (unitrix of tin-stone) of Selibnfeld, m ar 
Sehlaggonwald. 

Krtracdon . — Indium is more easily preparo<l from crude metallic zinc than from 
tho original ore, as it passes OA’er in the distillate obtained in the metallnrgic tlis- 
tillatiou of tho ore, but, not being very volatile, accumulates in the <listilled m»4jil 
more abundantly than in tho zinc-dust, wdiieh is tho first product of the distillation. 
Winkler prepares it by tho following methods, depending upon its precipitation in tho 
metallic state by zinc, as oxide or carbonate by barium carbonate, and as basic 
sulphate from solutions containing sulphuric acid hy boiling watli sodium iicetato. 

a. Granulated Freiberg zinc, which contains 0*0448 p. c. indium, together with small 
<luMntitics of load, arsenic, cadmium, and iron, is <ligesLetl w’itli dilute sulphuric or 
hyilrtxdiloric acid till it is nearly (but not coiniiletely) dissolved ; tho liquid is heated 
as long as it continues to give offgas ; the residual metallic sponge, consisting chictfly 
of lead, but containing also tho whole of the in<li\im, together witli arsenic, cadmium, 
and iron, is dissolved in nitric acid; the greater part of tho lead is })recipitated l>y 
sulphuric acid; and the filtered liquid, after being freed from all the mebils prccipit- 
able by hydrogen sulphide from aciel sohititm, is heated with potassium chlorate to 
convert the ferrous into ferric suit, and then precipitated with excess of ammonia. 
Tho washed precipitate of indium oxide containing iron and z.inc is flissolved on tho 
biter in warm dilute acetic acid, find tho indium (together witli a little iron and zinc) 
is precipitated from tho filtmte tis suljihide l>y suljjhydric acid. To purify it, tho 
jirccipitiite is dissolved in dilute hydrochloric acid ; the suljjhydric acid is expelled by 
warming ; the cooled liquid is ttgitatod Be\"eral times in a closed vessel witli barium 
carbonate, whereby the indium oxide is complebdy precipibited in a few minutes ; the 
washed precipitate is treated witli hot dilute sulpliurie aci<i ; and tho pure indium 
hydrate is precipibvted from the filtrate by ammonia. — 3. The metallic sptingo 
rcauaining after treating tho impure zinc with dilute sulphuric aci<l may also bo 
triturated to a paste with an equal weight of strong sul])huric acid ; tho mixture left 
to itself till it becomes a dry friable mass ; this mass lieated to dull redness to expel 
the excess of sulphuric acid, then pulverised and thrown intx> cold water; the water 
gnulually heated to the boiling point; the solution fillerod fr(»m tho lead sulphutx\ 
and procipituted by exces.s of ammonia: and the prcci}>itato of forruginons indiuTii- 
oxide treated as above, or in the following manner; The solution of the crude oxide 
in hydrochloric acid is mixed with an equivalent quautily of soilium chloyide and 
t vaponited to dryness ; tho residue is dissolvetl in a large quantity of cold water ; tlui 
solution satumted with hydrogen sulphiilc, whereby tlio greater part ot tho indium is 
separatxid 9uarly free from ir^m; and the acid filtrate is evaporated tx) dryness and 
treatwi in like manner ; after the thinl precipitation the solution retains only traces of 
indium, together with ferrous oxide. (Soc also Bbttger, Jahresb, 1808, p. 240.) 

To detect indium in zinc-blende, and prepare it therefrom, Winkler precipitates the 
hydrochloric acid solution of the roasted ore with metallic zinc at tho lulling heat; 
di.seoIve8 the precipitate in nitromuriatic acid ; removes tho arsenic, cadmium, &c., by 
hydrogen sulphide ; and precipitates tho indium as oxide by bariuin carbonate, ^py 
iron that this precipitate may contain is removed by rwissolution, heatinjp; with 
s^iflium sulphite, and digestion with barium carbonate in a closed vessel. The indium 
may also bo precipitate<l from the original solutions either directly by bariuin car- 
Iwmate, or from a solution containing sulphuric acid, by neutralisation with i^ium 
ctirbonate till a precipitate l>cgins to form, and addition of sodium acetate ; it is then 
precipitated as a basic sulphate containing zinc. 



730 


INDIUM. 


Bottger prepares indium from the flue-dust of the Julius zinc-furnaces at Goslar 
(containing 0*1 p. c. of the metal) as follows. Six or eight pounds of the dust, also 
containing copper, iron, zinc, cadmium, arsenic, and thallium, together with charcoal 
and foreign substances derived from the chimneys, is boiled for half an hour with 
hydrochloric acid ; the solution is strained through linen ; and after it has been clarified 
by standing for some time, plates of zinc are immersed in it for about six hours, the 
liquid being continually stirred. The metallic precipitate thereby formed, containing 
copper, arsenic, cadmium, thallium, and indium (and perhaps also lead), is collected 
on a double filter, freed from the adhering ferruginous liquid by careful washing, then 
boiled for half an hour with a concentrated solution of oxalic acid ; and the hot mix- 
ture is diluted with a large quantity of hot water, and filtered. The solution containing 
the oxalates of cadmium, t^llium, and indium is supersaturated with ammonia; the 
gelatinous precipitate of indium hydrate is repeatedly boiled with ammonia to 
separate the cadmium and thallium still remaining, and washed till it no longer 
exhibits the spectrum of thallium. The indium oxide thus obtained is mostly pure ; 
any iron that it may contain may be removed by Winkler’s method. 

According to Meyer, the separation of the last traces of lead and iron from indium 
oxide by Winkler’s method is not complete. Meyer prefers the following method, 
based upon the reaction of indium salts with potassium cyanide. The solution of 
indium sulphate, previously freed from the greater part of the iron, is mixed with 
potassium cyanide till the bulky precipitate at first formed is redissolved, then diluted 
with water to ton times its volume, and heated to the boiling point, whereby the whole 
of the indium is separated as pure hydrate in the form of a heavy, amorphous, easily 
washed precipitate, whilst the iron remains dissolved as potjissium ferrocyanide. A 
trace of lead which adheres to the precipitate can only bo removed by dissolving it in 
sulphuric acid, expelling the excess of that acid by evaporation, and treating the 
residual sulphate with alcohol and a few drops of sulphuric acid, whereby the indium 
sulphate is dissolved, while the lead sulphate remains behind. 

Metallic indium maybe obtained in small quantities by reducing the oxide 
with hydrogen ; its reduction by charcoal or carbonaceous fluxes requires a very high 
temperature and entails loss by volatilisation. For the preparation of larger quan- 
tities, sodium is the best reducing agent. The finely pulverised oxide is mixed in a 
porcelain crucible with an equal weight of sodium cut into thin slices; the mixture is 
covered with previously fused sodium chloride ; and the porcelain crucible, placed 
within a covered earthen crucible, is heated in an air-furnace, moderately at first till 
the reaction is ended, and then to redness. On breaking up the mass when cold, a 
regulus of indium containing sodium is found, from which the greater part of the 
sodium may bo separated by immersing it in cold water, pressing it together after the 
violent evolution of hydrogen is over, washing it with water, then with alcohol and 
ether, heating it in a porcelain crucible, and fusing it with potassium cyanide. 
The regulus thus obtained is brittle, of the colour of nickel arsenide, and still 
contains sodium. For further purification, a lump of the metal weighing 1 or 2 
grams, and previously warmed, is dropped into a layer of fused sodium carlxvnate, 
about 2 millimetres deep, in a porcelain crucible. It then quickly liquefies, gives off 
vapours of sodium, and becomes covered with a film of indium oxide. If the flame 
be then removed, and the crucible left to cool, a pure and perfectly malleable regulus 
of indium is obtained. The reduction of indium chloride with sodium does not 
yield good results (Winkler). Bottger precipitates the indium by zinc, presses the 
spongy metal in hot water, then between filtering paper in a screw-press, and finally 
melts it with potassium cyanide. 

Properties . — Indium is a silver-white metal, soft, ductile, compact, and destitute of 
crystalline structure. Its specific gravity is 7*421 at 16 8®, and is not altered by 
hammering or rolling. It melts at 176® without oxidising in contact with the air, 
but at a higher temperature it becomes covered with a grey film of suboxide, which 
subsequently exhibits iridescent colours and is finally converted into the yellow 
monoxide. At a bright red heat the metal burns with a violet flame and brown 
smoke, forming the same yellow oxide. It is much less volatile than cadmium or 
zinc, and cannot be distilled in a glass tube in a stream of hydrogen ; moreover, the 
hydrogen which has passed over it does not burn with a blue flame. Its electrical 
relation to cadmium and zinc is represented by the series 
-In Cd Zn-H 

hence it is precipitated from its solutions by cadmium as well as by zinc, and is leM 
easily oxidised than either of these metals in air containing carbonic acid. It 
slowly dissolved bydilutp sulphuric and hydrochloric acid, with evolution of hydrogen, 
quickly by strong hydrochloric acid ; oxidised by nitric acid with evolution of 
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nitrogen dioxide ; and couTertod by strong sulphuric acid into a pulverulent anhydioot 
sulphate. ^ * 

The spectrum of the indium flamo exhibits, besides the violet line ci and the blue lino^ 
(iii. 268), two fainter blue lines, if the burner be fed with hydrogen gns under pressure, 
instead of coal gas (Winkler). The wave-length of tho a lino is 0 000456 mm. 
(J. Miillcr, PhiL Mag. [4] xxx. 76). 

Beaciions. — Hydrogen sulphide precipitates indium completely from a solution of 
its acetate, and from neutral solutions of indium salts in general ; from solutions 
slightly acidulated with a mineral acid partially, and from strongly acid solutions not 
at all ; but an acid solution of an indium ssdt saturated witli hydrogen sulphide 
becomes turbid on dilution and deposits indium sulphide. Tho lemon-ycllow to 
liery-yellow precipitate heated with ammonium persulphide turns white, sometimes 
dissolves partially, and sepiratos on cooling as a white bulky precipitate. A sidution 
of indium oxide in ammonium carbonate is also precipitated by hydrogen sulphide. 
(See further, p. 733.) 

Ammonia^ neutral sodium carhonaie^ and acid sodium carlumaie prtnluce white 
precipitates (in tho last case with evolution of carbon dioxide) insoluble in excess of 
the precipitant; tho presence of Uirtaric acid prevents the jirecipitation by ammonia. 
Caustic potash and soda produce a white precipitate of iiulium hydrate, soluble in 
excess, but tho solution gradually becomes turbid at ordinary temperatures, and 
immediately on boiling or on addition of sal-ammoniac. Ammonium carluynate also 
produces a white precipitate soluble in excess, an<i repreoipitated on boiling. Barium 
carbonate precipitates indium completely. B(>diu7n phosphate forms a white pre- 
cipitate, soluble in caustic potash, but separating again immediately from the solution. 
Potassium monochromaie forms a yellow precipitate. Oxalic acid forms a crystallino 
precipitate in concentrated neutral indium solutions, but tho precipitation is never 
comploto. Potassium cyanide forms a white prt^ipitate of indium cyanide, solulde in 
excess, and forming a solution from which all tho indium is precipitated on boiling in 
tho form of hydrate. Potassitim ft rrocyanide Uivms a white ]irecipitate ; tlie./<m- 
cyanidc^ potassium dichromate^ and tincture of galls do not i)recipitato imlium salts. 

Quantitative Estimation . — Indium i.s most conveniently (‘.stimnted by precipitating 
it as hydrate with ammonia, dissolving tho wuslicd prccijiitato in hot diluto nitric 
acid, evaporating, igniting, and weighing tho oxido thus obtained. The ignited oxide 
is not hygroscopic, and does not increase perceptibly in weight, even after prolongiMl 
exposure to moist air. For exact determinations it is not advisable to ignito the 
precipitated oxide, on account of tho loss attending tho burning of tho filter. 
Precipitation by hydrogen sulphide does not give exact result.s, (»ii account of tho 
solubility of the indium sulphide. 

For tho exact quantibitive ser>aration of indium from iron, tlio following process 
must bo adopted. The ignited oxides aro weighed together, and converted into 
sulphates (which, if much iron is present, is best enected by fusion with acid 
IKitassium sulphate) ; the solution, at tho boiling heat, is nearly neutralised with 
sodium carbonate ; the free carbonic acid expelled by boiling; and the solution, when 
quite cold, is mixed with a quantity of polassiutn cyanide sufficient to produce a 
strong alkaline reaction. The solution, coloured rod by formation of potassium 
ft' rri cyanide, is diluted to ten times its volume, and heated to boiling (whereupon tho 
ferricyanide is reduced by the excess of cyanide to ferrocyanide), and the precipitatetl 
indium oxide is further treated as above. In the liquid filtered therefrom, and 
evaporated, if a non-ferruginous potassium cyanide has been used, tho iron may bo 
estimated with concentrated sulphuric acid (Meyer). 

Atomic Weight . — By converting the pure metal into anhydrous oxido, InO, the 
atomic weight was found, in three experiments, to vary between 75’67 and 75'7o. By 
decomposing sodio-auric chloride with pure indium, and determining the quantity of 
gold thereby precipitated, the atomic weight of indium was found to bo 75*46 and 
75-60. Mean of all the experiments ; In »» 75’ 63 (Winkler). 

Compounds of Indium. 

Bromide. InBr*.— Formed by heating metallic indium with rather more than 
on equivalent quantity of bromine in an atmosphere of dry carlwn dioxide, ara 
distilling off the excess of bromine. It is white, crystalline, and easily volatils 
(Meyer). 

emoride. InCl*. — Indinm immersed in chlorine gm b^mes corered at ordinafy 
tempetatures with a white film ; when heated in chlorine it m e l t e to a blown miMt. 
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* higher temperature burns with a yellow-green light, forming indium 
This compound sublimes without fusion at an incipient white heat in soft 
; in contact with the air it sublimes with partial decomposition, and 
... of non-volatile oxychloride. The same decomposition takes place in tho 

aqueoSisolution when evaporated at a temperature above 100* (Reich a. Richtor; 
Winkler). 

Indium chloride forms double salts with the chlorides of the alkali-metals. Tho 
amTnonium salt^ 4NH^C1. SlnCl* + 2H'^0, separates on evaporating a solution of 
equivalent quantities of indium oxide and sal-ammoniac, in small shining easily 
soluble crystals, permanent in tho air. The potassium salt^ 2KCl.InOl* -h H-0, 
crystallises, together with potassium chloride, from a solution of equivalent quantities 
of its component salts, in thin plates which gradually change into six-sided prisms 
belonging to the quadratic system, and exhibiting the combination coP . ooPo© . oi’, 
with P subordinate. Ratio of secondary to principal axis = 1 : O S 196. Anglo 
P : oP =» 130° 47' ; P : <»P = 139° 25'. The lithium salt obtained in like manmT 
crystallises in tufts of very deliquescent needles (Meyer). 


Xodide. Ini*. — Prepared like tho bromide. Yellow hygroscopic substance, easily 
melting to a diirk brown-rod liquid, distilling with difficulty, and solidifying to a 
crystalline mass (Meyer). 

Oxides. In'dium forms several oxides. Tho monoxide InO, obtained by igniting 
the nitrate or the procipibited hydrate, is of a pale yellow colour (dark yellow if it 
contains iron), becoming darker when heated. On igniting roasted indium sulpliido 
with nitre and sodium carbonate, and removing the soluble salts by boiling with 
water, tho monoxide remains in tho form of a finely divided white powder. It is not 
volatile oven at a white heat ; dissolves in acids, with rise of temperature. By 
precipitating a cold solution of an indium salt with ammonia, tho hydrate is obtaincnl 
as a white gelatinous prccipiUite, which dries up in tho air to horny lumps, and when 
ignited leaves tho oxide in compact lumps of a light yellow to white colour. Tho 
liydrato precipitated at tho boiling heat is compact and heavy, and yields an earthy 
oxide when ignited. The air-dried hydrate consists of 5InO. 611*0 or 6InII*0* . 11*0, 
and is converted at 100° into the normal hydrate, InO.H*0 or InII*0*. 

The monoxide heated in a stream of hydrogen becomes green or blue-green at 180°- 
190°, grey at 220°-230, deep black at 300°, and is reduced to tho metallic state at a 
low red heat. The black oxide formed at 300° is di-indic oxide^ ln*0. It is a light 
loose powder which, if exposed to the air while still warm, is converted quickly, but 
without incandescence, into tho monoxide. It does not yield any metallic indium to 
mercury ; is rapidly attacked by stn>ng nitric acid, with evolution of nitrogen dioxide; 
and is dissolved by dilute acids with evolution of hydrogen. The green oxide 
appears to consist of IrPO* =» 5InO .ln*0 ; tho grey oxide of ln®0* = 4lnO.In*0 ; it 
has not, however, been proved that these two reduction -products are definite com- 
pounds. The green colour may perhaps bo due to a trace of iron ; in one instance of 
the incomplete reduction of very pure indium oxide, a light blue product wjis obtained 
(Winkler). 

Oxygen-salts. The nitrate, (NO')*In + 3H’'0, crystallises from an acid solution 
(with difficulty from a neutral) in long pri.sm8 or needles, which give off 2 mol. water 
at 100°, and when more strongly heated are converted into a basic salt previous to 
complete decomposition (Winkler). The sulphate, SO^In + 3II*0, remains on evapo- 
rating its aqueous solution at 100° as a gummy mass, and is converted, between 
250° and 300°, into the spongy, tumefied anhytlrous salt, which when heated to redness 
leaves first a sparingly soluble basic salt, and finally the anhydrous oxide (Winkler). 
The neutral chromate is an insoluble precipitate ; tho ncid chromate remains as an 
uncrystallisable syrup when its solution is evaporated (Meyer). Tho carbonate is a 
white gelatinous precipitate, soluble in ammonium carbonate, precipitated therefrom 
by boiling, insoluble in the carbonates of the fixed alkalis ; the white precipitate 
formed by the acid carbonates of potassium and sodium is likewise insoluble in excess 
of the reagent (Winkler). The oxalate, C*0*ln 2H“0, is precipitated from neutral 
solutions by oxalic acid or alkaline oxalates, as a white crystalline powder sparingly 
soluble in cold, more soluble in boiling water, and separating therefrom in small 
transparent crystals. When ignited in a close vessel, it leaves the velvet-black 
suboxide ln*0 ; by ignition in hydrogen it is reduced to metallic indium (Winkler). 
Tho acetate is obtained, by dissohnng the cold-precipitated hydrate in glacial a^tic 
acid, and evaporating to the crystiillising point, as a mass of white, interlaced, micro- 
scopic needles, but so eiisily do'composiblo that it cannot be obtained of constant 
composition. The formate is obtained, by evaporating a solution of the hydrate m 
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formic acid, in small, very soluble crystals. The tartrate is obtained by 
the hydrate in boiling aqueous tartaric acid till a copious precipitate 
filtering the cooled solution. This solution evaporated in a vi^num loaves Uie illft 
as an uncrystallisable jelly ; it is not precipitated by ammonia, but remains fl|#ar in 
presence of that alkali, even at the boiling lieat (Meyer). 

SolpUKle. Indium unites with sulplmr at a re<l heat, forming a brown sulphide 
infusible and non-volatilo ; the siimc C(nn[H>und is fornuH.1 when indium oxide is ^sed 
with sulphur, I5y tusing a mixture of indium oxule, sulphur, and scxlium carl>onnte 
at a red boat, a mass is obtiiinod which, when lixiviated, Imvos indium sulphide 
crystallised in shining scales resembling mosaic gold (Winkler). The sulphide 
obtained by precipitating neutral or acetic acid solutions of in<lium with hydnigen 
sulphide has a deep yellow colour when recently prepared, but becomes brtiwn when 
dry, and yields an orange-coloured p<jwder ; it is infusible ami is decomposed by 
liv'd rochloric and sulphuric acids (Keieli a. Richter). Amiuouiiim sulphiue forniH 
with indium solutions a white precipitate (probably a sulpliydnite), which when 
hwited with acids, gives off liydrogen sulphide ami is converted' into yellow indium 
suli>hido; in drying also it continually gives off this gas, and ult.imatoly leaves the 
yellow sulphide. This precipiUito dissolves in yellow ammonium sulphide (persul- 
phide), not only at the boiling heat, but in small quantity at ordinary tcmpt'ruluros ; 
in colourless ammonium sulphi<lo also it is not quite insoluble. From slightly acid 
indium solutions, potassium sulpliido llirows down yellow indium sulphide, soluble in 
excess of the prticipitant, forming a colourless solution, which retnuins ch ar at the 
boiling heat, and on exposure to the air gra<lually deposits indium sulphitie. Acetiv! 
acid does not alter this solution; hydrochloric acid throws down yellow indium 
hididiide, easily solublo in excess of the acid ; sulpliurous acid preenpitates white 
indium sulphydnito mixed with sulphur. Potassium sulphydmto adtlcd to indium 
s«*lutions throws down indium sulphy«lrutc insoluble in excess of the precipitant 
(Meyer). 


rnoXi. CMPN (Raeycr, Ann. Ch. Pharm. cxl. 295 ; Suppl. vii. 50. Ihieyer a. 
urling, Chem. Ges. Ikr. ii. 679 ; YjaUeehr. f. (Jhnn. [2J vi. 21H ; Che/n. Cenir^ 
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1S70, 42).— This substance, which may ho regarded as the nucleus of the indigo- 
group, is produced : 1, 13y passing the vapour of oxindol (p. 7''10) over heated zinc- 
duKt. The pr(xluct may bo freed from mimixed aniline by washing with dilute 
liydrochloric acid and solution in boiling water, tin* Ihjuid on cooling depositing the 
indol in largo colourless shining lumime. — 2. Also, though less advantagoously, hy 
heating tho yellow product of the action of tin and hydrochloric uci<l upon indig«) 
with zinc-dust, or by subjecting this yellow prislnct to the further action of tin ami 
liydrochloric acid. — 3. By fusing nitrocinmimic acid, 0*11 '(N0'‘')0^ (from which indol 
iliffers by CO'*^ and O'*'), with jxitassium hydrate, to remove the (?(>^, and iron-filings 
t<j remove the two oxygen-atoms belonging t>o the group NO'^. This mo<le of forma- 
tion indicates tho constitution of indol ; thus : 




.cn:=:ou— coMi 


- CO* - o* « mi* 


Cll 

1 

Ml 

I 
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showing that the nitrogen in indol is directly combined with only one atom of 
hydrogen, a mode of arningomont which is in aciM>rdanco with tho relation of nitrous 
acid to the derivatives of isatin. * 

Tho quantity of indol obtained by tho last process is not very largo — probably 
because indol and all the bodies of tho indigo-group belong to the meta-series oi’ 
benzene derivatives, as may bo inferred from tho formation of anthmnilic acid and 
nitrosalicylic acid from indigo, whereas nitrocinnamic acid (which yields paranitro- 
benzoic acid by oxidation) belongs to the para-series (Baeyor a. JEmmerlin^). 

Indol molts at 52° and solidifies in tho crystalline form on cooling; it volatilises 
readily, but cannot be distilled without decomposition. It is moderatelv solublo in 
hot water, and separates for the most pirt on cooling; volatilises with vapour of 
water at tho boiling heat ; and may bo easily distilled with superheated steam. It 
dissolves very easily in alcohol, ether, and hyarocarbons ; the ^allest tF8<^ of ether- 
vapour are sufficient to Tnnka it deliquesce. It has a peculiar odour, li^ that of 
aaphthylamlne, but not voiy persistent. It is a very weak base, forming with concen- 
trated hydrochloric acid a sparingly soluble compound, which is decomposed by water 
and by alkalis, reproducing indob 
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indol is especially distinguished by the faculty with which it forms red compoumla 
€h#tiiiidng its aqueous solution with fuming nitric acid somewhat considerably diluted 
s fed bulky precipitate separates, formed of small needles and probably consisting of 
indol nitrite, since it yields indol when boiled with water or alkalis. This red 
compound dissolves in alcohol, but is apparently decomposed thereby. The alcoholic 
solution of indol treated with nitrous acid yields lai^o needles of another red body 
The alcoholic solution mixed with hydrochloric acid colours fir-wood cherry-red 
changing after a while to dirty brown-red. ’ 

Hydroxjrl-derlvatives of Zadol (C. A. Knop, J. pr. Chem, xcvii. 65 ; Jahresb. 
1865, p. 582. Ihieyer a. Knop, Ann. Ch. PJiarm. cxl. 1 ; Jahresb. 1866, p. 638).—^ 
Isatic acid, C®H'NO^, has the composition of trioxindol, G®H‘(HO)^N, and this acid, 
or isatin, which is its anhydride, yields by reduction, dioxindol or hydrindic acid' 
- C»HXHO)-^N, and oxindol, C-ll^NO or C-lI'*(HO)N, these tliree bodica 
being related to one anotlier in the same manner as pyrogallic acid, oxyphenic acid 
and phenol : 

C^HXIIO) C«U\HO)2 C«H»(HO)» 

Phenol. Oxyphenic Pyrogallic 

acid. acid. 


CTra(no) 

Oxindol. 


C«n*N(HO)2 C«H^N(IIO)» 

Dioxindol. Trioxindol. 


Isatin in acid solution is easily reduced to isatydo (iii. 41 1) ; and the latter is convertol 
by sodium-amalgam into dioxindol, which again may be reconverted by oxidation into 
isatyde and isatin, so that isatyde is intermediate in composition between di- and tri- 
oxindol : 

C«H“NO* C*«H'2N20« C«H^NO* 

Isatin. Isatyde. Dioxindol. 

Baeyer a. Emmerling {loc. cit.) represent these compounds by the following constitu- 
tional formiilnp, derived from their formula of indol (p. 738) : 
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According to this view, isatin is a quinone, and in its poDissiiim salt, C^Jt^KXO^ the 
metal is in direct union with the nitrogen, as in the salts of maloxyl-urea and otlicT 
derivatives of uric acid. Isatic acid is formed from it by resolution of the quiiione- 
group, with simultaneous oxidation of the group Is 11; dioxindol is a hydroquinone, 
and oxindol a kind of phenol. 

Kekuld {Zeitschr. f. Chem. [2] vi. 254) takes a somewhat different view of the con- 
stitution of indol and its derivatives. He considers it improbable that isatic acid can 
have the constitution of trioxindol, inasmuch jis the succes.sive reduction of this acid 
to indol requires the employment of three different reducing agents, which seems to 
imply that the three oxygen-atoms in this acid united to the other elements in 
different ways. For Kekul^’s views of the constitution of these compounds, see Deut. 
Chem. Gcs. Ber. ii. 748 ; Zeitschr. f. Chem. [2] vi. 253. 

Dioxindol or Hydrindic acid, C^'IPNO*, is produced by the action of 
nascent hydrogen, generated by sodium-amalgam and water, on isatin, C"H*NOS or 
isatyde, ; also by heating isatyde with alcoholic potash ; 

= C'H^NO* + CHI^NO* 

Isatyde Isatin Dioxindol ; 

and as a potassium salt, together with indiretin, by heating isatane with alcoholic 
potash to 1 30® : 

+ 2KHO = 2C»H«KNO* + 

laataue. Futassium- Indiretin. 

dioxindol. 

It is prepared by gradually adding sodium-amalgam to cold water in which isatin if 
suspended ; the isatin then dissolves, and the action is complete when a sample of the 
liquid mixed with hydrochloric acid no longer yields a precipitate of isatin. The 
sodium salt, which separates after some days from the concentrated solution in warty 
crusts, is dissolved in water, neutralised with hydrochloric acid, and mixed with • 
saturated solution of barium chloride ; and the barium salt which crystallises out if 
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dilated unth a slight excoM of sulphuric acid. The filtrate freed fVom sulphuric 
acid by addition of a little baryta-water, and evaporated as quickly as possible uader 
the air-pump, yields dioxindol in groups of yellowish needle-shaped crystals, from a 
moderately concentra^ solution it crysbUlises when left at rest in nearly transparent 
yello^sh prisms, whi^, according to Itammolsberg, are monoclinic, exhibiting the 
combination ooP. ( ) .oP. + P . + «Pqo , and having the clinodiagonal to the 

orthodiagonal as 1012 ; 1. Angle ooP : <»P =, 78® 40' and 101® 20*; ( ooPoo ) : ooP 
wm 129® 20 ; oP . QoP = 1 1 1°, approximately. From hot alcohol it crystallises in 
dazzling white transparent, crystals permanent in the air. It dissolves in 12 pts. cold 
and 10 pts. boiling absolute alcohol, also in a mixture of alcohol and ether Itdec<w- 
jx>8es when heated above 130® ; molts at 180® to a violet liquiil ; and is converted at 
196®, with evolution of a small quantity of aniline, into a roso-colourt^ti amorphous 
mass. The light yellow aqueous solution becomes dark roso-red on ©xixisure to tho 
air, deeper tckI when heated, and then loaves a mixture i>f isatin and indin. 

A solution of dioxi ndol in hydrodiloric add dep<^8i ts d i o x i u d o I h y d r o c h 1 o r i d e. 
C"lI'NO*.HCl, in largo nodular crusts ; from a solution in strong sulphuric acid, water 
throws down dioxindol sulphate, CTPNtP.IPSO* + 11*0, in ttiicks which turn 
violet on exposure to tho air, and appear eiystalline when dry. Ammonia colours tho 
solution violet, and on boiling throws down a violet colouring matter soluble in hydro- 
chloric acid. The fixed alkalis and baryta produce a dark violet coloration, changing 
to red and finally to light yellow, just as with isatin or isatydo. 

The metallic derivatives of dioxindol, or ht/drindaics, excepting tho sfxlium salt, nra 
sparingly soluble in water; they crysUvllise slowly and are precipitated in the crystal- 
line state by a mixture of alcohol and ether; they are permanent in tho air in the dry 
state, but oxidise quickly in solution. The following have been analysed : 

Sodium salt, C"II*NO*Na 2ir‘*0, silvery scales. 

Silver salt, C*lI*NO*Ag, yellowish-white precipitate. 

Barium salt, (C^H^NO^y-^Ba -f 411*0, wliite cubic crysUvls. 

Lead salt, (C*H*NO*)*Pb + 211*0, wliito crj'stallino precipitate. 

hen the moist silver compound is heated to (10®, drops of benzoic aldoliydo sopamto, 
and the silver is reduced. Silver nitrate is also re<iuce<i by dioxindol, with formation 
of isatin. Dioxindol is attecked by nitric acid, more easily than isatin, with formation 
of diX'-omposition-products. 

A solution of dioxindol boiled for some time with yfyeerin doposits a violot-red 
amorphous powder, insoluble in boiling water, and isomeric with indin, C'*H**N*0* 
(iii. 264) (Knop). 

When chlorine is passed into a cold-satursited alcoholic solution of dioxindol, 
chlorodioxindol, C"K®(’IN(3*, first separates in yellowish needles, and afterwards 
dichlorodioxindol, C*n*Ci*NO*, in opaque scales. Aqueous dioxindol agitatisl 
with bromine deposj-'s red laminae of dibroiiiodioxindol, C*lDBr*NO*, and tho 
supernatant liquor yields on evaporation, light red crystalline groups of monobromo- 
di.)xindol, C^H-BrNO* (Knop). 

it r 080 dioxindol, C“lI*(NO)NO*, is produced by passing nitrous acid vapour into 
an alcoholic solution of dioxindol, hut is convertefl by tho prolonged action of the 
nitrous acid into ethyl benzoate. To prepare it, 10 pts. of absolute alcohol are satu- 
rated with nitrous acid, a concentrated alcoholic solution of 1 pt. dioxindol is adde<i, 
and the whole is shaken up with 6 pts. of pulverisctd potassium carbonate till the mass 
becomes red and slightly warm. The powcierwhen cold is washed with absolute al<M>hol 
and dissolved in water, and tlie product, precipitated with hydrochloric acid, is purified 
by repeated solution in potash, treatment with animal charcoal, and reprocipitation 
with hydrochloric acid. 

Nitrosodioxindol forms ayellowish crystalline powder or interlaced needles, sparinghr 
soluble in water, and crystallising therefrom in yellow brittle moss-like oeedlet. It 
melts at 800®~310®, solidifies again in the crystalline form, and sublimes at 840® in 
white needles. When boiled with alcoholic ammonia it does not give the riolet-red 
reaction characteristic of dioxindol. Ammonium nUroBodioxindcl, C*H‘(NO)NO*(NH*) 
+ 1AH*0, separates in white sill^ laminae on evaporating the solution of nitros^ox- 
indof in very dilute ammonia. The barium, compound C*H^(NO)NO*^ is a white 
precipitate ; the silver compound C*H*(NO)NO*Ag a yellowish-white precipitate. 

Jlronumitrocodioxindol, C*H*Bi«(NO)NO* + 8H*0, is precipitated on mixing the 
aqueous solution of nitro^ioxindol with bromine-water, and crystallises from aleohot 
in tufla of needles. It dissolves witlv>at alteration in nitric and ttilphitrie 

acids and in potash-leVf is not coloured violet by boiling with alcoholic ammonia, 
gives oflf its water at 140®, melts at 376®, and sublimes in white lamime. 
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Azodioxindol, C«H«N“0 , is produced by boiling nitjwsodioxindol with 6 pts. 
ferrous sulpiiate, excess of potash-ley, and a large quantity of water, and is precipitated 
from the filtered liquid by hydrochloric acid in white needles slightly eoluble in water, 
easily in boiling alcohol, insoluble in hydrochloric acid. Bromine-water added to the 
aqueous solution throws down white flocks of a bromine-compound. It melts at 300°, 
but sublimes at 260*^ in colourless square plates. Its aqueous solution mixed witli 
silver nitrate and ammonia yields a white crystalline precipitate of the compound 
C“H*Ag*N-^02. , 

OxiNDon. C^H’NO. — Dioxindol cannot be further reduced in alksillne solution • 
but in acid solution it is reduced to oxindol by tin and hydrochloric acid, or better hy 
sodium-amalgam. To prepare oxindol, isatin is first converted as above into diox- 
indol; the solution is diluted with water in the proportion of 100 pts. water to 1 pt. 
isatin, then acidulated with dilute sulphuric or hydrochloric acid, and heated in tho 
water-bath; and sodium-amalgam is gradually added, keeping the acid always in 
excess. If after six hours the liquid remains light yellow, even when it has become 
alkaline, and an ethereal extract immediately yields needles on evaporation, it is 
neutralised with sodium carbonate and evaporated, till drops of oil make their 
appearance on the surface of tho liquid. The oxindol which separates after 21 hours 
is purified by rocrystallisation from hot water. It forms long colourless needles or 
feathery groups, melts at 120‘^, solidifies again at 110°, and at higher temperatures 
distils in small quantities witliout decomposition, as a colourless or reddish oil which 
immediately solidifies in tho crystalline form. In hot water the crystals melt and 
dissolve abundantly, the liquid yielding crystals on cooling. On evaporating tho 
exmeentrated solution, oily drops of fused oxindol separate on the surface; on exposure 
to the air, it is partly converted by oxidation into dioxindol. It dissolves in alcohol 
and ether, and crystallises therefrom in needles ; forms a crystalline compound with 
potash, precipitiites with salts of barium, copper, and calcium, and with basic lead 
acetate, and a specular deposit of silver when boiled with arnnioniacal silver nitrate. 
Silver oxindol, C''H'*AgNO, is formed on mixing a cold-saturated solution of oxindol 
with silver nitrate, and then with a little ammonia, as a precipitate which becomes 
granular on standing, and docs not yield benzoic aldehyde when heated to 7O°-80°. 
Oxmdol hydrochloride, CH’^NO . IICl, is deliquescent, and forms groups of spicular 
crj^stals. 

Bromoxindol, C*H®BrNO, separates on mixing tho cold-saturated solution of 
oxindol with bromine- water, in white feathery crystiils. It is insoluble in water, 
slightly soluble in alcohol, molts at 176'°, and is precipitated by acids from the alkii- 
line solution without alteration. Trihromoxindol, C®H^Br®NO + 211^0, produced hy 
adding bromine to the aqueous solution of oxindol, and removing the excess of bromlno 
by heat, is insoluble in water, dissolves without alteration in potash, crystallises in 
feathery tufts, and decomposes without fusion at 270°. 

Nitrosoxindol, C*ll"(NO)NO, is formed on passing nitrous acid into a 1 percent, 
aqueous solution of oxindol, till a sample of the liquid rubbed with a glas.s rod deposits 
crystals after a while. The liquid tlien solidifies immediately, or after 24 hours, to a 
pulp of very slender golden-yellow needles, which dissolve sparingly in water, more 
easuy in alcohol, and with dark brown-red colour in polish. The compound decom- 
poses when heated, yielding oily drops which gmell like nitrobenzene. The silver 
salt, C*H*(NO)NOAg, is an orange-coiourod gummy precipiUite which detonates when 
heated. 

Bromonitrosoxindol, C®H^Br(NO)NO, separates on mixing the cold solution of 
nitrosoxindol with bromine- water, in light yellow needles, slightly soluble in water, 
more easily in alcohol, and decomposing at 240® without fusion or sublimation. 
Trihromonitrosoxindol, C®H^Br*(NO)NO, formed by treating tho preceding compound 
with excess of bromine, is insoluble in water, easily soluble in hot alcohol, crystallises 
in needles of a dingy violet colour, melts at in2°, and sublimes at 190®. 

Amidoxindol, C*'II*(NH®)NO, is formed by reducing nitrosoxindol with tin and 
strong hydrocliloric acid. The acid solution, freed from tin by hydrogen sulphide and 
evaporated, yields colourless nodules of amidoxindol hydrochloride, C®H®(NH*)NO . HCl. 
This salt is decomposed by water, with separation of a red resinous substance solvhw 
in alcohol, gives off hydrochloric acid at 80®, and is completely decomposed at 170 » 
without previous fusion. Nitrosoxindol reduced with ferrous sulphate and potash 
yields a metallic-green colouring matter not yet examined. 

AzoxindoL C®H*N‘0. — Tlie smiium-derivative of this compound is formed by 
treating uitrosodibxindol with sodium-amalgiim and a small quantity of water, as an 
amorphous mass, which, when decomposed by hydrochloric acid, yields azoxindoi as 
an amorphous precipitate containing 2C®II®N*0 . H*0. It is slightly soluble in wa^» 
more easily in alcohol, from which it crysUvUiscs in cubes ; it sublimes without fhsK® 
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at 220®, in whit© crystalline lamina©. Its hot aqueous solution forms with barium 
chloride and a little ammonia, a bulky precipitate of barium azoxindol, 

ZirOSXTB. This saccharine substance has been found by Gintl in the loaves of 
tho common ash {J. pr, Chem, [2] iv. 731). 

XlSrSOXtXirZC B.0Z1>, C*H"0\ is produced, accoisUng to Hirzol a. Beilstein 
{Zeitsekr. /. Cheni. [2] 23 ; Jahresb. 1866, p. 362), by oxidisiiip^ xylic acid, 
with chromic acid, and by tho action of dilute nitric acid on cumene, 
Aceonling to H. Muller and othcra, the acid thus prcKlucod is iilentical with 
tcrephthalic acid, C"H‘0< (q, v.). 


XZflTXtXlf. (Ferrouillat a. Savigny, Cbrin, [2] v. 609). — Tliny 

find that inulin from different sources is not identical, and especially that inulin from 
tho dahlia p74r;jMrca) and that from elecampane {Inula //t^cuiim) exhilnt 

different reactions when treated under similar circumstances with acetic oxi<io. For 
tho preparation of inulin, the plants wore boiled for an hour with water, and tho 
filtered solution was precipitated with neutral lead-acctate, whereby a gummy sub- 
stance was removed. The filtrate was freed from lead by hydrogen sulphide, thou 
concentrated and left at rest, and the precipitate of inulin was coUectwl on a filter, 
washed with water and then with alcohol, and dried at a low temperature. Dahlia 
inulin turns the plane of polarisation 26'^ to tho left, whereas inulin from 
elecampane turns it 32 8® to the loft. Of each of these varieties of inulin, 1 part, 
was mixed with 1 part of acetic oxide and 2 parts of glacial acetic acid, and 
heated to boiling for a quarter of an hour, whereupon the inulin first became 
gummy and then diy.solvcd. Tho solution was not precipitated by water, but ether 
llirew down a pasty, semi-fluid, light yellow, amorphous pivcipitato, which, after 
thorough washing with ether and drying at 100®, fornicw.1 a solid, amorphous, light- 
yellow mivss, very soluble in water and in alcohol, but in.soIubIe in other. This acetyl 
derivative yieddod by sajxjni float ion from 29 to 30 per cent, acelyl, corresponding to 
1 acetyl-atoiu for tho formula Tho usual formula of ituilin must there- 

fore be doubled, and this first acetyl -derivative is C*‘Gl'’(('!'‘'ir'(>)0*0“‘. The robitory 
pow’cr of the compound obUiiiicd from dahlia inulin is —20®, <>f that from olocaiiipane 
inulin —32®. In a second experiment, 1 part of inulin was heatwi to boiling for a 
quarter of an hour with 2 parts of acetic oxide. Tho resulting solution was not pre- 
cipitated either by water or by ether. When mixed with a little waUrand ovaporatc<l 
till tho acetic acid was expelled, it loft a strongly coloured residue insoluble in pure 
water, but soluble in alcohol and in water containing Jicidic acid. Tho alcoholic solu- 
tion, when decolorised with animal charcoal and ovaj><)ratod, left an amorplnuis 
yellowish mass. Tho compouud from elecampane inulin had the compoHition 
and the rotatory power -26 whereas tlmt from dahlia inulin was 
0'^ll'«?C'-*II*OyO‘<’,and its rotatory power was ~U®. In a thinl exporimont, one j>art 
of inuliD was heated to boiling for half an hour with 3 parts of acetic oxide, iiio 
solution treated as in the hccoikI experiment yielded dextrogyrate pn^ucts, insoluble 
in water, soluble in alcohol. The c/^mpound from elecampane inulin corresponded 
with tho formula C’*U'^(C’H'0)^0'® ; that from dahlia inulin with tho for.i»ula 

Schiitzenbergor a. Naudin {ibid, 266) have also obtained by similar means an 
acetyl-derivative of inulin conUiining C‘ir(Cm»0)"0^ or winch 

is soluble in water, has a bitter taste, melts to a syrup at 100®, and sobdiflcs on 
Cfjoling to a colourless, transparent, vitreous mas.s. It is easily saponified by alkalis, 
producing a white substance insoluble in water: and melting at 100®. 


XOX>ZJim. For the preparation of absolute* ly pure i(Kiine, Stos finds tliat only two 
methods are available, viz. : 1. Precipitation from its solution in potassium iodide by 
water. — 2. Decomposition of nitrogen iodide suspended in water by heating it 
to 60®-6&®, and finally to 100®, and washing out the soluble salts with water ho 
prcsluct is somewhat less than that which correspfjnds to the equation 
NH'I N» r {Jahresb. IS67, p. 159). . . ^ 

On the solubility of iodine in water and in aqueous potassium iodide, see Dossiof 
a. Werth {Zeitschr./. Chem. [2] v. 379). , - 

On the action of hydrogen sulphide on iodine, see Naumann {Zeusch , j, • 
[2] V. 436). . * I 

For the simultaneous detection of iodine and bromin^ 

176) mixes tho solution, much diluted and acidulated jnth 
two feet W. with a small quantity of carbon bisulphide, 
quantities of a concentrated solution of chloride of lime. 

carbon bisulphide first assumes a purple-violet colour, and becomes colourieas am 
Sup, 3 D 
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further addition of the chlorine Bolution, from formation of iodine chloride. If 
bromine is also present, the carbon bisulphide, immediately after decoloration, assumes 
an orange-yellow tint. 

On the detection and estimation of iodine in presence of bromine and chlorine, see 
also p. 368. ’ 

The detection of iodine is often hindered by the presence of organic substances. 
According to Hlasiwetz {Zeitschr. anal. Chem. vi. 447), the aqueous solutions of 
resorcin, orcin, and phloroglucin take up iodine without coloration, or perceptible 
formation of hydriodic acid, in considerable but definite quantity, and withdraw it 
from its solution in carbon bisulphide. In these solutions the iodine can neither be 
detected by the ordinary reagents, nor volatilised by boiling. Nevertheless, the loose 
combination into which the iodine has entered is broken up when the solution is 
evaporated in a vacuum, the organic substance crystallising out in its original state, 
and the iodine subliming. 

For the estimation of iodine in iodatcs and periodates, Rammelsberg {Pogg. Aym. 
cxxxv. 493) decomposes tliese salts with potassium iodide and dilute sulphuric acid, 
and titrates the separated iodine with sodium hyposulphite : 

HIO« + SHI = 3H20 + 3P; and HIO^ + 7HI = 4H20 + 4P. 

On the estimation of iodine, see also Bobierro {Zfiischr. f. Chem. [2] v. 192 ) ; Struve 
(ihzd. 383) ; Siewert (id?d. 307). 

Hydriodic Acid. On the preparation of aqueous hydriodic acid by means of 
iodine and phosphorus, see Mich. Pettonkofer (Ann. Ch. Phartn. cxxxviii. 57 ; JahreA). 
1866, p. 138). According to Vigicr (Zcitschr. f. Chem. [2] v. 412), the most suitable 
proportions for the preparation are represented by the equation 

+ bv + oipo = p20» + loni. 

Winkler (J. pr. Chem. cii, 33) passes hydrogen sulphide into an unsaturated solu- 
tion of iodine in recently distilled carbon bisulphide, covered with a layer of water, 
and contained in a cylindrical vessel immersed in cold water. The passage of the gas 
must be continued till the liquid is decolorised, and the quantity of carbon bisnlphido 
present must bo sufficient to hold in solution all the separated sulphur. The hydriodic 
acid formed dissolves in the water, and may bo obtained of any required degree of 
concentration by diminishing tho quantity of the latter. After being freed from 
hydrogen sulphide by heating it for a short time in a retort, it is perfectly pure. 
A. Naumann (Zcitschr. f. Chem. [2] v. 436) modifies this process by leaving out tlio 

carbon bisulphide, and operating at first on a small scale, till the reaction becomes 

considerably accelerated by the solubility of the iodine in the hydriodic acid producoil. 
The liquid is then cooled, and iodine and water are added from time to time as tbo 
action slackens. In this manner, even a very rapid stream of hydrogen sulphide is 
completely absorbed, and in a short time largo quantities of hydriodic acid are 

obtained of sp. gr. 1-56. Of this acid only a small portion distils below 127®, tlio 

greater part remiiining and exhibiting a sp. gr. of 1-67. 

Eeactions. — Tho decomposition of hydricxlic acid by heat, and its action on various 
substances, have been examined by Hautofcuille (Bull. Soc. Chim. [2] vii. 198, 200, 
203; Jahresb. 1867, p. 171)- When the pure ^gfiseous acid is gradually heatetl, it 
exhibits, at about 180°, a fiiint violet colour, indicating a commencement of decom- 
position, which increases slowly up to 440°, and rapidly between 440° and 700°, its 
amount being influenced by the extent of heated surface, and at a given temperature 
also by tho pressure. Thus, when the gas was passed under ordinary pressure 
through a tube filled with fragments of glass, the decomposed portion amounted at 
440° to 2*6, and at 700° to 34 p, c. On passing it through a glass tube filled with 
platinum-sponge, the results were : 

At about .... 700° 440° 260° 196° 176° 

Decomposed portion . , 22*2 19-5 18*7 17’5 10’6p. c. 

In a closed glass tube at the boiling point of sulphur : 

Under a pressure of . 0 760 1*497 r7l7 1*910 1*950 met. 

Decomposed portion . 2*6 3*1 3*7 6*1 6*4 p. c. 

Under constant pressure, therefore, the decomposition is considerably facilitated by 
the presence of platinum- sponge (below 180° iodine condenses on the. surface of the 
platinum, and interferes with its action). When, on the other hand, a mixture of 
equal volumes of iodine-vapour and hydrogen is passed over heated platinum-8poDg®» 
the two olemeuta partly combine, the ’ancombiweid poTthih beiixia ^<pa 3 a.Vtcj that which 

sepaiatM from pore hydrogen iodide by platiniim-spo/^go at the same UmpexsOOe. 
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Glass vessels ^ attacked by hydrogen iodide even below a rod heat, with formation 
of water, an iodide of alkali-metal, hydrt^on sulphide (from sulphur in the glass), 
and separation of iodine ; the decomposition of the gas in glass vessels began at a 
lower temperature than in porcelain vessels. On the other hand, heated glass induces 
the formation of hydriodic acid from a mixture of iodino-vapx>ur and hydrogen, to a 
small amount at 4d0° under ordinary pressure, more abundantly in closed tubes at 
tho same temperature, the quantity of hydrioilic acid formed increasing witli the 
proportion of iodine present. Out of 100 c. c, hydrogen, there remained after heiiting 
with : 

Iodine in milligr. . . 4G1 610 013 709 76l 761 8t0 987 1361 4M1 

IJncombined H in c. c. . 62 64 45 46 37 36 30 20 14 8 67 

In this case, therefore, as when platinum-sponge is used, a .state of tKpiilibrium is 
obtained, varying with the i)roportions of the reacting subsUinces. 

Sidphur decomposes gaseous hydriodic acid gjvs, or a cold-saturated aoueous solution, 
at ordinary temperatures, wuth formatioti of hy<lrogen sulphide and sopnration of 
iodine ; dilute aqueous solutions only with aid of heat. Those Ciuiditious are tho 
reverse of those on which tho preparation of aqueous liyilrimlic acid, by passing 
hydrogen sulphide into water contiiining iodine, dcpemls. If the moderately con- 
centrated aqueous acid bo enclosed with sulphur in a glass tube, application of heat 
gives rise to tho formation of hydrogen sulphide and separation of iodine, whereas 
on cooling, hydriodic acid is produced and sulphur separjited, which after re})oated 
alternations of temperature (between not very wide limits) crystallmcs in transparent 
octohedrons. When gaseous hydri(xlic acid is pjis.sed into sidphur chloride ^ hydro- 
chloric acid is at first evolved, and igdiiio (or sulphur iodide) stipamUvl ; afterwards 
hydrogen sulphide is formed in large quantity. acts on hydri<Hlic acid in tlie 

same manner as sulphur, and the reaction may bo made available for the preparation 
of hydrogen selcnide, and of beautifully crystal I iseti selenium. Phosphorous ch/oride 
and arsenious chloride exposed to a stream of the gas at or<linary temperatures are 
converted, with spontaneous rise of temperature and evolution of hydrochloric acid, 
into tho corresponding iodine-compounds, which dissolve in the excess of chloride anil 
finally crystallise out. Titanium chlori<lo is dccoin{K>sod at its boiling point ; 
ammonium chloride at the temperature at which it volatilises ; silicium chloride not 
below 440^. 

Those results show that a number of chlorides are decomposed by hydri<xlic acid 
at ordinary or at higher temperatures. On the other hand, metallic iodides (and 
bromides) are decomposed when strongly heabd in excess of hydrochloric acid gas, 
silver iixlido, for example, at about 799^. For tho continuance of tho decom- 
position, however, it is necessary that tho hydriodic arid be removed as fast as it 
is formed : hence it appears that hydriodic acid can also docompowo silver chlori<lo at 
high temperatures. Lead icxlide is decomposed hy hydrochbiric acid gas, even below 
its melting point ; mercuric iodide and ammonium iodide are but slightly acted upon 
(Ilautefeuille) ; compare Li ebon (p. 437). 

Nitropen diojcide is slowly decomposed by concfintrated lUjuoous hydriodic acid, 
with formation of ammonia and separation of iodine (Chapman a. Smith, Chem, 
Soc. J, [2] V. 166). 

The reducing action of hydriodic acid on organic compounds has boon 
clalK)rately investigated by Berthelot {Bull, Soc. Chim. [2] ix. 8, 91, 178, 266 ; 
Jahresb, 1867, p. 342), who has shown that all such compoumls, except the paraffins, 
are decomposed by tho concentrated aqueous acid, at sufficiently high 
temperatures, with formation of hydrocarbons. The products of the reaction vary 
with the proportion of hydriodic acid used; when it is pushed to its utmoiyt limits, 
the only products (besides water, carbon dioxide, ciirlxm monoxide, and ammonia) are 
paraffins, either containing the same number of ©lirbon-atoms as the original 
substance, or formed from this substance by dirision. To ensure this complete 
reduction, however, the organic substance must be heatwl in a sealotl tube for 10 to 
24 hours to 270®-280®, with a saturated solution of hydriodic acid (sp. gr. « 2 0) ; 
alcohols and acids of tho fatty series with 20 to 30 tiines, aromatic boaios with 80 Ui 
100 times their weight of this concentrated acid; in general, the excess of acid 
required above the theoretical quantity is groiter, as Uio proportion of hvdrogen 
in the organic substance is less. With smaller quantities of hydriodic acid, inter- 
mediate products are obtained. The following are the principal results: 

A. Fatt^ Bodies.—l. The (>H*» are converted at ordinary temperatures, 

and more quickly at 109®, first into alcoholic iodides, then into paraffin ; ethylene, 
f<»v example, into ethyl iodide and ethane ; C*H* + HI C*H‘I ; and 
+ HI - I* + C*ll*. 


3 a 2 
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2. The hydrocarbons 
manner: e.g.y 

and 


homologous with acetylene, react in a similar 
C*H* + 2HI = C^H^P 
+ 2HI 2P + C^m 


3. The chlorine^ bromine^ and wdine derivatives of the hydrocarbons likewise 
exhibit similar transformations ; e,g.. 


C*H*I + SHI = 2P + C»H» 

lodopropylenc. Propane. 

C^Cl® + 12HI = 6HC1 + 61* + 
Perchlor- Ethane, 

ethane. 


4. The paraffins^ as already observed, remain unaltered under the influence of 
hydriodic acid, and constitute the ultimate products resulting from its action, unless 
they are decomposed by the heat. 

5. Alcohols are converted, first into iodides and then into paraffins ; aldehydes 
yield the same products, being first converted into alcohols. They however yield, 
together with the normal paraffin, small quantities of its lower homologues ; thus 
acetic aldehyde yields ethane with a little methane ; acetone yields chiefly propane, 
together with ethane and methane. 

6. All the acids, monobasic or polybasic, of this group, are reduced under tlie 
above-named conditions — if they do not split up by themselves - to paraffins containing 
the same number of carbon-atoms ; thus acetic acid yields ethane : 

-t 6HI = 2WO + 3P + C"H«, 

and butyric acid yields butane, Pormic acid yields only water and carbon 

monoxide, the latter not being attacked by liydriodic acid. Oxalic acid is resolved in 
like manner into carbon dioxide, carbon monoxide, and water. Succinic acid yields 
butane : 

+ 12HI = 4H20 + 61* + CHI'®. 

Tartronic acid, C^H^O*, forms ethane and carbon dioxide, being first converted into 
malonic acid, which is then resolved into acetic acid and carbon dioxide. 

Bihasic acids, treated with a quantity of hydriodic acid not sufficient for complcUi 
reduction, are converted in great part into the corresponding monobasic acids, succinic 
acid, for example, into butyric : 

C4H«0' + 6HI == 2H*0 + 31* + C^H®0*. 


7. Compound ethers behave like their components, into which they are in the first 
instance resolved by assumption of water ; ethyl formate, for example, yields carbon 
monoxide, water, and methane, 

B. Aromatic Compounds. — Benzene heated for 24 hours to 280° with 80 parts 
of the aqueous acid is almost wholly converted into hexane ; but at the same time a 
small quantity of propane is formed by splitting up of the benzene : 

C«H® + 8HI = 4P\ C«H'* 
mV + lOHI = 51* + 2Cm\ 


With 16 to 20 pts. of the acid, benzene is resolved into carbon and propane: 

2C«H« + 6HI == 6C -I- H* -t 31* + 2C*H«; 

with 30 to 40 pts. it appears to yield hexane, and in the first instance hexylene, 
which is afterwards resolved into difficultly volatile condensation -products. The 
chlorinated derivatives of benzene are first reduced to benzene, which then reacts 
with the excess of acid as above. , , ^ v 

Phenol treated with insufficient quantities of acid is partly reduced to 
partly converted, with separation of carbon, into propane ; with excess of acia 
yields the same products as benzene. 

Benzoic acid treated with 80 pts. hydriodic acid, yields heptane as normal P™ .V 
and hexane in consequence of the resolution of the benzoic acid into carbon dioxioe 
and benzene. With 20 pts. acid toluene is produced ; 

C»H‘0* ^ 6HI - 2H*0 -H 31* -1- C*H*, 

and in smaller quantities, benzene and carbon dioxide. Benzoic aldehyde with 
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20 pte. acid yielda, aa normal product, toluene, togetStfil with smaller quantities 
of benzene, xylene, and perhaps higher homologues. 

Toluene heated with 80 pts. of this acid is completely converted into heptane, C’ll”'’, 
with simultaneona abundant decomposition of hydriodic acid ; heated with 20 pte. 
acid it yields charcoal and propane : 

+ 2m = 4C + W + P + 

Cumene, is converted by 80 pts. acid into nonane, with abundant 

decomposition of the hydriodic acid. With 23 pts, acid it yields charcoal aiul 
propane : 

+ 6HI = 3C + IP + 3P 4 2C*1P. 

Cymene, is converted by excess of the acid into decano, ; xylene, 

apparently into octane, 

According to Baeyor {Zeitsehr. f, Chem, [2] iv. 443), hydriinlic acid combinotl with 
phosphine, (PIP. HI), does not act upon benzene even at 350^^, but convtn'ts toluene 
into xylene into C"H’‘‘.II\ naphthalene at 170® into C***!!*.!!*. 

C. The more complex hydrocarbons allied to the nrontatic group are partly resolved, 

by saturation with liydrogcn, into several groups. Ihplunyl, treated with 80 

pts. acid is almost wholly converted into hexane, t'**ll** ; with 20 ]4s. of the acid, 
partly (to §) into benzene, partly (to into propane and charcoal : 

Cciino ^ 2111 = P + 2C«IP; and - 90 + IP + C»1P. 

Cinnamene, C*m, treated with 80 pis. of the acid yields, as chief product, au octuuo 
boiling at 115® to 120®, w'ith small quantities of ethane and hexane : 

C"H» 4- lOHI « 6P + and C"H« + 12HI = 6P + CHI" -f C"II‘b 

With 20 pts. of the acid, it is for the most part converted into cinnamene hydride, 
C*!!'® (? othyl-phenyl), with benzene, otlianc, and a diihcullly volatile resinous hydro- 
carbon as secondary products : 

c^ip + 4UI ^ 2i'‘ + c®]p + ani\ 

Kfhyl-pkcnyl, unA-hromethyl-jihenyl, C‘'il''I5r,yichl with 80 pts. of tlio acid, octane 

and small quantities of ethane and hexane. 

Naphthalene, C'"H*, may yield the hydrides ; also cthyl- 

plicnyl and ethane ; octane and ethane ; benzene and ethane ; hexane and ethane. 

Anthrace 7 ie, treated with 80 pts. of the acid, yields as chief product, tetm- 

dccanc, C'^II*®, together with hopbine, hexane, etham*, and a paraffin boiling at 
360®, perhaps With 20 pts. acid it yields eliiefly toluene, with small quanti- 

ties of benzene, ethane, and a liquid hydroc^arbon boiling at 260®, perliaps 

D. Bodies allied to the preceding liydrocarbons. Alizarin is converted by 20 pts. 
of the acid into a carbonaceous mass ; by 100 pts. it is gradually but completely con- 
vertxjd into paraffins, among which have been distinguished C**IP* (boiling at 270®— 
280®), one boiling above 360®, and in smaller quantity, liexano and ethane. Phthalia 
acid, C"H•0^ with 10 pts, hydrifxlic acid yields hepbino and octane : 

C«H®0^ + 14HI = CO^ + 21PO + 71* + C‘H»® 

and 

C*H«0* + 20III = 4H*0 + lOP + CIP*. 

The isomeric compound ierephthalic acid similarly treated yields only heptane. 

JE. Polymeric hydrocarbons treated with excess of hydriodic acid are partly convert-CKl 
into paraffins containing the same number of carbon-atoms, and are partly ^plit np 
into simpler compounds, with addition of hydrogen; thus p<dyethylenc (oil of wine), 
boiling at about 280®, yields the paraffins C’‘IP®, O'HP®, OH'®, and OH®. 
Similar results are obtained with Cae^polypreypylenee na^polyamylenee. Oil of turpentUie^ 
gires and OH'*. With 20 pts. of the acid, decano, is at first 

produced, and finally lower hydrocarbons of the same series, together with xylene. 

F. Substances richer in carbon. Bitumene (p. 349) heated ^th P^* 
acid is for the most part converted into hexane and an oily paraffin, y H or U Ja . 
Vlmin, wood, and wood^charcoal are converted more or less completely into paraffin^ 
the principal of which are OH'®, and an oily body volatilising onlv at a r^ 

heat (0®H« ?). Coal is attacked hy 106 pts. of the acid, to the amount of about 60 
p. c., and converted into similar hydrocarbons ; the residue has tiie constitution Of a 
resin. Graphite and charcoal toited in a stteam of chlofme are not aUacIted by hydn- 
odic acid. But charcoal heated to whiteness in chlorine (after which traatment it may 
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be reg;irded as pure carbon) dissolves slowly in strong nitric ^id at 80®, forming a 
b.own extractive substance which is acted upon by hydriodic acid like wood. 

a. Nitrogenous substances heated with excess of hydriodic acid yield, aa 
essential products, ammonia and saturated hydroairbons. Methglamine y\B\ds 
and methane ; ethylamine^ ammonia and ethane ; aniline, with 20 pts. of the acid, yields 
ammonia and benzene ; toluidine, with 80 pts. acid, yields ammonia and heptane : 

C’H^N + 12HI = NH* + + 6P + 

a large portion of the hydriodic acid being at the same time decomposed. Methyl- 
aniline, isomeric with toluidino, yields, under similar circumstances, methane and 
Iiexane ; ethylanUine, ethane and hexane ; amylaniline, quintano and hexane. Amides 
and nitriles are first converted, by assumption of water, into the corresponding 
ammonia-salts, after which the acid further decomposes. Respecting the reaction of 
hydriodic acid with cyanogen and cyanides, see pp. 521, 638 ; with indigo, p. 728. 

Iodine Clilorides. The trichloride ICR acts at ordinary temperatures on carbon 
bisulphide, forming a brown-red liquid containing sulphur chloride, carbon tetra- 
chloride, and a crystallisable compound. The same products are formed when a 
solution of iodine in carbon bisulphide is saturated with chlorine gas. As the liquid 
cools, the compound separates in large well-defined prismatic crystals, having the 
colour of potassium dichromate, and so deliquescent that they can only be dried in a 
stream of dry chlorine gas and preserved in a sealed tube. When gently heated in a 
closed vessel they melt, giving off a small quantity of iodine chloride, and forming a 
liquid which solidifies in the crysUilline form on cooling ; they are decomposed by 
water and by hydrogen sulphide. These crystals have the composition ICR.SCI^ 
(Weber, Awn, cxxviii. 459; jahresh. 1866, p. 138). Jaillard {Jahresb. 

p. 95), by passing chlorine over a mixture of iodine and sulphur, obtained a compound 
to which ho assigned tlic formula 2ICR.SCR; according to Weber, however, it is 
identical with that just described. 

Iodine monochlorido, ICl, added in aqueous solution to the acid\ilated hydrochlorides 
of various organic bases, forms crystalline compounds which separate as yellow prcci- 
tiitos, and in some cases may bo rocrysttillised withoiit decomposition from dilute 
hydrochloric acid. The tetrethylammonium compound CM foemn fern-like 
groups of needles, which are decomposed by water. The trkthylamine compound 
crystallises in needles. The caffeine compound HCl . Cll is easily obtained 

pure, and forms crystals which appear to bo oblique rhombic prisms. Quinine hydro- 
chloride forms a yellow precipitate which assumes a dark colour when rocrystallised 
from dilute hydrochloric acid (Tildcn, Chem. Soc. J. [2] iv. 146). 


Oxygen-acids of Iodine. 

Xodio Acid. According to Stas ( 1867, p. 162), the iodic acid prepared by 
cltH'.omposing barium iodate with dilute sulphuric acid always retains in solution a 
small quantity of barium sulphate, from which it cannot bo freed. Perfectly pure 
iodic acid may be obtained by oxidising pure iodine with fuming nitric acid in a retort 
of glass not attacked by the acid,* evaporating to dryness, redissolving in water, again 
evaporating, and heating the white solid acid for some time to 200®, till it is converted 
into anhydride, and all the nitric acid is driven off with the water. The quantity of 
iodic acid thus obtained does not exceed I pt. of the iodine used. If the oxidation is 
performed in a vessel of common glass, tne iodic acid is contaminated with traces of 
soda and lime. 

The following table of the specific gravity of aqueous iodic acid of different 
stTcngth-s is given by H. Kiimmorer {Jdogg. Ann. cxxxviii. 390 ; Zeitschr.f. Chem. [2] 
277): 


Perrent. of 


Sp. gr. at 

Percent, of 


Sp. gr. at 



U® 

1*0* 


14® 

1 


. 1 0053 

40 


. 1*6371 

6 


. 1 0263 

45 


. 16315 

10 


. 1 '0525 

60 


. 1 7366 

15 


. 11223 

65 


. 1*8689 

20 


. 1 2093 

60 


. 1*9954 

25 


. 1*2773 

66 


. 21269 

30 


. 13^84 

100*5 . 


. 4*7887 (at 9 ^) 

36 


. 1*4428 




* Stas finds that an easily fusible glass not attacked by acids may be made by replacing half the 
potash in ordinary potash-limo glass with soda, such glass containing 77*0 p. c. BiO*, 7*7 X*0» 
••0 Wa-O, and OaO iJdhrub, 1867, p. 020). 
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«^mT»Tison of these densities with those of aqueous chloric acid, Kamnwror 

volumes ; 


Fonnulft of 
the Hydrate 

hcio^.th^o 

1II0».7H^0 
HCIOMSII^O 
HIOM 611*0 
H010*.20IPO 
HIO=*.20H'^O 


Percent, of 
Anhydride 

3573 

55-3 

21-29 

37*44 

16-98 

31*16 


Molecular 

Weight 

Bp. gr. 

Atomic 

VoUinio 

210*5 

1-262 

166-7 

304 

1*8256 

166*4 

354*5 

1*161 

305*2 

446 

1*489 

299*6 

444*5 

1*128 

394*2 

536 

1*389 

391-6 


veriodio Add (T^utsch, J. pr. Chem. c. 65. 

iQA. 7W/J Ann. cxxi 


Ilftraniols- 


Fernlaiid, ihid. c. 99. 

berg, III ] Uo Kammorer, loc. cit,).~-KnmmeroT propiircB this acid by 

pp. 162, 166 , P* 1 ,’ r^u ohlnritie or bettor with bromine. 9 ho solution ova- 

decomposing the silver salt ’ jpjQ# or I’0^ r»ll“0. Lautsch confirms tho 

poratEKl in a vacuum leaves PO’. 511*0 or IPIO« molts at 130°, 

observation of Lauglois (u . , • i bv loss of water and oxygen, between 2()0 

„„rt i« converted into lod.c ''"''J J ° rather quickly in tho air 

and 2100. no finds on the other hand, the crystals 

at ortlinary tempci atures. \ when left over sulphuric acid nr wbon heated 

of poritalic acid compl'etoly resolved even at that 

to 100°; they molt, hetueen lJU anu lo , „ater. Neither i.evi(dic anhydride, 

0. 


1. IsWmal Periodofes. 

^MIO* 

Srr-'O" + 


KIO* NhIO« 

(NlP)iO* LilO* MgPO" + 

^ ^ Agio* CdPO* 

2. Thrce-M^ha Perwdates. 

/ M”I*0" 

12IV(^P0* 


011*0 

10U’*O 


ThreC‘Ciijh(hs PvTtodates. 

f2#I*0* 




J^'4I6026 


Sr^IH)'*’ + 1411*0 
3 Four-sevenths Periodates. 

j WPiP 

isM'n-o'* 


m"i*o” 


jjpiBO" + 49(63)11*0 
4. Hemi-periodates 


Ba"I'’02* + 
CVP0“ + 


20IT'-'0 

xlPO 


M*PO* 

K*PO» 

K*PO“ + 9H‘0 
(NHM*PO» + 3H’0 
l?a*I*0“ + 3IPO 
Li<I*0* + 311*0 
Ag*PO* + 3H*0 
Ag^I^O* -f H*0 


^ M*-^ PO* 

Ba^PO® 
Ba*I*0» + 
Ba*I*0» + 
Sr^I^O® + 
Sr*PO» + 
Ca*l*0* + 
Mg*PO* + 
Zn*PO» + 
Cu*PO» + 
Cd*I*0* + 


6H*0 

7U"0 

11*0 

4IP0 

911*0 

151P0 

611*0 

6H*0 

9H»0 


7. Trito-periodates. 

ri»i*o“* 

p],»I3C)io + 21P0 
Cd*PO’« + 511*0 (?) 

8. T(tartO’j)criodate8. 

M'‘PO“ 


+ CIPO 
+ 9H*0 
+ IPO 
+ 311*0 
+ 711*0 


BIg*PO“ 

/n*PO" 

Cd*I*0*' 

evpo” 

(2Hg)W 


6. TujoWths Peri/jdates. 

J 3af*P0* 

I m"i*o»‘ 




Ba4*0‘* + 12H*0 
Zn*I*0'» + 14H*0 


M»IO« 


One-Jiftk Periodates, 

m:^po'» 


lino* 

Na*IO* 

Lino* 

Ag*IO* 


Ba*PO’* 

8 rn* 0 ‘* 

Cttn*o‘* 

Hg‘PO»* 

Cu*I*0» 


6H*0 

10. Ons-sixth Periodates. 

Fe*I*0** + 2lH*0 
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The normal periodates of the univalent metals are decomposed by heat into 
metallic iodide and oxygen; many other periodates give off oxygen and iodine, 
leaving either a pure oxide (magnesia, nickel-oxide), or a mixture of oxide and iodide 
(le^, copper, cadmium, &c.). The mercury salts give off metallic mercury, iodide, 
and oxygen ; the ammonium salts are resolved, with violent detonation, into iodine, 
nitrogen, oxygen, and water. Among the hemiperiodates, the silver salt is the only 
one that leaves a residue free from oxygen (metallic silver and iodide). The 
potassium and sodium salts of this division give off at most | of their oxygen, 
leaving a residue of the composition M^PO ; the sodium salt at a lower temperature 
gives off only § of its oxygen, leaving Na^I’^O*. From the behaviour of this residue 
with silver and barium salts (with which it forms an iodide and a one-fifth periodate), 
it might be regarded as a mixture of sodium iodide and one-fifth sodium periodate, 
Na®10* ; but it more probably consists of a mixture of sodium iodide and a peroxide 
Na*0*, not knowu in the separate state : Na''PO* = 2NaI + Na^O* ; Nal + 2Na^O* = 
Na^IO*. The same view may be extended to the residues loft on ignition by the 
hemiperiodates of lithium, barium, strontium, and calcium, as well as to the identical 
residues left by the iodates of barium, strontium, and calcium ; thus : 

5Li<PO» = 0-‘ 4- P + LiTO« = LiI.2Li‘0^ 

6Ba"PO« = 0*‘ + P + 2Ba"PO’»; Ba*PO'» = BaI^4BaO> 

(Rammelsborg, loc, cit. ; further, Zeitachr. f. Chem, [2] v. 373). 

Periodates are decomposed by hydrochloric acid, witli evolution of chlorine ; by 
sulphurous acid, with separation of iodine ; by hydrogen sulphide, with separation of 
sulphur. With potassium iodide they turn yellow, and on addition of an acid deposit 
iodine, amounting, in the case of the normal potassium salt, KIO^ and of the sodium 
salt, NaI0*.3lI‘0, to about ^ of the total quantity of iodine in the salt (Rammels- 
berg). A characteristic reaction for periodates is afforded by their behaviour with 
mercurous nitrate (Lautsch, p. 747). 

The normal periodates in solution are not acted upon by chlorine or iodine at 
ordinary temperatures. But when the solutions of these salts are heated with iodine 
to IGO'^, the ifxlino is oxidised to iodic acid, and the periodate is reduced to iodate. 
In general, the solutions of periodates act as oxidising agents, manganese and 
bismuth compounds, for example, being brought by them to a higher state of 
oxidation. Wien chlorine is passed into a boiling solution of sodium hemiperiodato, 
Na^I^O®, a solution is formed, containing normal periodate, chloride, and chlorate : 
hence in preparing the hemiperiodate by pissing chlorine into aqueous soiliuni 
carbonate containing iodine (iii. 310), it is necessary to avoid an excess of iodine. 
Chlorine acts in a similar manner on potassium hemiperiodate, forming a precipitate 
of Llio less soluble normal salt : 

3K‘I*0» + Cl« = CKIO' + KCIO’ + GKCl. 

On boiling a solution of sodium homiporioilnte containing ioiline, a clear solution is 
formed, containing only iodate and iodide of sodium: 

Na^I^O* + P = 3NaIO’ + Nal. 

Potas.sium hemipericKlate is decomposed in a similar manner (J. Philipp, TLeitschr. f, 
Ckepu [2] V. 371). 

♦ The normal periodates separate from solutions containing excess of acid, the 
various basic salts from neutral or nearly neutnil solutions ; or they are obtained by 
precipitating the solutions of the respective bases in periodic acid with ammonia, or 
by double decomposition. 

An ammonium periodate, containing (NH*)’!^" + 3IPO, is obtained by evaporating 
a solution of perioflic acid supersaturated with ammonia, in monoclinic or rhombo- 
hedral crystals, which give off their water at 100°, ammonia at a higher temperature, 
and detonate violently at 200° (Rammelsbcrg). 

Potassium Salts. — Raramelsberg has obtained the normal salt KIO* in well- 
defined crystals isomorphous with the perchlorate. It requires 300 pts. of water to 
dissolve it, forms an aci«l solution, and when evaporated with pobish, yields trans- 
parent monoclinic crystals of the tetrapotassic salt *■ OH^O, which dissolves 

in 10 pta. water at ortli nary temperatures, gives off its crystallisation-water, both 
over sulphuric acid and at 100°, and is decomposed at a stronger heat, leaving a 
mixture of p:)tassium iotiide and hydrate (Rammelsberg). 

Sodium Salts. — The hydrated normal salt NaIO* + 3H^O is produc^ by 
evaporating a solution of the tetrasodic salt Na’I*0* (iii. 310) in nitric acid. It 
ci^stalliscs in homimorphous combinations of a rhombohedron, having an angle of 
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28' in the terminal edge, with an obtnaer and an acuter rhombohedron, a 
prism, and the basal end-face. The crystals dissolve in 12 pts. water at moan 
temperature, and effloresce over sulphuric acid, ultimately giving off all their water, as 
also at lOO*’; at 276^ the anhydrous salt is converted into imlate (Ilammelsberg). 

LithiuM Salts, — The tctralUhic salt + 31PO separates from a nearly 

saturated solution of lithium carbonate in periodic acid, in the pulverulent form 
when evaporated by heat, in white crystalline crusts by evaporation over sulphuric 
acid. It is very slightly soluble, gives off all its water at 200*^, begins to decx>mposo 
at 275®, and is decomposed at a higher temperature, giving off iotlino and oxygon, and 
leaving a yellowish-white residue of the penhilithic salt : 

SLi^rO® = 4Li»IO« + 31® + 0®‘. * 

A solution of the tetralitliic salt in periotlic acid deposits the normal sa-lt, LilO*, in 
quadratic octohedrons P , ^P, having the secondary to the principal axis as O Gfttd : 1, 
isoraorphous, therefore, witli the normal ammonium, sodium, and silver salts. It 
also dissolves sparingly in water, forming an acid solution (Ilammolsbt^rg). 

Silver Salts. — The ‘pvntargmtxc salt Ag^lO*, corresponding to the crystallised 
acid, is obtained as a nearly black precipitate, when the solution of a periodate, 

either neutral or slightly acidulated with nitric acid, is mixed with silver nitrate. It 
does not alter at 200^, but when raised to a higher temporaturo loaves 87‘4 p. c. of a 
mixture of silver iodide and meUiUic silver (Agl + 2Ag®). lly solution in nitric 
acid and curoful evaporation, it is converto<l, like the totrargontic salt Ag*PO®, into 
llie orange-yellow normal salt AglO*, which when evaporated by lioat Crystallises in 
quadratic octohedrons (99'^ in the terminal and 133'^ in the lateral edges), and is 
decomposed by water in the manner represented by the ocpiation : 

4AgIO* -f 5irO = 2II‘I0'‘ + Ag^I'O®. 

The orango-rod normal salt, AglO*, is completely convortwl at 173^ into the while 
iodate, AglO®, the decomp^isition beginning however at a much lower tenipomturo 
(RammeUberg). 

Lautsch dt>6cribcs a decargentic salt, Ag'®I^O*®, obtained by pouring silver nitrate on 
the tetrasodic salt : 

2Na<I*0® + lOAgNO® + IPO =* Ag‘^1‘0'® + 8NaN0» + 21INO*, 

as a brown pulverulent precipitate becoming nearly black when heated ; also anovtar^ 
gnitic salt, Ag^PO", obUiinod as a black-brown or black powder by digesting tlie yellow 
tetrargoutic salt with ammonia, or as a reddish-brown precipitate by*mixing the nitric 
acid stdution of the yellow tctrargentic salt (or its m(Al»or liquor) with ammonia, 
iiceordiiig to the equation : 

2Ag'PO® + 2NIP + IPO = 2(NII*)I0‘ -f Ag"I-0‘». 

Fernlunds, by cooling the nitric acid solution of the tctrargentic salt, obtained straw- 
yellow rhombohedralcrj’stals, which ho regards as Ag®1110* + II®0 ; the same solution 
evaporated by heat yielded orange-coloured six-sided prisms to which Fernlunds 
assies the formula AgH^I0\ The straw-yellow salt was converted by prolongwl 
boiling with water into the black-brown anhydrous triargentic salt Ag*I0', which, 
accxjrding to Fernlunds, is also produced when the aciuoous solution of the tetrasodij 
salt is mixed with silver nitrate. According to Rammolsberg. however {Zeitsekr. f, 
Chem. [2] v. 373), the protiuct formed by treating the tctrargentic salt with nitric aciil 
is the anhydrous normal salt AglO^, which is decomposed by heat in the manner above 
doKcribed. 

Barium Salts. — Hho diharic salt Ba®PO® + 7H'^0 is produced by mixing the 
concentrated solutions of an alkaline periodate and a barium salt, the former being 
in excoss, as a crystalline precipitate very sparingly soluble in water, easily soluble in 
nitric acid. It gives off 4 mol. water below 200*^, the rest at 800®, and when more 
strongly heated in a closed vessel, leaves a yellowish residue of the salt Ba‘l®0**. 
Heate<l to redness in a covered platinum crucible, it leaves a fused residue consisting 
of iodide, oxide, ^periodate (Ba‘l*0'*), and carbonate of barium. A solution of 
periodic acid mixea with a quantity of baryta-water not sufficient to saturate it yiold^ 
a precipitate of the hydrated dibaric salt, j^®PO* + 6H®0. The normal salt, Bal*0*, 
has not been obtaine«r. This solution of the dibaric salt in nitric acid gives with 
ammonia a bulky amorphous precipitate of a basic salt, while periodic acid passes into 
solution. Similar' precipitates are thrown down by alkaline periodates from tnixiures 
of barium salts ancf ammonia, or by ammonia from acid mixtures of periodic acid and 
barium salts. From their somewhat variable composition, Kammelsberg infers that 
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dibaric poriodat© may b© converted by ammonia, with separation of periodic acid, into 
the |-periodate Ba*I*0'», or the |-periodat© ; thus : 

+ 5H*0 2Ba»I<0*'» + 2H»IO« 

and 

4Ba^I20» + bWO * Ba^BO” + 2H»IO«. 

The yellowish pentabaric salt which remains on treating with water the residue 
obtained by igniting the dibaric salt in a platinum crucible, dissolves easily in nitric 
acid, and this solution likewise yields with ammonia a precipitate of the f-periodate ; 
thus : 

2Ba'"I20'2 ^ 5H20 = Ba^I^O*® -f SBaH’O*. 

Kammerer, by mixing a hot aqueous solution of normal potassium periodate with 
a hot solution of barium nitrate, and adding potassium or sodium acetate after 
cooling, obtains an amorphous precipitate to which he assigns the composition 
Ba^lPIO*.KNO^.HNO*. From a solution of this salt the barium is not precipitatetl 
by alkaline carbonates or sulphates ; this reaction (with ammonium carbonate) affords a 
means of distinguishing periodic from iodic acid {Zeitschr, f. Chem, [2] v. 276). 

Strontium Salts. — The normal salt, Srl^O* ■+• 6H*0, crystiillises from acid solu- 
tion over sulphuric acid iu transparent or milk-white, six-sided, often tabular prisiiw 
acuminated with three faces, and probably belonging to the triclinic system. The 
distrontiG salt Sr*I*0® -f 411^0 crysUillises from a solution nearly neutralised with 
strontium carbonate, in crystalline crusts, mixed with the normal salt, which may bo 
dissolved out by water. It gives off ono-third of its water at 200° (Itammelsberg). 

Calcium Salts . — The normal salty CaPO^ separates from a highly concentrated 
acid solution together with crystals of the acid. The diralcic salt, Cii'-'I^O® + 9II'0, 
is obtained by imperfectly saturating periodic <ucid with calcium carbonate, and 
evaporating over sulphuric acid, in soluble crystals which when heated above 100° 
give off their water, with partial decomposition. From the aqueous solution ammonia 
throws down a gelatinous precipitate of the salt (Rjimmolsbeig), 

Magnesium Salts. — A solution of magnesium carbonate in excess of periodic 
acid deposits first the Mg'^PO®, then iho normal salt, MgPO” -f 1011*0, 

which dissolves in water with acid reaction. The dimagnesic salt is also produced by 
mixing the solutions of a magnesium salt and normal sodium periodate, and crystal- 
lises in small tabular rhombic prisms of 116°. When magnesium carbonate is digested 
with water and a slight excess of periodic acid, the ietramagnesio salt, Mg*I*0'*, 
separates as a crystalline powder ; the same salt is obtained as an amorphous precipi- 
tate on saturating the mother-liquor of the preceding salt with sodium carbonate. It 
contains between C and 9 mol. water, effloresces over sulphuric acid, and partially also 
on exposure to the air. Potassio-magnesic periodates are obtained on adding magnesium 
sulphate to a solution of the potassium salt, -f 9H*0. The liquid then becomes 

acid, and a crystalline precipitate is formed, varying in composition acco^ing to the 
proportions and concentmtion of the solution, but apparently always consisting of the 
normal potassium salt and the tetramagnosic salt Mg*I*0’b The reaction takes place 
in the manner shown by the equations : 

K*I*0® -f 2MgSO* - Mg«I*0® -r 2K*SO^ 

Mg*I*0* -t- 2MgvSO* -f 2H’0 = Mg«I*0>* + 2H*SO« 

K*PO* -h H*SO< -= 2KIO* + K^SO* + H*0. 


Bammelsboi^ observed the salts 


Mg*I*0>* 

6KI0^ 


i 


+ 24H»0, 


Mg^PO " } 

4iaoM 


+ 20H2O, 


Mg«PO”) 

2KIOS 


+ 16H*0. 


When the magnesium sulphate is added in excess, the precipitate may also contain 
the salt Mg®PO». Ammonio-magnesw ptriodate, + 3H*0, is precipitated 

by ammonia from a solution of the salt Mg’PO* in nitric acid, as a finely crystalline 
precipitate which may be washed with cold water. The salt may be regarded either as 
(NH*Vl*0».Mg*PO‘* + 12H*0, or as (NH*)*IO*.Mg*PO'« + 6H*0. 

Zinc Salts. — ^Th© salt Zn*PO* -t- 6H*0 sepamtes as a white powder on partially 
saturating a dilute solution of periodic acid with zinc oxide. The salt Zn*I*0'* 
+ 14)5*0 is thrown down on adding normal sodium periodate to a solution of zinc- 
sulphate, as a pulverulent weeipitate, in small quantity in the cold, more abundantly 
when the liquid is heated. The filtrate mixe^ with ammonia, not to saturation, yiaWs 
HU amorphous precipitate having the composition Zn*I^O** + 12H*0. Zinco-potassic 
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j^moaate, 2KI0^Zn^I*0^* + 4H‘0, is precipitated by tetrapotassic periodate from a 
solution of zinc sulphate ; the acid filtrate contains zinc as well as periodic acid, and 
gradually deposits crystals of normal potassium poritxlate (Bammelsberg). 

Nickel Salts. — Recently precipitated nickel carbonate dissolves in periodic acid, 
with green colour, and formation of peroxide, iodate, and insoluble basic periixiate of 
nickel. The acid green solution evaporated at a very gentle heat, or over oil of vitriol i 
yields light green crystals (rectangular four-sided prisms with oblique end-faces) of 
the salt Ni'PO“ or NiPO®, 3Ni^PO®, witli variable amount of water (49 to 63 mol.). 
It is insoluble in water, but blackens when heated with water, forming iodate and per- 
oxide of nickel. The same compound is precipitated from the acid mother-liquor by 
incomplete saturation with ammonia (Rammelsbei^). 

Cobalt Salts. — Ijautsch by treating dry tetrasodic periodate with excess of cobalt 
sulphate, or by evaporating a solution of the two salts to dryness, obtained a dark 
yellow-greenish powder, to which ho assigns the composition CoT^O'*^ + 1611*0 or 
7Co0.2P0^ + 16H*0 ; ho finds, however, that it gives otf chlorine when dissolved in 
hydrochloric acid : hence it should exmtain a cobaltic compound. According to 
Ihiramolsborg, alkaline periodates produce in solutions of cobaltx)U8 salts a precipitate 
consisting of hydrated cobalt peroxide mixed with cobivltmis iodate (part of the latter 
also remaining in solution) ; the sjvmo products are likewise fonnod when cobuUous 
carbonate is dissolved in periodic acid. Exacl.ly similar results are obtained with 
mangjinous salts. Ferrous salts yield witli alluilino periodates a brownish-yellow 
precipitate of ferrous iodate. 

Ferric Periodate, + 21JP0 or 2Fe*0’.P0^ + 21ir'0, is formed 

on adding tetrapotassic periodate to solutions of ferric salts, us a light brownish- 
yellow precipitate, which dries up to dark brown lumps having a shining fracture. 

Cadmium Salts. — The normal salt, CdPO", is formed as a Iioavy white pow'dor 
mixed with a small quantity of the following salt, on treating cadmium carbonate with 
a hot solution of periodic acid. If an insufficient quantity of the acid is used, the 
tetracadmic salt (JdT*0** + 3II*0 is produced. The acid mother-liquor of these two 
salts yields by spontaneous evaporation, the salt Cd'-^PO* + 9U*0in roctangulair four- 
sided tables belonging to the rhombic system. It is insoluble in water, and is con- 
verted by boiling therewith into a yellowish powder. A fourth salt, Cd'^PO*' + 
15H*0, or perhaps Cd*I*0*.2Cd^I*0“ + 1511*0, is obtaiiuHi as an insoluble white 
precipitate, on pouring cadmium sulphate into normal sodium periodate. 

Copper Salts. — The pentacupric salt, Cu‘I*0** -h 6H*0, separates as a green 
powder on adding cupric carbonate to aqueous peruxlic acid : it gives off half its water 
at 200°, When a solution of cupric nitrate is mixed witli normal potassium periodate, 
a green precipitate is formed at first, and the blue acid filtrate afterwards deposits the 
totracupric salt, Cu*I*0“ + TIl'^O, in dark green microscopic crystals. A solution of 
recently precipitated cupric hydrate in periodic acid first deposits the pentacupric salt, 
and then, by spontaneous evaporation, the dicupric salt Cu*PO* -j- 611*0, in dark green 
crystalline aggregates, A potassio -cupric salt of uncertain composition is formed as a 
bright green precipiUito on mixing the solutions of cupric nitrate) and tetrapotassic 
periodate (Karamelsbcrg). Ijautsch obtained the salt Cu^ll*i*0'* or 4CuO ,1*0* + H*0, 
as a green crystalline mass, by treating the dry sodium salt with aqueous cupric 
Bulphate, or as a siskin-green powder, by mixing the solutions of cupric sulphate and 
tetrasodic periodate (whereby no precipitate is produced), evaporating to dryness, 
redissolving, again evaporating, and washing (Rammelsberg), 

Lead Salt. — The lead periodate precipitatoil on mixing the solutions of normal 
sodium periodate and lead nitrate has the composition Pb*I*0*® + 2H*0 established 
by Langlois. When heated with a solution of periodic acid, it acquires a yellowish- 
red colour without giving up any of its load, and is afterwards insoluble in nitric acid 
(Rammelsberg). 

Mercury Salts. — A slightly acidulated solution of mercurous nitrate forms with 
normal sodium periodate a precipitate of ocUmcrcuroiis periodate, or 

4Hg-0 .1*0*, having a fine yellow colour. It is anhydrous, soluble in nitric acid, and 
when heated is resolved without residue into yellow and red mercuric iodide, metallie 
mercury, and oxygen (Rammelsbeig), A decamercurtms salt, Hg'*I*0** or 6HgH) .1*0*, 
is obtained by precipitating the solution of the tetrasodic salt with merenrous nitrate, 
or by digesting the same sodium salt in the solid state with the mercurous solution, as 
a light yellow precipitate, affording a characteristic reaction of periodic acid ; it bsoomes 
somewhat darl^r at 100°, dissolves in nitric acid, and likewise in hydrochlorie add, 
with evolution of iodine chloride. Hydrogen sulphide throws down msrcniy from 
these solutions, without previous separation of iodine. Stannons chloride eonTttta the 
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salt into green mercurous iodide (Lautach). Mctmirw periodate, = 

6Hg''O.PO% is prepared, similarly to the corresponding mercurous baU, with mercuric 
nitnite (not with the chloride). It is a red precipitate, easily soluble in hydrochloric 
acid, sparingly in nitric acid, and is precipitated from the latter solution both by 
dilution with water and by saturation with ammonia, but is redissolved by excess of 
ammonia (Laiitsch ; Rammelsberg). 

TiaLT i>TTriMr. W. v. Schneider (Ann. Ch. Pliarm, Sitppl. v. 261 ; Jahresh. 1867, \\ 
314) prepares pure iridium from the aqueous solution of impure potassium chlorlridiato 
by a process founded on the observation of Bunsen, that iridium is much less easily 
reduced from the aqueous solution of its tetrachloride by hydrogen than the other 
platinum metals. The portion of platinum-ore insoluble in nitromuriatic acid is 
freed from osmium by heating it, mixed with sodium chloride, to low redness in a 
stream of chlorine ; the remaining mixture of chlorides is triturated with the smallest 
pf)8sible quantity of water, and then washed on a filter ; the solution thus obtained 
IS treated with chlorine ; and after addition of a little hydrochloric acid, agitatetl to 
saturation with pulverised potassium chloride. The resulting precipitate, after being 
washed with water and wdth a saturated solution of potassium chloride, consists of 
the nearly pure potassio-chloridos of iridium, ruthenium, and platinum. It is dissolved 
in a large quantity of boiling water; the solution is placed in a vessel closed wdth n 
perforated caoutchouc str)ppor ; and hydrogen gas is passed into it for several days, 
till the platinum and ruthenium are wholly precipitated in the metallic state, which 
may be known by testing the remaining olive-green liquid with potash, whereupon it 
will first become colourless, and after some time blue or turbid. The hydrogen in the 
apparatus must then be expelled by a stream of cjirboii-<lioxido (otherwise explosions 
will happen on opening the vessel, resulting from the action of the precipitated metals 
on the mixture of hydrogen and oxygen) ; and the solutiori, which conbiins the greater 
part of the iridium as trichloride, is sulyected to continued treatment with hydrogen. 
The iridium is then precipitated on the surface of the liquid in largo brittle lamin<e 
having a meUillic liistro. 

Respecting Gibbs’s methods of separating iridium from other platinum metals, 
founded on the reactions of the chlorides with poUissium nitrite and with lutoo-coballic 
chloride, see Platinum Metals. 

Xridlom Sromldes (Birnbanm, Ann. Ch. Phar in. cxxxui. 161). — These compounds 
are not obtained by boiling iridium with nitric and hydrobromic acids, or by passing 
bromine over a rod-hot mixture of metallic iridium and sodium bromide. But when 
moist iridic hydrate is treated with hydrobromic acid, a blue solution is obtiiincd, 
which becomes more stable when mixed with nitric acid, and leaves on evaporation a 
blue deliquescent crystalline mass, which, however, does not unite directly with other 
metallic bromides. 

Potassium Bromiridiate, 2KBr.IrBrS is obtained by mixing potassium bromide 
with iridium tetrachloride, or by treating ammonium chloriridiate (or bettor the 
sodium salt) with potassium bromide. It forms black-blue octohodrons, and decom- 
poses when its solution is evaporated. With alkivlis it yields first the tribromide, 
then the hydrated sesquioxide ; with silver nitrate it forms a precipitate of silver 
bromiridite, 6 AgBr . Ir*Br“. , ..... i 

Ammonium Bromiridiate, 2NR'*Br . IrBr^, prepared from the chlorindiato and 
sodium bromide, resembles the potassium salt. The sodium salt, 2NaBr.IrBr\ is 
deliquescent and unstable. 

The tribromide, Ir*Br® + SWO, is deposited in olive-green crj’stals on evapo- 
rating the aqueous solution of the tetrabromide (obtained by decomposing potassium 
bromiridiato with silicofluoric acid). It forms very stable double salts, which are 
produced from those of the tetrahromidc by heating, or more quickly by the action of 
sulphurous or sulphydric acid. The potassium salt 6KBr.Ir*Br® -r 6H*0 crystallises 
in large, olive-green, four-sided needles, which, if an excess of sulphurous ^id has 
been used in their preparation, are mixed with white crystals. The sodium salt 
6NaBr.lr*Br« -*■ 24H20 ciystaUises in rhombohedrons ; the ammonium salt 

■'6NH^Br ,Ir*Br* -4- H*0, in microscopic olive-groon needles; on evaporating the 
aqueous solution of the tribromide, the compound 6HBr.Ir*Br* + 6H^O separates m 
blue needles, brown-red by transmitted light, 

The sulphites of iridium obtained by Birnbanm are described under Sulphurous 
Acid (v. 646). 

ntOir. Pure iron, of silver-white colour and strong lustre, may ^ obtained by 
heating nitride of iron moderately (below the melting point of lead) in a stream of 
hydrogen. Iron thus obtained has a sp. gr. of 6’03, and is soft enough to be cut 
a knife. It oxidises in the air more easily than ordinaiy iron, especially at 
tompemturcs and in contact with moisture (.Stahlschi^dt, Jahresh. 1865, p. 2o5>. 
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TrM6t(BuU. Soc. Ckim, [2] ix. 250) prepares ^ 

llohur. The metal obtained by , electrolytic precipitation, or by 

that tho rusting of iron ^isi in iwfjuy pur« water. Caustic alkalis an.l 

:;trsr-vrt&^^ 

;:^lt!ng;art!tmrB^"^^^^^^ 

elimination of nitrogen dioxide an. fo™at,^ Winning of the action, and nitrogen 

„r gas. Sometimes tiydr^on is “'f cluins both fem.us and ferric salt 

.lioxide afterwards, in which ®B“ ^ roactions, but always in small 

Ammonium nitrate may bo Xhe passivity of iron and steel pro- 

cniantity ; nitrites do not appear depends upon a particular U;mporaturo. 

iluood by nitric acnl of given spocihc fc™ J rfiort time at 31° ; if tl>® minal ten- 
WUi aob of sp. gr^ 1'38, it is ®;^,ttUopcr A cohiurloss acid of sp. gr. 1'42 

perature was 32°, the passive state is “9'“ P, niuic acid of sp. gr. 1 ■12, 

j,ro.luce8 at 83 °. With cast iron Uic results arc imt 

cqmiuT‘'®miite (Orilway, Si//. Am. X [2J xl. ^1«)- »!,;pAi(r««» acid forms a 

‘‘*3. /ron heated to f ? V and Tv^sn Iphito^ with 'Irass-yollow. erns^ of 

solution of ferrous sulphite and ' V„„n„l indistinct microscpic cryslMs 

I Solutions of ferimis salts >toated tx> 130. sulpliido, FeS, which does 

hvpomlphitc "e eomplelaly decomp« J “ *’ ,n,iy decomposed by strong hydro- 

not oxidiBO in contact With tlio air, is {r, , ^ ^ nitric acid. Str<inf2;iy 

chin" or dilete Bulphef a 

ignited ferric oxide hoat«l ^ in hvdrochl^c acid (Oibhs, Jahrteb. I*®*' P' f 

bliwk sulphide of iron siduble in hyd^ p 714- 1865, p. 716), the smallest tr^ of 

srat'Cir.rtsij./a.- 

following method, founded on the acid decom^ses it, with to 

-ph— 

sulphur, according to the equation, ^ aFoCl* + H’S’O*. • " 

2NaW + Fe«Cl* + 2Ha “ “ mixed with a few drops 
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p. 385, vol. iii., so far as to heat the ferric solution with potassium iodide in a closed 
yessel, add the starch-paste only after cooling, and then the standard solution of 
hyposulphite. This solution is most readily titrated by means of potassium dichro- 
mate, 20 c. c. of a solution of this salt (containing 4*919 grms. in a litre) being heated 
in a closed flask with hydrochloric ^id and potassium iodide, and the liberated 
iodine determined by the hyposulphite solution previously brought to an equal 
Tolume. 

Winkler {Jahreab. 1865, p. 717) estimates iron in a solution of ferric chloride by 
retluction with cuprous chloride, according to the equation 

Fe^Cl* -f Cu^CP « 2FeCi=* + 2CuCl*, 

the end of the reduction being indicated by the disappo.ir!ince of the rod produced in 
the solution by a few drops of potassium sulphocyanato. According to Hoch a. 
Clemm {ibid. 1866, p. 803), this method does yield accurate results. 

On the analysis of cast iron, see Tosh {Chem. News, xvi. 67, 94, 168); M6no 
(Conipt. rend. Ixviii. 449 ; Zeiischr. f. Chem. [2] v. SI 5). On the estimation of 
carbon in cast iron, seo Elliot {Chem. Soc, J, [2] vii. 182); of sulphur, Eggertz {Chem. 
News, 1868, p. 207). 


CoQnpounds of Iron. 

Iron belongs to the hexad group of metals, being bivalent in the ferrous, quadri- 
valent in the ferric salts, and sexvalent in the ferrates, its cunipoutuls being analogous 
to those of chromium : 

0 



Fe'^Cl* 

II 

Fo''Cl* 

1 

KO— Fc— OK 
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Ctilorides. Ferrous chloride is easily obtained well crystallised by heating 
sublimed ferric chloride in a stream of dry hydrogen (Wohler, Ann. Ch. Pharm. 
Suppl. iv. 2551. 

A compouna of ferrous chloride with ethylene, C'-*iI^.FoCl*, is obtained by heating 
an ethewal solution of ferric chloride in a scaled tube for sorao hours to 140^-150'^ ; 
more readily with addition of a small quantity of phosphorus dissolved in carbon 
bisulphide, in which case the heat of the watcr-batli is sufficient. It forms brittle, 
nearly colourless crystals, without lustre, easily soluble in water, morleratoly hygro- 
scopic ; they contain 2 mol. water of crystallisation. If the ether is quite anhydrous, 
the crystals are not formed. The recently prcparctl aqueous solution of the crystals 
exhibits the reactions of ferrous salts, and oxidises as readily as ferrous chloride 
(Kachler, Deut. chem. Ges. Her. ii. 510 ; Zeiischr. f. Chem. [2] vi. 58). 

Ferric Chloride . — The crystallised hexhydrated chloride, Fe‘Cl".6lPO, melts, 
according to Ordway {SUL Am. J. [2] xi. 329), at 31^ ; the decuhydrate, Fo^Cl*. 1211*0, 
at 36’6^. Fresonius has shown {Zeiischr. anal. Chem. vi. 92) that ferric chloride is 
not volatilised from its solution mixed with hydixxihloric acid, either by evaporation 
over the water-bath, or by tumultuous ebullition, or when the acid solution containing 
chlorides of alkali-metals is evaporated to diyness and heated for some time over the 
water-bath. 

To prepare basic ferric chloride for medical purposes, Joannel {Compt. rend. Ixvi. 
799) triturates 1,000 pts. of recently precipitated ferric hydrate free from sulphuric 
acid (containing 75 p. c. water), with 85 pts. hydrochloric acid of sp. gr. 12 and 
‘600 pts. water, macerates for two days, and then filters. The above proportions 
correspond to the oxychloride Fo*Cl*. 9Fe*0*. The dark gamet-red solution evaporated 
ott plates at 50“ leaves bbick scales which may be heat^ without alteration to 160°, 
insoluble at 170°, and decompose at 220^. They are easily soluble in water, 
we^ spirit^ and glycerin. The solutions have an astringent, somewhat acid taste, 
ar^ permanent, but yield precipitates with small quantities of sulphuric acid, sulphates, 
citric acid, tartaric acid, and even with a few drops of strong hydrochloric or 
citric acid. They coagulate albumin, act as stjptics in a higher degree than ferric 
chloride, and do not, like the latter, excite pain when applied to wounds. On the 
pliarmaccutical preparation of ferric chloride, see also Atlfield {Pharm. J. 2Vu«s. 
[2] vi. 396). 

nuortd«. Ferric fluoride forms double salts with the fluorides of tlie alkali- 
tuetals. Berzelius obtained the potassium salts 2KF.Fe*F* and 4KF.Fe*F* (iii. 3iM)). 
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^Tickl^ (/. Pharm, [4] vii. 16; Jahresh. 1868, p, 262) has obtained tho ammo- 
nium salt 4NH*F.Fe'*J^, and a sodium salt, both by direct combination and by 
docomp^ing the alkaline fluoride with a ferric stilt. All these double fluorides 
crystallise readily, are sparingly soluble in water, and their solutions are decomposed 
by boiling, depositing yellow flocks. These solutions are not ro<ld6nod by potassium 
sulphocyanate till the alkali-metal has been precipitated by moans of an alcoholic 
solution of siliciuni fluoride. 

Fe~N"Fo 

KltridOa or 1 . — This compound, analogous in composition to 

Fo~N— Fe 

ammonium, is produced, according to Stahlschmidt (Pot/ff. Aun. exxv. 37; Jahresf). 
1865, p. 268), by tho action of ammonia on metallic iron or ferric oxide. SublimtHi 
ferrous chloride absorbs a considerable quantity of ammonia gas at ordinary tmn- 
poraturos, forming ferrammonium chloride, which when hoiitcd nearly to rotluess is 
converted into the nitride : 

4FeCF -f 4NII> = N*Fe* f 8HCI + 21P + N'^ 

The nitride thus obtained forms a grey powder or thin himinn*, sometimes also a 
compact very brittle silver-white mass, wliich may be ruV>bod to a very flne powder, 
burning with dazzling light when thrown inUj a flame. When moderately heated in 
liydrogen gas, it is reduced to pure ir<in, with formation of ammonia, Hoato<.l alone, 
or in a stream of nitrogen or ammonia, it gives oiF all its nitrogen, the last portions 
however with difficulty ; lienco the contradictory statements respecting its com- 
position. Ignited in aqueous vaixair it forms ammonia and forroso-ferric oxide. It 
IS slowly ami imperfectly decomposed by boiling with water; di»Holvc<l by nitric acid 
with evolution of nitn^gon dioxide, by dilute sulphuric or hydrochloric acid with 
evolution of hydrogen (but not of nitrogen, as sbitod by Despretz, iii. 391): 

+ lOlICl = 4FcCF + 2NII'C1 4 - IP. 

IIoate<l with chlorine, bromine, and iodine, in presence of water, it is docomposcKl, 
with evolution of hydrogen (and probably also of nitrogen) and formation of 
ammonia and a ferric salt. Stall Ischmidt is of opinion that this comjiound some- 
times exists irregularly diiTuso<l in steel, and attributes to its occurrence the contm- 
<lictory stivtements respecting the presence of nitrogen in steel. 

Oxides. When borax is Hatnrated in tho outer blowpipe-flame with ferric oxido 
till the bead acquires a bluckish-green colour and exhibits a dull crystalline surface 
on cooling, and the bead is then dissolved in hob nitric acid, the feme oxido remains 
in tlirco- or six-sidod, sometimes rhombic plates, appearing yellowish red or black 
according to their thickness. Ferroso-fcrric oxido may also bo obtained in the cr) - 
fctallino form By similar means ((’hatolier, Jahreah. 1867, P- 10). Acc,ording to 
Klsiier iVjid, 1866, p. 35), ferric oxi<lo is somewhat volatile at tho heat of a porcelain 
furnace. Sidot {Compt, rend. Ixvii. 175) has obtained an oxide exhibiting ma^uotic 
polarity by heating ferric oxide in an earthen tube placed in tho magnetic meridian to 
a temperiiture not sufficient to fuse the oxido ; also by placing iron-foil rolled up into 
a tube in a vertical position in a furnace, and heating it till it is completely oxidised. 

When a solution of ferric chloride diluted till its colour is scarcely perceptible is 
heiit<xl to 27° and above, it again becxnnes strongly coloured, exhibiting tho charac- 
t< ristic tint of basic ferric chloride. This change is not due to loss of hydrochloric 
aeitl, for it tiikes place even in clostnl vessels. The solution retains its colojir on 
cwling, but its chemical properties are completely altered ; with potassium ferro- 
cyanidc it yields only a pale blue precipitate instead of Prussian blue, and with sodium 
chloride when warmed a gelatinous precipitate of pure ferric hydrate, which if im- 
mediately washed dissolves in pure water, but loses its solubility if left for a day or 
two in contact with the saline solution. When the solution modifled by a heat of 
alwjut 70° is dialysed, hydrochloric acid free from iron passes through, and ferric oxkI® 
remains on tho dialyser, soluble in water and in dilute hydrochloric acid, instiluble jh 
saline solutions, and identical with Graham’s colloidal wrric oxide (iii. 716). 
the dilute solution of ferric chloride is heated to 100°, the water being replaced al yt 
evaporates, the soluble hydrate grtidually passes into the mfsliflcation discovered 
P^an de St. Gilles (iii, 396), which is insoluble in dilute mineral acids and in most saline 
solutions, but forms with water a solution clear by transmitted, turbid by reflect^^ 
light. This modifleation was obt^ned by St. Gilles by prolonged heating of ferric 
acetate, and by Scheurer-Kestner in like manner from the nitrate. All these ferric 
salts of monobasic acids therefore exhibit tho same reaction, splitting up at fliwt into 
acid and soluble oxide, whi(di remain separate if much water is present, while ite 
soluble oxide is afterwords converted into the meta-oxido of St, Gilles. The salts of 
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bibasic acids, tbo sulphate for example, yield when heated only insoluble basic salts. 
Lastly, if the solution be heated to 250° -300°, at which temperature neither the 
colloidal oxide nor the meta-oxide can exist, crystallis^ anhydrous ferric oxide is 
precipitated, as observed by S4narmont. These observations explain the necessity of 
the precautions to be obsen'ed in the quantitative precipitation of iron with sodium 
acetate. The precipitate formed on heating is the colloidal oxide, which is insoluble 
in the saline solution, but dissolves for the most part when washed with cold water, 
and must therefore be M ashed with solution of ammonium chloride or acetate (Debmy, 
Zcitschr^ f, Chem, [2] v. 290). 

According to F. Muck /. Chem. [2] iv. 41), the ferric hydrates formed 

from ferrous hydrate or carbonate by atmospheric oxidation differ in their properties 
(thougli not in their amount of water) from those which are precipitated from ferric 
salts. The latter when recently precipitated are bulky and gelatinous, dry up M'ith 
Cvmsiderable diminution of bulk to brittle lumps having a shining fracture, and when 
heated to redness are converted, with incandescence, into hard, black, vitreous ferric 
oxide. The ferric hydrates formed from ferrous hydrate, on the other hand, are 
pulverulent, and dry up, without much diminution of volume, to friable lumps, which 
have no shining fracture, do not glow when heated, and leave a brown-red lustrele.ss 
earthy oxide. When ferrous sulphate is precipitiiLcd at the boiling heat by sodium 
carbonate, with addition of hypochlorite (1 mol. NaClO and 2 mol. Na-CO" to 2 m<d. 

FeSO^), the precipitate dried at 100° has the composition Fe-0’*.H‘^0 or 

the precipitation takes place in the cold (in which case the complete conversion info 
ferric oxide takes several hours) the amount of water in the precipitate dried at 100® 
corresponds to the formula Fe^O’ .211^0. At intermediate temperatures hydrates of 
intermediate composition are obtained. The precipitates thrown down at the boiling 
heat exhibit peculiar changes of colour wlien ignited ; at a red heat they leave 
brown ferric oxide, which at a higher temperature becomes light brick-rod, and at a 
white heat, light ochre-yellow and gradually violet-red. In spite of their soft and 
friable consistency, these oxides do not differ in thoir specific gravity (5T9 to 5*21) 
from iron-glance. An oxide of this character cannot be prepared from ferric salts in 
the wot way, but it may bo obtained by adding basic ferric sulphate (precipihitod 
from solutions of ferrous sulphate in contact with the air) to fused potassiiini 
hydrate, and lixiviating the fused mass. Such a preparation dried at 100° exhibit 
approximately the composition 3Fo^O’.5H20, and when ignited, was converted, 
without incandescence, into a light brick-red and ultimately yellow oxide. By con- 
tinued fusion with potassium hydrate, the precipitate loses water, and then assumes a 
violet colour when ignited (Muck). 

Respecting the reactions of fcrroso-ferric hydrate with acids, see Lofort {Zeitschr.'f. 
Chem. [2] vi. 607). 

Plioaplitdes. These compounds have been examined by Freese {Pogg. Ann. 
cxxxii. 225 ; Jahresh. 1867, p. 282), who finds that of all those which Imve been 
hithoito described, only three are really definite compounds, viz. Fe*P^, Fo*P^, and 

The phosphides of iron arc non-magnctic and nearly, if not quite, infusible ; a small 
addition of iron carbide, however, renders them more fusible than cast iron. They 
are not attacked by cold hydrochloric acid ; are dissolved and completely oxidised by 
hot nitric or nitromuriatic acid, also by hot strong sulphuric acid, with evolution of 
sulphurous oxide, and formation of phosphoric acid and ferrous oxide ; very slowly 
bv boiling dilute hydrochloric acid, | of the phosphorus pitssing into the solution as 
phosphoric acid, while | are given off as phosphine: 16P + 15H*0 =3 lOPH’ + 
SF-'O* ; the undissolved portion has the composition of the original substance. They 
are also slowly atUickod by dilute sulphuric acid at tlio boiling heat, with evolution of 
phosphine, 

1. The compound Fe*P*, which Rose obtained by heating iron pyrites in phosphine, 
may also bo prepared : 

a. By heating finely divided iron, anhydrous ferrous chloride, or magnetic pyrites 
in phosphine : 

3FoCP + 4PH» «r + 6HCI -t- 3H^ 

SFe^S* + 32PH* = + 27U*S + 2lH*; 

ilso, mixed with ferric phosphate, by heating ferric oxide in phosphine as long as 
water continues to form. The pure phosphide, Ffe*P‘, forms a dark bluish-grey 
powder of sp. gp. 6*04. It is permanent in the air at ordinary temperatures, but 
burns when heated, giving off a fourth of its phosphorus and forming ferroso-femc 
phosphate, Fe'PK)'*, Ignited in hydrogen or carbon monoxide, it gives off part of 
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its phosphoruB, and is apparently converted into Fc*P* ; it la not altered by heating 
in carbon dioxide. 

2. The compound Fe®P* is formed : a. Very slowly, by heating ferrous sulphide in 
a stream of phosphine : 

2FeS + 2PH’ + 2H*S + II*. 

/3. By passing phosphorus vapour, carried forward by a stream of hydrogen, over 
red-hot ferric oxide, this oxide being first reduced by the liydrogen to metallic iron, 
which then unites with the phosphorus. — y. liy decomposing anhydrous ferric chloride 
w ith phosphine at a red heat : 

re*CP + 2PIl» = bVP* + 6H01. 

The product obtained by this last process is a black land no-crystalline mass ; tliehrst 
two methods yield the compound as a hluish-grey jK>wder of sp. gr. 6-21, very much 
like the preceding phosphide, but of lighter colour. When heated in the air, it burns 
brightly, without evolution of phosphorus, and likewise forms ferroso-ferric phosphate. 
It is not altered by ignition in hydrogen, but gives off part of its phosphorus when 
heated to redness in carbon monoxide. 

3. The compound Fo*F*, winch has been frequently obtained by different methods 

in an impure state aud with various properties, may be prepared by nnxing 3^ pts. 
anhydrous ferric phosphate with 1 pt. of lampblack in a llossiau crucible, covering 
the mixture with a layer of common salt, and heating it to whitoiiosH for sovenil hours. 
On exhausting the contents of the crucible with dilute hydrochloric acid, the phos- 
phide Fe<P* remains as a light grey, crystalline, non-magnotic powder, of sp. gr. 5 74. 
and resembling the preceding pliosphides in its other physical chameters. ^Whon 
ignited in hydrogen, carbon monoxide, or carbon dioxide, it retains its pulvirulent 
form and undergoes no alteration ; ignited in contact with the air, it burns brightly 
and melts to a bluish mass of ferric phosphate. To obtain this compound pure, it is 
necessary that the iron salt (ferrous or ferric) bo in excess, to prevent the formation 
of carbide of iron, and that the air bo excluded. As the phosphide is not 

altered by ignition in carbon monoxide, whereas the phosphides Fe’P< aud Fo*P' give 
up phosphorus, it is probable that the two latter are converted Ijy prolonged ignition 
in carbon monoxide into the first. Freese is also of opinion tliut this compound is 
the only phosphide present in pig-iron. 

SlUoides. 1. !^y fusing a mixturo of 60 grms, swiium silicofluoride, 20 sodiuift, 
22 cast steel, and 60 zinc, with common salt in a blast-furnace, a Virittle crystallo- 
laminar, perceptibly magnetic rogulus is obtained, containing 10- 1 p. c. silicon, 
having a sp. gr. of 7*018 at 17®, and not attacked by strong hydrochloric acid. — 
2. Sodio-ferrous chloride (obtained by melting 40 grm. iron, 150 sal-ammoniac, and 
80 sodium chloride, 6 grm. silicium, and 26 grm. sodium), fused for 2^ hours witb 
25 grm. fluor-spar, yields a well-fused, white, brittle silicide of iron, Fe*Si ( 20-29 p. e. 
silicon and 79'71 iron), having a sp. gr. of 6 61 1. On dissolving a considerable 
quantity of this compound in dilute hydrofluoric acid, there remained a crystalline 
residue, containing nearly equal parts of silicon aud iron. — 3. Sodio-ferrous chloride 
(prepared from 60 grm. iron), 60 grm. sodium silicofluoride, and 46 grm. sodium, 
hoat^ together to the melting point of nickel, yielded about 9 grm. of a very brittle 
iron silicide imbedded in the slag; it contained 30*86 p. c, silicon and 69*14 iron, 
answering to the formula Fo“*Si‘“, aud was probably therefore a mixturo of FoSi aud 
Fe*Si. It was but slightly magnetic, non-crystalline, and had a sp. gr. of 6*239 at 
19® (Hahn, Ann. €h. Pharm. cxxix. 67). 

®OLlplit4ie*. When dry hydrogen sulphide is ])a8Bed over precipitat^ed forroso- 
ferric oxide heated to whiteness in a tube, the oxide is first convertou into magnetic 
pyrites, Fe*S*, which at a very intense heat is partly reduced by monosulphide, FoS. 
The latter is found in the cooler part of the tube, in non-magnetic black to lemon- 
yellow six-sided prisms with double pyramids, belonging to the hexagonal system ; 
the former in the part of the tube which has been strongly heated, as a greyiah*-^ 
vellow, metallically lustrous, strongly polar magnetic mass ; it is decomposed by ^ 
hydrochloric acid, with evolution of hydrogen sulphide and separation of sulphur 
(Sidot, Compi, rend. Ixvi. 1257). 

On the double sulphides of iron witit''poia8siam, sodium, and silver, see Sutravii 
SXXTS. ' « 

nulVt SKSTAXAitnMT OIF, 8o far as relates to the chemistry of this bnulchr , 
of indost;^, little advance has been made since the publication of the article in tb#* 
Dictionaiy. In smelting iron ores, the attempt to realise still greater economy of 
fuel by tlie use of the hot blast has been continued with some fbrtber success, and, with 
Qtap. 3 C 



754 


IRON, METALLURGY OF. 

the «ame object, useful experiments have been made in augmenting the height and 
capacity of blast furnaces ; but the improvement thus attained has not involved any 
new chemical facts, and it has consisted chiefly in carrying out to a farther extent the 
principles previously understood to obtain. 

In the conversion of pig metal into malleable iron or steel, the practice of the 
method introduced by Bessemer has been largely extended ; but otherwise there has 
been, ns in iron smelting, an equal absence of any direct advance of a chemical 
nature. Apart from the multitude of merely speculative or supposititious inventions, 
there has boon indeed only one suggested improvement in the manufacture of 
malleable iron and steel which could be regarded as novel and intelligible on chemical 
principles, while even that claims mention here more as a matter of history than other- 
wise, since it has not been found available in practice. The method referred to was 
introduced by Mr. Heaton, who claimed that it was applicable to the production of 
malleable iron and steel of good quality from the inferior brands of pig iron 
obtained by smelting ores containing phosphorus. This claim gave a special interest 
to the Heaton method, in consequence of the necessity of using pig iron practically free 
trom phosphorus in making malleable iron by Bessemer’s method, for that necessity 
had been found a very serious limitation to the applicability of the Bessemer 
method. 

Heaton’s method of decarburation consisted in bringing the melted pig iron in 
contact with nitrate of soda, mixed with sand and lime in such proportion as to 
mitigate the mechanical oifect of the explosive decomposition of the nitrate on its 
coming in contact with the melted pig iron. The operation was performed in a 
cylindrical iron vessel lined with fire-clay, the mixture of nitrate, lime, and sand 
being retained at the bottom by a perforated plate of cast iron, while the melted 
metal was run into the converter. 

According to the description of the late Professor Miller, the reaction between the 
nitrsito and the molted iron cf)mnicncod in a very short time after the charge was run 
in, a moderate quantity of brown nitrous fumes escaped, and thou there was a 
copious discharge of dark vapour, carrying out with it a portion of the liquid slag. 
After the lapse of five or six minutes there was a violent deflagration, attended with 
loud roaring noise and a burst of brilliant yellow flame, lasting for about a minute 
and a half. When that had subsided, the contents of the converter were emptied 
out on the ground, and the pasty mass of decarburettod metal was rendered compact 
and homogeneous by the usual operations of hammering and roiling. 

The oxygen evolved from the nitrate of soda during its decomposition was 
undoubtedly the agent of decarburation, and probably the sodium of the nitrate 
operjited at tho same time in such a way as to separate sulphur and phosphorus from 
tlio iron. The exact nature of the reaction taking place has never been rendered 
evident, and though the experimental trials of the method left some uncertainty as 
to the extent to wliich phosphorus was separable in this way from pig iron, there was 
reason to believe that the treatment of pig iron in this wfvy would be in any case too 
co.stly, by reason of tho amount of nitrate required. Another, and at least equally 
serious objection to this method, as a means of making steel, arose from tho condition 
in which tho decarburised metal was left after the operation ; for it may now be 
rogsirded as an axiom established by experience, that any method of producing steel, 
to bo practically admissible, must ensure the perfect liquefaction of the metal during 
the decarburation, so ns to give the highest degree of homogeneity, and must also 
yield tho malleable metal in a liquid stete, so as to afford the possibility of 
tlealing with large masses of tho molted metal, independent of the consumption of 
fuel hitherto ne6(led for remelting. 

It is in regard to this particular point that the chief recent advance has been mmle 
in tho manufacture of malleable iron and steel. This has been done indirectly by 
means of the regenerative furnace introduced by Mr, C. W. Siemens, tho principle of 
which is the gradual accumulation of the heat tliat would be wasted under ordinary 
conditions by passing off* in the gjvsoous product of combustion. By this accumula- 
tion of heat within the furnace, a very much higher temperature maybe attained than 
is possible with ordinary furnaces ; it may also be maintained more easily and with a 
smaller consumption of fuel. 

Tho fuel employed in tho regenerative farnace introduced by Mr. Siemens is com- 
bustible gas produced by burning coal with a limited supply of air insufficient for 
perfect combustion. Any description of carbonaceous material may be worked in a 
suitable gas-producer, so as to furnish gas sufficiently good for the supply even of 
those furnaces in which the highest degree of heat is required. Coal is the fuel 
chiefly used for these gas furnnees in England ; small coal has been employed in some 
cases,’ as in gasworks, where it is to be had at a cheap rate ; wood is used in France, 
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SohemU, and S^in ; sawdust in Sweden, furnishing gas for welding and other high- 
beat furnaces ; lignite in various mrts of Germany and Austria ; peat in Italy and 
elsewhere. The gas-producer used for non-ciiking coal-slack consists of a rectangular 
^e-brick chamber, one side of which, as showm at b in the section, fig. 29, is inclined 
at an angle of from 46° to 60°, and provided with a fire-grate, c, at the lower 
part. The fuel is filled in at the top of this incline at a,, so as to form a thick bed 
upon the grate. Air being admitted at the grate, the fuel is burnt immediately in oonUct 



with it to carbonic acid, but the gaseous pnxiuct of annhuslion passes slowly upwards 
through the overlying red-hot fuel, while the carbonic acid it contains bikes up an 
additional quantity of carlxm, and is conve»rtod into carbonic oxide, while at the same 
time the gas becomes mixed with hydrocarbon gases and vapours distilled off from the 
raw fuel during its gradual descent along the inclined plane ii towards the grate, 
The combustible gas thus productnl is le<l off by a flue, h, into the furnace whore it 
is to be burnt. Any ashes or clinkers that accumulate on the grate are removed at 
intervals of one or two days. 

The composition of the gas varies with the nature of tlio fuel used and the arraiigo- 
mont of the gas-producer. At the Plato Glass Works of St, Gubain the gas obtainrjd 
fnim a mixture of caking coal with one-third its weight of noii-caking coal consisted of 
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The oxygen was no doubt due to some leakage of air into the flue, and allowing for 
that, the percentage composition of the gas would bo as stated in the se(x>nd wilumn 
of fibres, the combustible constituents amounting to about 36 per cent, by volume. 
The presence of so large an amount of inert gas as 66 per cent, renders it cnflficult to 
maintain a high heat when gas of this description is burned in the ordinary way, but 
when the gas is burnt in a regenerative furnace that difficulty is overcome. 

The principal feature of the regenerative furnace consists of four detached chambers 
situated beneath the fumaco, and fllied with fire-bricks stack ckI loosely together, so af 
to expose as much surface as p^ssibie. The chambers are made to communicate in 
pairs by means of flues, and these are fitted with valves in such a way that the hot 
waste gases from the flame may be made to pass from the furnace down through either 
pair of chambers at will. In this way the gaseous product of combustion, passing 
over surfaces successively cooler and cooler, gives up its heat to the Layers of brick in 
the chambers, and at length escapes to the chimney nearly cold. The current of hot 
gas throogh one pair of chambers is kept up until the brickwork is uniformly heatsd 
t4> a considerable depth from the top, up to a temperature nearly equal to of the 
gas entering them. Then by means of the valves the direction of the draught is 
changed, so that the hot gas passes down through the other pair of chambers, while 

3 c 2 
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at the same time the combustible gas supplied to the furnace, as well as the air required 
for burning it, are made to pass upwards through the heated pair of chambers, where, 
by contact with the brickwork, they become heated as they ascend. At some distance 
from the lop the combustible gas and air thus attain a temperature nearly ^ual to 
the initial heat of the waste gases, and when they afterwards burn, on coming into 
conbict in the furnjico, tiic temperature produced by combustion is of course greater 
tlian if the gas and air had been supplied to the furnace at the Ordinary temperature. 
By the time the temperature of the combustible gas and air begins to decrease 
the other pair of chambers will have been sufficiently heated, and the draught is to be 
again reversed, so as to make the combustible gas and air pass through the heated 
ciiambers, while the gaseous product of combustion passes thremgb the cooled chambers. 

By thus reversing the draught at regular intervals, nearly all the heat is retained 
in tlie furnace that would be otherwise carried off by the gaseous product of combus- 
tion. If the heat of the furnace bo not abstracted continually by charging into it 
cold materials, the temperature will increase after each reversal of the draught, and 
by the gi’adual accumulation of heat in this way it is possible to obtain very high 
temperature.s. But it is probable there must soon be a limit reached beyond which 
increase of temperature is imx)ossil)lo, for at a high temperature water vapour and 
probably carbonic acid are docomposod, and by that change a considerable quantity of 
heat is rendered latent. 

With a regenerative furnace of this kind Mr. Siemens has succectled in producing 
malleable iron and steel directly from the ore in a siiiglo operation. The furnace 
used for this purpose is shown in section by fig. 30, where ff is the combustion 


Fin. 30. 



chamber, and rukk the regenerators ; aa are hoppers formed of cast-iron cylinders 
Buppt>rting clay cylinders attached to them at their lower ends and reaching down 
into the furnace. Hound each hopper is a fire space, ss, into which flame ascends 
from the furnace sufficiently to keep the hopper and its contents red hot. Each 
liopper has also a wrought-iron pipe, o, dipping down into it and connected with a 
main above, so that a current of ordinary combustible gas from the gas-producer may 
be forcetl in amongst the heattKl ore. 

These hoppers are filled with iron ore, which is charged into them from above, after 
tome charcoal has at first been introduced to form a basis for the ore in starting, and 
about half a ton of pig iron is placed upon the bed or hearth of the furnace through 
port-holes at the back or front. By the time the pig iron has melted, the ore in the 
lower part of the hoppers will have been reduced by the action of the gas, and the. 
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metallic sponge, sinking down into the bath of molted pig iron, is readily dissolved by 
it, thus making r^m for the upper portions of ore to sink down, become reduced and, 
in due course, dissolved in the bath of melted iron, fresh ore being continually 
supplied from above.' This is continued until such time ns the amount of carbon in 
the melted metal has been so fhr roduocKl ns to correspond with the kind of steel 
reejuired, and then the charge is run otFinb^ an ingot mould. 

This kind of furnace has also been u.scd for manufacturing steel from scrap iron 
and old malleable iron rails, the only difforeneo in this case being that, in place of 
the vertical hoppers above deseribod, the furnaces have slanting hoppers, thrmigh 
wliich tlio bars of iron are introduced, .so that their cmls rest in the l)iitli of liquid 
metal, the bars sli<ling down as the metal is dissolved. 

It is probable that in this operation tho atnios})hem of the furnace may itself con- 
tribute in part to tho production of steel V)y direct carbxiratiou of tho malh'alde inm, in 
consequence of its being free from tho surplus oxygen present in an ordinary rever- 
beratory puddling furnace, and being relatively much more highly carburettoci. But, 
however this may bo, there can bo no thjubt as to tho practical advantage of tho non- 
oxidising nature of the furnace atmosphere. In cx)nsc(iue!ico of this, arid of tho small 
consumption of fuel, tho charge of inotal may bo kept for somo length of lime in a 
melted state without suffering injury. Tho progress of tho operation may bo ascerbtinod 
by removing from time to time a sample of tho mobd, un<l thus the character of the 
product may bo regulated as required. 

This method of producing stool, or that kind of steely iron which is now so much in 
demand for rails, has also a further advanbige beyond effecting economy of fuel atid 
admitting of old material being made servicoaible again ; for, while the ores from which 
rails are made generally contain too much phosphorus to admit of st(*el being made 
from them directly, tho malleable iron obbiinod by puddling pig iron «meUe<i fnmi 
those ores is comparatively poor in phosphorus, tho puddling operation being up to 
tho present time tho most effectual means of separating phospliorus and sulphur from 
iron. B. H. I*. 

XSATAlfB. — This compound, which Laurent obtained by boiling 

disulphisatyde with acid ammonium sulphite (iii, 404), is likewise pixxlucod by tho 
action of sodium-amalgam on isatin, in a solution kept acid by continual addition of 
sulphuric acid. It may bo extracted by ether from tho neutralised solution, and 
crystallises from ether or hot absolute alcohol in small white cubes insoluble in water. 
The alcoholic solution forms with ammoniactil silver nitrate a white precipitate of 
silver isatane, Heated with alcoholic pobish to ld0°, it forms potas- 

sium dioxindol and indiretin : 

C«2H«N<0« + 2KHO C'«H’*K»N20‘ + C‘«U'«N>0« 

(Knop, J, pr. Chem. xcvii. (>/>), 

ZSATZe AOm. Syn. with Trioxindol. (See Int>oi., p. 7114.) 

The following salts of bromisatic acid have been exarainotl by (Icricko {J. pr, Chem, 
xcv. 176, 267): , 

Potassium salt, C"H*BrNO*K, easily soluble, cauliflowor-like crystals. “ ^ 

Sodium salt, C"H‘BrNO*Na, warty crystjils. 

Silver salt, C*H*BrNO*Ag, light yellow needles. 

Barium salt, (C*H*BrNO’)^Ba, sparingly soluble yellow crysbils. 

Copper salt, (C*H‘BrNO*)’*Cu 4- 2H‘^0, red granular j>rocix>itate. 

Ijead salt, (C*H*BrNO*)*Pb -l- 2H*0, scarlet crystalline proclpitato. 

Zinc salt, (C"H»BrNO»)*Zn + 2IPO, ., 

The potassium salt also forms yellow or brown precipitates with most other metallic 
salts. 

XttATnr* C*H*NO*. — On the preparation of isatin, see Goricko and Knop {Jahresb. 
1865, p. 480). Oa the constitutional formula, see Indoi. (p. 734). 

Isatin suspended in water is converted by sodtum-umalgam into dioxindol 0? 
hydrindic acid (p. 734). With tin and hydrochloric acid it forms indiretin, C'GI’^NW' 
(p. 728), together with another body which separates os a violet-rod powder on 
evaporating tho liquid filtered from the tin sulphide. This b^y heated to 180<> is 
cjonverted into a sublimate of yellow shining spangles, insoluble in alcohol, ether, and 
benzol, and not attacked even by concentra^ acids and alkalis (Knop), 

Isatin heated to 100® with hydriodic acid of sp. gr. 1*4 is converted, with sepa* 
ration of iodine, into isatydo, and then at 140 ® into a dark green insoluble 

mass, which when freed from iodine by washing with sulphurous acid and with water, 
consists of three bodies. On treating this mass with boiling alcohol, a grey, nearly 
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black residue, isatochlorin, is left, whilst a white and a red body pass into solution. 
On mixing the alcoholic solution with water, and treating the resulting preoipibii© 
after drying, with ether, the white substance isatone remains nndissolvcd, while the 
red substance isatopurpurin dissolves. 

leatochlorin^ is insoluble in alcohol, ether, ami acetic acid, burns with- 

out melting on platinum foil, and dissolves when hejited with tin and ciiustic soda, to 
» yellow liquid, from which hydrochloric acid throws down white flocks turning green 
on exposure to the air. 

reciystallised from warm alcohol, forms yellowish-white slender 
needles, which melt when heated, and then carbonise without subliming. 

Isatop^irpurin, obtained by evaporating the ethereal solution abovci 

mentioned, freed from a yellow substance by treatment with hot soda-ley, and recry- 
stallised ftom glacial acetic acid, forms slender needles, dark red in the moist sUite, 
violet-red when dry. It is distinguished from indin (iii. 264) by its larger amount of 
carbon, and by its greater solubility in acetic acid and carbon bisulphide. Treat eti 
with tin and soda-ley, it dissolves, and the solution yields with hydrochloric aci<I a 
white precipitate which turns red in conUict with the air (Schiitzenberger, Bull. iSV/c. 
€him. [2] iv. 170). 

An alcoholic solution of bromisatin heated with ammonia and evaporated, deposits 
bromimasatin, in brownish-yellow crystalline masses or granules. 

Oil boiling bromisatin with strong alcoholic ammonia, and leaving the dark brown- 
reii solution to evaporate, brom i mesati ii, C’H^BrN'^O, is deposited as a yollo\y- 
brown crystalline substance. Bromamasati n, C='='H'^®Br‘N*0^ (?)» is produced bv 
evaporating an aciueoiis solution of ammonium bromisatato, and remains on treat- 
ing the pasty residue with water, as an orange-yellow substance, slightly soluble 
in water, insoluble in alcohol and ether, but dissolving with violet colour in acids. 
Bromisamic acid, ()'®II’*Br^N*0*, separates from the potash-solution of bromama- 
satin, on neutrali.sation with dilute hydrochloric acid, as a powder of a fine red colour, 
nearly insoluble in water, but easily soUible in alcohol and etlier. Its pohissium siilt, 
and its barium salt, crystallise in sparingly 

soluble yellow nt^edles ; the solution of the potassium salt gives yellow, brown, or 
l)luish-re<l precipitates with most metallic salts. A hot alcoholic solution of bromi- 
satin treated with hydrogen sulphide deposits a yellowish-white ptiwder consisting 
of trisulphobromisatyde, C®H*BrNO^Sij (?), and disulphobromisatyde, 
C"n*BrN0S (Oerickc, J. pr. Chem, xcv. 176, 257 ; Jahresb. 1865, p. 580). 

Compounds of hatin with Sulphites (H. Schiff, Ann. Vh. Pharm. cxliv. 45 ; Zeitschr, 
f. Chem. [2] iv. 13). — Laurent flowed that isatin unites at the boiling heat with the 
acid sulphites of ammonium and potassium, forming compounds which ho regarded as 
salts of a peculiar acid called isato-sulphnrous acid (iii. 410). According to 8chiff, 
these compounds are easily formed at ordinary temperatures, and are analc^us in 
comyiosition to the compounds of the aldehydes with alkaline bisulphites, so that 
the assumption of a peculiar isaittjsulphurous acid is unnecessary. Isatin, like the 
aldehydes, also combines directly with the acid sulphites of primary monaraines. 

Aniline salt^ C^H^NO^.C^H’N.SH^O^ On mixing the solutions of isatin in 
aqueous aniline and in aqueous sulphurous acid, the colour of the mixture immediately 
changes from orange-rod to light straw-yellow, the Ijquid previously saturated with 
isatin becomes capable of taking up fresh quantities of it, and the solution yields 
on evaporation crystals of the compmind of isatin with acid sulphite of aniline. 
This compound when separated from aqueous solution is always yellowish ; from 
solution in ether it is obtained in white needles which shrink together consider- 
ably wheti pressed and dried. The corresponding amyl a mine-compound crystallised 
from c'thet has the composition C*lI*NO*.C*H**N .SH-O’, and is likewise easily 
soluble in water and in alcohol. Similar compounds are obtained with the sulphites 
of etkylaminc and toluidine. 

The preceding compounds are decomposed by acids, with separation of isatin ; by 
alkalis with formation of isatatos ; hence in an acid or ammoniacal atmosphere 
they g^dually assume a yellowish colour. The anilino-compoimd heated by itself 
ftrst gives off sulphurou.s anhydride, then water, leaving a resinoius mass which 
solidifies on cooling, and when several times recrystallised from other-alcohol yields 
browhii^ ciystals of ph enylimesatin, C* : 

C*lI*NO«.C«H'N.SH*0* = SO* -h 2H*0 + 

This lattc4r compound, which contains the elements of isatin and aniline minus 
H*0, was obtained by Engelhardt by the action of aniline on isatin in boiling 
Hklcoholic solution (iv. 4^5). 

jCn like manner, amyli me satin, C‘*H'*N*0 = C*H*NO* + C*H'*N — H*0, and 
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.thyl-phenylimesatin, C>‘H“N*0 = C»H‘NO> + 20'H*(0>H*)N - H*0 are 
prcKluced by hottting isatm with amylamiiie or ethylimiline. Both arestightly soluble 
in ether, Mgily lu alcohol, crystallise with ditbculty in yellow laminse, and are decom- 
posed by dilute acids or by prolonged treatment witli water, with roproilucliou of iealin 
and tile bases. 


See IsATix (p. 758). 


ZSATOCB&ORZnr. 

XSATOXTB. 

ZS ATOP VRFtTRZir. 

XSATROPZC ACZ 1 >. See Atuopic Acid (p. 250). 

ZSO-AXiZiOaLAZrZC AGZD. Soo Alloxan (p. 90 ). 

ZSO-AllZTX*AllZZWrB. See Amylamink (p. 110 ). 

ZSOOZOATSTSARZC AGZS« ('*”11**0*, is prtxlnctHl by piNtbrnfrotl boiling f»f a 
sttlution of oxyoleic acid in dilute potash-ley; in small (pumt il y also, her with 
the latter, by trituniting oloic dibmmitle, 0*”U*'Bi-‘*0-, with urn'ist silver oxide. It. 
crystallises from {ilcohol in white laminm consisting: of well-th'fiMo<l rhombic tivbloH, 
molts at 1 JC , soliiiifios t-o a hard, alabuster-Iikc, mm crystalline mass, and carbonises 
at about 260®. Its salts are mostly crystal! i sable. The' t n/tiMM milt ((l'”iI«H)‘)-Ca 4 - 
H‘^0 crystiilliscs from dilute alcoholic solution in lamiiuc r^s^^mblin-r ih,, ucid ; tho 
barium salt ((;'”Il*'^0‘)^J5a is a granular precipitate, insoluble in water iv!\d in alcohol; 
tho flocculent silver salt C'*II*’'‘OUg is likewise insolublo in alcohol (Overbook. Ami 
Vh. Pkarm. cxl. 39). 

ZSOZITTXiCZTBa — A crystalline sugar produced by llic aotiuii of diluto 

acids on quercitun (v. 1091). 


ZSOBVX.CZTZC AOZX>. (Malin, Ann. Ch. Pharm. cxlv. 197).-<This 

Ht*id, first observed by Hlasiwot.z a. rfaundlor, is produced by the oxidation of 
isodulcito. It is prepared by boiling isodulcito for an hour with nitric acid of 
sp. gr. 1*33, evaporating tho excess of that acid in the water-bath, slightly super- 
saturating tho diluted solution with milk of lime, ami prucipibiting will) lead acetate. 
By d(u*oin posing the well -washed load salt with hydrogen sulphide, and cvajKirntiiig 
(he filtrat-e, isodulcitic acid is obtaino<l as a faintly coloured syrup, which on standing 
yields granular vitreous crystals, nearly iusolublo in alcohol, but easily soluble in 
water. Tho acid has a pure and agreeably sour taste, does not reduce alkaline 
cupric solutions, melts with brown colour at *109®. When drietl over sulphuric acid 
it has tho composition above given. Tho harinm salt (J'dPBaO”. ami the rafeium salt 
C'^H^CaO** (dried at 120°), arc wliito, scarcely crystalline precijiitalc s ; tho cadmium 
salt ClPCdO® forms indist inct crystalline d<*posils and crusl.s; the white ju'ccipitute 
(ormefl by load acetate has noariy tho com)X)sition ; the ammonium salt 

forms a hygroscopic crystalline mass ; tho silver salt a white precipiUitc moderately 
soluble in water. 


ZSOZTTMARZC AOZl>. See Isohalic Ac in. 

ZSOSnrBROaSS&ZiZTZO ACZX>. Soe Mullitio Acio. 

ZBOPIAAZO ACZII. (iii. 796).-— Further observations on this acid 

have been published by Kammeror {Ann. Ch. Pkann. cx%x\%. 257; Jahresh. 1863, 
p. 378). It crystallises, acc<jr^ing to inoiisureracnts by f'arius, in well-defined 
augitoi'dal monoclinic combimitions, ooP . ( ooP/t) . +P. — P having tho anglo 
c»P ; qdP (clinod.) • 104°; ( ooPn) : ( oe>Pw) (orthod.) =. 156°; + P ; + P 
156° Kf ; —P : —p ■* 164° 16.^ It dissolves eiisily in water and in alcohol ; tho 
aqueous solution is optically inactive. It moist air the crystals become turlpd without 
deliquescing ; they melt like diglycollic acid, exactly at 49°, but the acid cannot bo 
Yecrystallised after fusion. Isofwnaryl chloride^ C^H^O^Cl*, producefl by the action of 
pliosphorus pontachloride on potassium isomalate, is partly decomposed by distilla- 
tion* and may be separated by ether from the mass left after tho removal of the 
phosphonis oxyehloride. It is a dark brown liquid, which is converted by water into 
i»ofwnaric acta, C*H*0*, formerly called isomaleic acid (iii. 788). 

Isomalic acid heated to 160° gives off water, and yields a yellowish oily distillaio 
which after a while reacts on the water in the receiver, in such a manner as to form 
pyro- isomalic acid, C*H*0*. This acid forms largo colourless crystals, which 
appear under the microset^ as long, four-sided radially united rhombic prisms, 
frequently having their oblique longitudinal edges replaced by faces. By prolonged 
exposure to the air th^ deliquesce, and cannot ^ recovered by evaporatiim, inasmuch 
as the acid volatilises completely with the aqueous vapour. Its calcium salt is 
crystalliiia asd almost insoluble; the barium salt slightly s^dublc and amorphous; 
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the silver salt is pasty and reducible by heat; the le^ saltO^eyhO^ ia a bulk* 

preciptate, becoming crystollo-granular when heated with water. ^ 

XSOMCBKXSIIK. On the simultaneous formation of isomeric bodies in definite 

proportions, see Rosenstiehl {Compt, rend. Ixx. 260; Zeitschr. /. Chem. [2J vii. 249). 

XSOMORZir. See Morin. 

ZSO30'XT]lOPKZ:xrO&. See Phenot., Derivatives of. 

XBO^OXT'StrmXC Jkcxn. See Isobutfric Acib, under Butyric Acid 
(p. 378). 

XSOPHTBAUC ACX1>. See Phthatic Acid. 

zsopzarzc ACZB. See Opinic Acm. 

XSOPBOPACSTZC ACXID. See Vaberic Acid. 

XSOPSOPACSTOPTB. See Ketones. 

XSOPBOPTXi*CAJlB*irXA.llKXlffi:. See Cyanides, Alcoholic (p. 560). 

ZSOPBOPVXi-COXMlPOinxrSS. See PiioPYE-coMPOirNDs. 

ZBOPYltOllISXiZiZTZC ACXB. See Meixitic Acid. 

ZSO-irvZTZC ACZB. See Gamboge (p. 628). 

ZTABKOnCOP'SrKOTAltTAJKXC ACZBS. ) ^ ^ 

___ t See Pyrotartaric Acid. 

ZTACBXiOROP'rBOTABTABXC ACZBS. j 

ZTACOXrZC ACXB. C^IPO* or CO'^H— CIP— C— CH^— CO^H (see Acids, 
Organic, p. 48). — Wilm (Ann. Ch. Pharm. cxli. 28) prepares this acid by subjecLing 
citric acid, previously dehydrated over the water-bath, to dry distillation, till the 
distillate exhibits a light brown colour, and heating this distillate, which is a con- 
centrated solution of citraconic acid, to 120®-! 30*^ in sealed tubes, whereby it is 
quickly converted into itaconic acid. The contents of the tube solidify on cooling b) 
a crystalline mass of itaconic acid, which separates from concentrated aqueous 
solution in rhombic octohedrons, aggregated into a hard crust. 

Itaconic acid heated with aqueous hydrobromic, hydrochloric, and hydriodic acids, 
unites directly therewith, forming itamonobromopyrotartaric acid, (y^H’BrO^, and 
the corresponding acids C^H’CIO* and With excess of hydriodic acid 

iodine is separated, and pyrotartaric acid, C“II*0^, is pnxluced. Itaconic acid treated 
with chlorine is converted into iUvdichloropyrotartiric acid, C*H*CPO^ (Swarts, 
Bull. Soc. Chim. [2J iv. 374; Jahresb. 1865, p. 392; 1866, p. 404). See Pyro- 
TARTARic Acid. 

Paraconlc Acid. — An acid isomeric with itaconic acid, prodiiceii by 

abstraction of HCl from itamonochloropyrotortiric acid. It is prepared by heating 
this chlorinated acid with water to 140^ for several hours in a sealed tube — or better 
by boiling it for 48 hours in an open vessel — neutralising with calcium carbonate, 
precipititing the calcium salt of itamalic acid, formed at the same time, with alcohol, 
mixing the filtrate with ether, and decomposing the calcium paraconate thereby 
separated, with oxalic acid. A better mode of preparation is to boil the solution of 
itachloropyro tartaric acid with silver carbonate. The filtered liquid on cooling 
deposits hard shining crystals of silver paraconate, from which the acid may be 
separated by hydrogen sulphide. 

Paraconic acid forms a crj'stalline mass resembling itamalic acid. It is very 
soluble iu water and in alcohol, sparingly in ether ; molts at about 70® ; is converted 
by dry distillation into citraconic anhydride, C*H*0*, and by hydrobromic acid into 
itamonobromopyrotartaric acid. 

Paraconic acid is monobasic. The metallic paraconates have a great tendency to 
change into itamalates, the latter being formed indeed whenever paraconic acid is 
neutralised with a base. The paraconates are preparf>d by decomposing silver 
paraconate (obtained as above) with a metallic chloride, but even then the product is 
sometimes not a paraconate, but an itamalate. The most stable paraconates are the 
calcium and silver salts. The calcium sail fC*H*0*)*Ca + 3H*0 is easily soluble, 
and crystallises in slender shining needles, which give up 1 mol. water on exposure 
to dry air, the other two at 120®. The silver salt C*H*0*Ag crystallises from hot 
Water in stellate «oups of needles, and when boiled with silver oxide is converted 
into itamalate. The sodium salt C*H*0*Na, ciystallises by evaporation in a vacuum 
in confused deliquescent needles ; its solution becomes acid when heated, and then 
after neutralisation yields the gelatinous sodium salt of itamalic acid (Swarts, 
tTahresh. 1867, p. 474). 

XTA-ZOBOP'raOTABTABZe ACZBS. See Pyrotartaric Acm. 
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(SwarU, BuU. Aca^. Bdff. [2] xxir. 25; BM. 
Soc. Chim, [2] ix. 317 ; LfAoTatory^ p. 369). — This acid, homologous with malic acid, 
is produced by heating itamonochloropyrotartaric acid with bases, the change con- 
sisung in the replacement of the chlorine by hydroxyl : 

C»H’C10^ + H*0 « + HCl. 


When, howerer, water alone is used, paracomc acid is formed at the same time, which 
is difficult to separate. It is bettor, therefore, to boil the chlorinatod acid in dilute 
solution with an alkaline carbonate till it is neutralised, then evaporate saturate 
with hydrochloric acid, expel the excess of the latter by heating over the water-bath • 
extract the itamalic acid by means of ether free fronralcohol ; distil off the greater 
part of the ether ; and crystallise the itanialic acid over sulphuric acid. A still 
better method is to heat a solution of tlie chlorinattwi acid with calcium carbonate as 
long as carlKin dioxide continues to osenpo. then ovaponito to a syrup, and add a 
largo quantity of alcohol, which dissolves the calcium chloride, and tlm)W8 down a 
gummy mass consisting of a soluble modification of itamalato. On decanting the 
alcoholic liquid, and heating this mass with a fresh portion of alcohol, it is trans- 
formed into a pulverulent insoluble precipitate, which is easily washed, and may then 
bo suspended in water, and decomposed with a quantity of oxalic acid exactly 
sufficient to remove the calcium. The filtored solution may then be evaporated and 
left to crystallise over sulphuric acid. 

Itamalic acid crystallises from a syrupy solution in long white interlaced needles. 
It is extremely soluble in water, and rapidly absorbs moisture from the air ; dissolves 
also in alcohol and in ether ; has a pleasant sour taste, but no .•fmcll. It melts at 
60^-65°, and volatilises with vapour of water oven at 100^^. It is resolved hy dry 
distillation into water and itaconic acid, which is partly converted by further 

dehydration into citraoonic anhydride, just as malic acid, is resolved 

into water and fumaric acid, and converted by further dehydration into 

maleic anhydride, C^H*0*. 

The relation of itamalic acid to itaconic and itaclilorojiyrotartaric acid is reprosontod 
by the following formulae : 


COOH 

COOH 

COOH 

1 

CHK 

1 

1 

cmi 

1 

CHH 

i 

j 

CTICl 

j 

1 

Oil OH 

CHII 

CHH 

j 

j 

(Till 

1 

COOH 

COOH 

1 

COOH 

Itsconic. 

ltiu5hlorf»- 

pyrotartaric. 

Ituitmlic. 


Itnmalic acid is therefore triatomic and bibasic, and may bo represented by the typical 

H 

formula When heated in a scaled tube with hydrobromic acid, itgivM 

H* j 

up its alcoholic hydroxyl in exchange for bromine, and is converted into itamonobromo- 
Br ) 

pyrotartaric acid, (CTPO®)' 

H* j 

Itamalic acid forms both acid and neutral salts. Tho latter may bo formwl by' double 
decomposition, when insoluble, or by docomxKJsing itjichloro- or itabromo-pyrofartaric 
acid with metallic hydrates or carbonates. They have a remarkable tendency to 
assume at first a pitchy or gummy state, but may be ronderod pulverulorit and crystal- 
line by prolonged boiling with water, A neutralised solution of itamalic acid forms 
a brownish-red gelatinous precipitate with ferric salts ; greenish-blue with cupric salb# 
after some time or on boiling ; white with load nitrate (with tho acotato only on addi- 
tion of ammonia) ; and with silver nitrate a white gelatinous precipitate, soluble in 
boiling water, insoluble in a solution of silver nitrate, and depositodT after prolonged 
boiling in the form of a crystalline powder. The acid itamalates may be obtained by 
the ordinary methods, or by heating the aqueous solutions of tho paraconates : 

+ H»o - c*H*(]vni)0» 

Faraconsto. AcLd Itamalale. 


Sodium Ttanudaie^ C’'H*Na*0*, is obtained by boiling iUchloropyrotartaric acid with 
todiTun carbonate, and mixing the neutral solution with alcohol, as a syrupy liquid, 
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which by prolonged boifing with water is converted into a cryntellhio mass. The ae'ul 
ammonium salt C*H^(NH*)0‘.C‘H*0* remains on evaporating its solution over 
sulphuric acid, as a fibrous mass, separating from hot alcohol in small hexagonal 
tivbles like barium chloride. The calcixm salt C^H^CuO* + H^O, prepared as above 
described, forms a chalky powder more soluble in cold than in hot water, and converted 
by long contact with cold water into the gummy soluble modification. Nitric acid 
converts it, not into an acid salt, but into the trihydrated salt C*H*CaO* + 3H’0, which 
separates in small hard crystals. The lead salt C*H“PbO*, obtained by precipitation, 
forms a curdy mass which melts in hot water (like the malate), but loses this property 
after long boiling. The sib^ salt OH®Ag®0* is a gelatinous precipitate, prolwbly 
containing 1 mol. water ; it dissolves in hot water, and separates after prolonged 
boiling as a crystalline powder. The copper salt C*H®CuO* is precipitated slowly 
from hot solutions as a greenish-blue crystalline powder ; by neutralising the free acid 
with cupric hydrate, the basic salt 2C®H*CuO* . CuO is obtained. Ethylic itamalate 
is a colotirloss liquid having an agreeable peppery odour, but not distilling without 
decomposition. 

XTA.TAJtTAllXO ikCXB. C*H“0* (Wilm, Ann. Ch. Pkarm. cxli. 28). — An acid 
produced by the action of hypochlorous acid upon itaconic acid. When a 1 p. c. solu- 
tion of hypochlorous acid mixed with the levigated mercuric oxychloride formed in its 
preparation (p. 438) is gradually added to a sedution of sodium itaconate containing 
nf>t more than 2 p. c. of the salt, cooled by ice an<l excluded from light, the liquid in 
five or ten minutes loses the odour of hypochlorous acid and acquires an agreeable odour 
of chloroform. With more concentrate solutions the action is so violent that com- 
plete decomposition takes place, attended with evolution of carbon dioxide. The 
filtrate freed from mercury by hydrogen sulphide contains the additive product 
C*H’C10* (which may be dissolved out by ether, but cannot be separated in the pure 
state), and on evaporating the solution, this compound* is converted into itatartaric acid, 
as shown by the equation : 

C‘H'C10» + H*0 « HCl -I- C»H»0* 

To obtain the itatartaric acid, the liquid, freed from hydrochloric acid by repeated 
evaporation, is precipitated by lead acetate with addition of ammonia; the washed 
precipitate is decomposed by hydrogen sulphide ; the filtrate is carefulljjr concentrated, 
then freed from the rest of the chloriiio by silver carbonate, and from silver by hydnD- 
gen sulphide, and left to evaporate in a vacuum. Or the residue, consisting of 
itatartrate and chloride of sodium, is mixed with the requisite quantity of sulphuric 
acid, and the acid extracted from the dried mass is purified by conversion into a lead 
salt. 

Pure itatartaric acid is amorphous, vitreous, smolls like honey when gently heated, 
deliquesces in the air, dissolves easily in alcohol, and does not volatilise perceptibly at 
100® with aqueous vapour. The itamalatos of the alkali-metals do not crystallise ; 
they prevent the precipitation of ferric oxide and cupric oxide by alkalis. Calcium 
itatartrate, C*H*CaO* + H*0 (?), forms crystalline masses sparingly soluble in water. 
The barium salt C^H"BaO* (at 100°) is amorphous, easily soluble in water, and pro- 
cipitable therefrom by alcohol. The copper and tine salts are amorphous and easily 
soluble. The lead salt C*H*PbO* is sparingly soluble in water, and crystallises from 
a mixture of the ammonium salt with lead acetate in highly lustrous monoclinic 
tabular crystals with truncated summits. The silver salt C^lI*Ag’0* is a bulky pre- 
cipitate soluble in water, but not recrystal Usable without decomposition. 

Itatartaric acid is resolved by dry distillation between 125° and 170° into carbon 
dioxide, water, and pyro-itaracemic acid, which condenses in oily streaks 

in the neck of the retort : 

C»H"0® = CO* + H*0 + 

between 190° and 230° colouretl emp 3 rrettmatic products are formed. On evaporating 
the distillate over sulphuric acid in a vacuum, pyro-itaracemic acid remains as a mafw 
having an acid odour, easily soluble in water and in alcohol, volatilising with vapour 
of water. Its salts do not crystallise. The barium salt (C*H*0*)*Ba + H*0 (dri^ at 
100°) is amorphous and glossy ; the le-ad salt, which is likewise amorphous, is, after 
drying, sparingly soluble, but hygroscopic ; tho silver salt is scduble and very easily 
decompomble. 
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On the comjwBition and localitieE of soveml varieties of this mineral, see 
Pamour {CvmpL rend, Ivi. «61 ; Ixi. 313, 367 ; Jahresb. 1865, p. 880). 

J AJtOBXW. This mineral, from Uie Sierra Almagrera in Spain, has, according 
to Ferber {Jahrezb. 1864, p, 860), the composition K^SO* . &Fe*0’ . SO* + lOaq. 

JTASram. An whre-yellow jasper of sp. j>r. 2*69 from Isle Royalo in I^ko 
Superior, has, according to Stieren {Jahrezh. 1864, p. 848), the composition 67*33 p. c. 
SiO*, 24*87 AFO», 1*68 MgO, 3*23 Fe*0», 1*29 K^O, and 1*68 water 

J’B71*aatZ8nB. This name is given by Brush {SUL Am. J. [2] xli. 248) to the 
cliloritic mineral from the serpentine of Westchester, Pennsylvania, formerly regarded 
by him as a variety of vermiculite (v. 997), but now recognistd as a distinct species, 
inasmuch as it is optically biaxial. A similar mineral, also laminar and decrepi- 
Uiting, has lately been found in Japin, on the peninsula of Kadzusa, sonth of Yeddo. 

JOBXiTTBa A mineral related to hisingerito, from Bodonmais in Bavaria. It is 
compact, with flat-conch oidal and splintery fracture, of dark brown colour, translucent 
with green or brown-red colour in thin splinters ; powder leek-groen to light greyish- 
green. Lustre faintly unctuous. Hardness *= 3. Bp.gr. » 2*61. Molts with diffi- 
culty before the blowpipe, with slight intumescence, to a black slightly magnetic or 
non-magnetic mass. Gives by analysis 36*65 SiO®, 27 77 APO*, 16*67 FeO, 6*66 MgO, 
and 13*18 water, corresponding with the formula 3(2FoO ; MgO.SiO*).2(2APO*.SiO*) 
+ 12H^O (v. Kobell, J. pr. Chem. xciv. 496). 

JT O&BA.M’ZXX, A rhombic sulphur-compound, not yet analysed, but probably a 
sulpharsenite, occurring, together with dufrenoysite (ii. 347), in the Binnenlbal (G, v. 
Hath, Pogg, Ann. exxii. 371 ; Jahresb. 1864, p. 827). 

JTirciXiiijrB. The green shell of the walnut {Juglann regia) contains a yellow 
substance {regianin) which crystallises in elongated ootohedrons or needles, dissolves 
easily in alcohol and in benzol, and changes in a few hoiirs into an acid {regianic acid), 
which is black, amorphous, resinous, forms with alkalis soluble salts having 
a fine purple colour, and with load oxide an insoluble brown-violet salt, PbO . 
^hipson, Compt. rend. Ixix. 1372). Kcgianin appears to be identical with Vogel a. 
Keischauer’s nvucin (iv, 143), The epispenn of the nut contains a tannin. (See 
NcciTAKinN,) 


K 


JB Bn i Mn t TO ICTB. J. B. Pearso {SUd. Am. J. [2] xxxvii. 211) has analysed 
thr^ diflTerently coloured varieties of this mineral from Lancaster County, Pennsyl- 
vania, in rhombic crystals of hardness 2*76, resembling many varieties of chlorite : A, 
pure green ; sp. gr. 2*365 ; B. reddish-green ; C. red ; sp. gr. 2*383. 

aiO* A1*0* Cr^)• FeO NIO CsO MgO H*0 

A. 28*622 18*375 1*967 3*734 0*370 1*446 82*125 14 025 « 100*664. 

B. 31*857 13*746 2*154 2 370 0 215 1*273 34*901 18*982 - 100*498. 

C. 31*315 12*840 2*985 2*475 0*450 0*815 35*020 13*200 - 99*100. 

From these analyses, Pearse calculatmi, for the green variety the formula 
2Al»0*.9Mg0.6Si0* + 8H*0, and for the and reddish-green varieties, which may 
he regarded as identical, the formula 2A1®0*, 13Mg0.7ffiG* ■+• 10H*O. 

A^rding to J. P, Cooke {ibid. xliv. 201), the crystals of ksemmererite are optically 
biaxial, exlubiting faint but ^tinct positive double refraction ; they are also dichrole. 
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tho crystals of the violet variety (violet chrome-chlorite) tr^niimittiDg; lig^fe^with violet 
colcur in the direction of tho optic aatie, while in all directions at right angles to this 
axis tho ordinary ray is violet, the ead^raorrlinary ray hyacinth-red. 

XiLZXrZTlI (from KaivSs, new). A double salt, consisting mainly of potassinm 
chloride and magnesium sulphate, occurring in the I^opold shaft of the Stassfurt 
salt-works. It forms a fine-grained mass of yellowish or grey colour ; does not 
become moist in tho air, hut effloresces over sulphuric acid. According to Kammels- 
berg (J. pr. Ch&m. xcix. 63; Jahresh. 1867, p. 961), it consists of KCl.MgSO* + 
about J of the potassium being replaced by sodium. The purer yellow variety 
gave by analysis 14*62 p. c. Cl, 13*54 K, 1*30 Na, 32*98 SO®, 16*49 MgO, and 21*00 
water. Its aqueous solution first deposits the known double salt K*Mg(SO*)2 + 
eH'-'O ; afterwards magnesium sulphate, MgSO^ -+■ 7H^O, while the chlorides of 
magnesium and potassium remain in the mother-liquor. The magnesio-potassic 
sulphate is likewise precipitated from the solution of kainifce by alcohol (Rammels- 
bcrg). See also Zinckon and Reichardt {Jahresb. 1866, pp. 899, 900). According to 
Frank {Jahresb. 1868, p. 1019), kainite contains 36*34 K^SO*, 26*24 MgSOb 18*95 
MgCP, and 19*47 H*0, agreeing with the formula K^Mg(SO*)“.MgCP -f GH^O. 


BLA.OUir, XAOXtZiarZTB. S. W. Johnson and J. M. Blake {SiU. Am. J. [2] 
xliii. 351, 406) propose the name Kaolinitc for tho minerals hitherto designated as 
phalerite, nacrite, lithomarge, and kaolin. They also describe a kaolinite occmring 
on Summit Hill, Pennsylvania, in small scaly crystals, and containing 46 93 p. e. 
SiO*, 39*81 APO®, *w'ith traces of ferric oxide, and 14*02 water. For analysis of 
kaolin-earths from various localities, see L. Knaffl {Dingl. pol. J. clxxiv. 29*2; 
Jahresb. 1864, p. 846). 

To distingush kaolin from common clay, Eisner {Dingl. clxxv. 85) agitates it in 8 
test-tube with pure strong sulphuric acid, till a uniform mixture is produced ; decants 
tho acid after subsidence ; dilutes it carefully with six volumes of water ; and 
supersaturates tho cooled solution with ammonia. Kaolin thus treats separates but 
slowly from tho strong acid, and tho diluted acid solution gives an immediate white 
precipitate with ammonia ; whereas ordinary clay is but slightly atbicked by the 
acid, separates quickly from it, and tho acid after dilution gives but an insignificant y 
procipitete with ammonia. 

X.BROX.ZT1! or CBROXiZTE (i. 836). An applo-groon variety of this mineralir 
from Lake Itkul in tho Ural, was found by R. Hermann (i/. pr. Chem. xcv. l^.^) te 
contain 47*06 p. c. SiO*, 31*81 MgO, 2*80 NiO, and 18*33 water. 

BlBTOZrZiS. Acetones (Friodel, Compt. rend. xlv. 1013; xlvii. 562; Iv. 63; 
Ann. Ch. Pharm. cxii. 236, 376. Freund, A^i7t. Ch. Pharm. cxviii. 1. Frankland a. 
Duppa, Phil. Trans, clvi. 37 ; Chem. Soc. J. [2] iv. 395 ; v. 102 ; Jahresb. 1866> 
p 304; 1867, p. 394. Gcuther, Jahresb. 1863, p. 323; 1866, p. 302. 'VV’anklyn, 
Cfiem. Soc. J. [2] ii. 371 ; Chem. News, xviii. 121, 181 ; Jahresb. 1864, p. 461 ; 1868,^ 
p. 609). — Organic compounds consisting of carbon monoxide united with two alcohol- 
radicles ; e.g.^ ■ 

Common Acetone, CO j 

The two alcohol-radicles maybe either similar, as in the example Just given, OF 
they may be dissimilar ; e.g., 

Mcthyl-cthyl Kotoin*, 


Sometimes the ketones are written as consi.sting of acid-forming radicle 
with alcohol-radicle. This was the case in Gerhardt’s IVaiti de Chimie organiqus* 
But, inasmuch as it has been shown that mothyl-propionyl and acetyl-ethyl are 
identically tho same things (see Popoff, Jahresb. 1867, p. 399), we are compelled to 
regartl the distinction between the acid-forming and alcohol-radicle as lost in 
production of the ketone. Moreover, ketones are actually generated by union 
between carbon monoxide and nascent alcohol-radicles ; e.g.^ 

CO + 2NaC2H* = Na* + CO(C*H*)*. 

The ketones form a very well-marked natural family, and exhibit the do 
resemblance to one another. All tho lower members of the family are thin col^l« 
liquids, possessing a peculiar penetrating smell, which deserves to be callw 
ketone-smell. Tho lowest ketone, 'vist. common acetone, is soluble in water in 
proportions ; and all tho ketones are perceptibly soluble in water, and likcniM|j 
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dUsoIve a quantity of water, which they retain with some degree of obsUnncy. 

Ketonea haY© little or no tendency to take up oxygen from the air, in this respect 
being different from aldehydes, which haye this tendency, and are composed of 
(lurboii monoxide with one equivalent of alcohol-radicle and one equivalent of 
Hydrogen; e.g.^ 

Common Aldehyde, CO | 

Ketones undergo very precise oxidation hy treatment with a mixture of bicliromat© 
of potash and dilute sulpliuric acid of a certain strenjertli (viz. Ji solution containing 
8 per cent, of the bichromate, and just enough sulphuric acid to forn\ clm)me-ulum). 

The products of oxidation by means of such a ciironio-solution employed at 
tomperaturos not exceeding 100*^ are acids of the acetic series. A very simple law 
appears to govern the course taken by the oxidation, viz. that the carbon monoxide 
becomes attached to the lower of the two alcohol-radicles. Thus methyl-amyl ketone 
gives acetic and valerianic acids : 

CO j + 0> = O'U'O^ + C‘U'“0=. 


In accordance with this law, mctliyl-ethyl ketone gives only acetic acid, aitd not 
acetic and propionic acids : 

+ 0» = 2G*H*0’. 

In the instance of the simplest possible ketone, viz. dimcthyl-kotono, which is 
common acetone, the products are acetic jicid and formic acid, the latter, however, 
from its instability, rapidly passing into carbonic acid and water on prolonged 
oxidation : 

+ 0* = C*H‘0» + CO» + H‘0. 

In the instance of ketones containing any other normal alcohol-radiclos, and oven 
when file radicles are to some degree iso-compounds, the oxidation of the keterie by 
moans of the above-mentioned chromo-solution is an operation yielding two atoms 
^ of acid with almost mathomaticjil precision. "When, however, the alcohol -radicles are 
in a marked degree iso-radicles, the oxidation becomes irregular. Thus, methyl- 
isopropyl ketone may bo expected to give 


CO 


lcH(CU«)’ + + CO- + H-0. 

Ketones can also take up hydrogen, and thereby pass into secondary alcohols ; eg,^ 

(CIV 
1 CH> 

IT 


CO 


CH» 




CIl* 


+ u* 


ou 


This reaction is effected by the employment of sodium-amalgam in presence of water 
(Friedel). 

Those ketones which contain methyl enter into combination with alkaline bisul- 
phites, and form compounds which are often beautifully crystalline, and from which 
^ distillation with a caustic alkali the ketone may be recovere<l in its original state. 
Ketones not containing methyl do not form compounds with alkaline bisulphites, or 
-fbrm them only with the utmost difficulty. 

The ketones are produced in the following reactions : 

1. By the action of carbon monoxide on the compounds of the alkali-metals:^ 
CO + 2NaC*H» - Na* + CO(C»H»)* (Wanklyn). 

2. By the action of the chloride of an acid-radicle on the zinc-compound of an alcohol 
radicle: C*HK)C1 Zn(CH*)* = C«H‘O.CH* + ZnClCH* (Pebal a. Freund). 

By distillation of the baryta- or lime-salte of the fatty acids, this being the 
|><^iDal process by which common acetone was first prepared : 

^ + CO(CH»)*. 

If a mixture of the salts of two different fatty acids be employed, the product is a 
ketone oemtaining different alcohol-radicles (Williamson) : 
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COCH.jo 

-ff-' 

Calcium 

acetate. 


+ 


COCH.|o 

"1“ 

Calcium 

valerate. 


CO) 

“ Cai 


0* + co| 


CH* 

C*H» 


HethyUbuty] 

Ketone. 


4, When salta of acetylinated ethyl (p. 691) are boiled with baryta-water, a reaction 
takes place which ie essentially similar to the last. 

Tlius caproate of acetylinated ethyl gives methyl-amyl ketone : 


!c*h“ 


H*> 

Hero the hydrogen of the barium hydrate, takes the place of the two 

acid-forming radicles, and so produces alcohol; and the two acid-forming radicles, 
whilst in the act of yielding barium salts, split up into ketone and carbonic oxide, 
which gives barium carbonate. It is the ancient ketone-preparation, effected at com- 
paratively low temperatures. Examples of this exceedingly interesting reaction were 
first observed by Geuther, and subsequently by Frankland. and Duppa in the course 
of researches on the successive action of sodium and iodide of ethyl on acetic ether. 

Doubtless also salts of valerylated ethyl, &c., might be substituted for salts of 
acetylinated ethyl in the above reaction, and a different set of ketones would be 
thereby produced. If it were required to produce a new ketone of specified con- 
stitution, this method would appear to be the best to select for the purpose. 

6. By oxidation of certain acids of tho lactic series (Chapman and Smith, Chetn, 
Soc. J. [2] V. 186). Thus diethoxalic acid gives diethyl-ketone : 


C’0(CfH^’|Q, + o = C0» + H“0 + CO(C»H*)» 

Proplone. 


6. By oxidation of the secondaipr alcohols. 

7. In the preparation of tho aniline of commerce, there is production of more or less 
acetone, doubtless owing to the oxidising of the acetic acid by means of the nitryl of 
the nitarobenzene. Certain destructive distillations, e.ff. sugar with caustic idimli, 
yield ketones. 


There has been a good deal of unnecessaiw confusion in the nomenclature of the 
ketones. In addition to names founded on the assumed persistence of the distinction 
into acid- and alcohol-forming radicles, names have been invented, referring to the 
interior constitution of the alcohol-radicles : thus a certain ketone was called 
diethylated acetone^ meaning common acetone wherein one of the methyls had suffered 
the replacement of two equivalents of its hydrogen by two equivalents of ethyl. It is 
better to name the ketones according to the two alcohol-radicles which they contain, 
Its in tho following examples : 


1. Diraothy 1-ketone . 

2, Methyl-ethyl ketone 

5. Methyl-propyl ketone . 
4. Methyl-isopropyl ketone 

6. Methyl-butyl ketone 

6. Methyl-isobutyl ketone • 

7. Methyl-isobutyl ketone . 

8. Methyl-isobutyl kotone . 

9. Methyl-amyl ketone 

10. Methyl-isoamyl ketone • 

1 1. Methyl-isoam:^ ketone . 


CO 

CO 

CO 

CO 

CO 

00 

CO 

CO 

CO 

CO 

CO 


5CH» 
i CH* 

CH» 

CH*CH» 

CH» 

i CH»CH*CH* 

' CH* 

i CH(CH*)* 

CH> 

; CH*CH»CH*CH* 
CH* 

; CH*CH(CH»)» 

(CH* 

JchJCH* 

}CH*CH» 

(CH* 

}CH*CH*CH*CH»CH» 

(CH* 

}CH*CH*CH(CH*)» 

(CH* 
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12. Methyl-isoamyl ketone . 

13. Methyl-isoamyl ketone . 

14. Methyl-isoamyl ketone . 
16. Methyl-isoamyl ketone . 

16. Methyl-isoamyl ketone . 

17. Diethyl ketono 

18. Ethyl-propyl ketone 

19. Ethyl-isopropyl ketouo 

20. Ethyl-butyl ketone 

21. Ethyl-isobutyl kotono 

22. Ethyl-isobutyl ketone 

23. Ethyl-isobutyl ketone 

24. Ethyl-amyl ketone. 


&c. &c. 


jcn^c(CH>)« 


CO 


ro 


CO 


'CH^ 

JCH* 


cn 


CH*CH*CH> 

iCH» 

!CH(CH*)» 


CO 

iptr jCH*CH» 
jCH*OH» 


CO ™ 

^)CH»CH' 
CO 


j CH»CH» 
CII*CH*CH* 


CO 


C^H* 

jcmcH*)* 


jcH*CU»CH*CH» 

] C 1 DCH(CH*)" 

ro 

PH 5™’ 

»CH qh»CH* 


ro 

)C(CH*/ 

< C*H* 

CH’CH»CH»CH*CH' 


The methvl-ketonca 0-10) for'" compounds with nlkalino bisulphite, and 
acJtieaSdl;^MrS-^iidaiion(p. Iflt^ The \ 

compounds with alkaline bisulphites; they yield propionic acid by limited oxidation. V 

The modes of formation and principal properties of the mcthyl-kotones are ns 


follows : 

1 . Dimethyl Ketone. 
at 18®. Prepared : a. 


CO(CH*)».— Common acetone. Boils at 66-6®. Sp. gr. 0-7921 
By dry distillation of barium or calcium acetate : 


(COCH>)* 

Ba{ 


:0“ = 


CH«. 

cn» 


/5. By the action of zinc-methyl on acetyl chloride (Pebel a. Freund) : 

Zn(CH*)* -I- C0CH>C1 — Zn(CHl*)Cl + CO(CH*)*. 
y. By limited oxidation of dimethoxalic acid (Chapman a. Smith) : 

C*0(CH*)*|o, + o - CO* + H*0 + CO(CH')*. 


8. By the action of alkalis on acetate of acetylinated ethyl : 

^ Ba|o. . C-HK) + ^|o* + Co|g|:- 


*. By oxidation of isopropyl alcohol : 

ch(CH*)*|q + a * h *0 + CO(CH-)*- 


2. Methyl-ethyl Ketone, C*H*0* = CO 

BoiU at 81® ; spe gr« - 0*8126 at 13®. 
acetyl chloride : 

•Zii(C»H»)» + CO(CH*)Cl * 


1 OT*CH* * mct^lated acetone (i. 81).— 
Obtoined : a. By the action of xinc-eOiyl on 

r Zn(C*H*)Cn 4 CO(CH*XC*H*). 
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6. By the action of zinc-methyl on propionyl chloride : 

Zn(CH»)* -*• CO(C2H*)Cl = Zn(CH»)Cl + CO(CJi*)(C®H'^). 
y. By the action of alkalis on propionate of acotylinated ethyl : 




Ba 

W 


O* = + 


CO 

Ba 


+ co| 


CH» 

C^H** 


• Methyl-propyl Ketone. j nTT^CTT^CBT^' at 101° (barometer 760 nun.), 

Sp. gr. at 13° = 0 81 32 ; sp. gr. at 22° = 0 8046. 

Jliscovorod by Grcuther; also described by Frankland a. Buppa as ethylacetone. 
Obtained by the action of butyrate of acotylinated ethyl on pobvsh or baryta-water : 




4. Methyl-isopropyl Ketone. 




Ba 

CO 


CO 


CH» 

C»H' 


CO 

Ba 


!< 


^02 = C2H«0 

I CJi(CII*)^* at 93’5°. 

()-8099. Discovered by Gcuthor (described by Frankland a. Duppa as dimethylated 
acetone). Prepared by the action of isobutyrate of acetylinated ethyl on baryta-water : 


O*. 

Sp. gr. at 13'^ 1 


C=H\C=H^O) 

COCH(CH ‘ 


+ Bai 


O* = C2H«0 + CO 


CH> 


CO 


CH(CH»)* Ba 


O*. 


The isobutyrate of acetylinated ethyl is produced by acting on acetate of ethylene- 
sodium with methyl-iodide. 

( pTTS 

5, KLethyl-hutyl JC.cto7ie. CO ^ j 2 (^ y^ s**~~~^htniined by the action of chloride 

of valeryl on zinc-methyl. 

( CH* 

6. Methyl-isohutyl Ketone. C^II'^O = ^O iaapropacetone 

of Frankland a. Duppa. The ketone obtained by oxidising hexylic alcohol from 
mannite appears to have this constitution. It boils at 127° C. Sp. gr. 0*8298 at 0° 
(Wanklyn a. Erlonmoyor). By oxidation it gives acetic and isobutyric acids. It 
forms ciystalline compounds with alkaline bisulphites. It is also produced by the 
action of alkalis on isovalcrate of acetylinated ethyl : 


cm*cm^o ) 

COCH*CH(Cn0M 


c*n®o + CO 


[CH« 


CH2CH(CH»)2 


CO 

Ba 


0 *. 


BaP 

Isovalcrate of acetylinated ethyl was obtained by Frankland a. Duppa by the action 
of isopropyl iodide on sodium-triacetyl, and designated by them as isopropacetoue- 
carbonate. 


7, Methyl-isohutyl Ketone. Co|^2|CIP . — It appears to be unknown. 

Theory, however, indicates that it should bo formed similarly to the ketone just 
described, viz. from the isovalerate of acetylinated ethyl which is obtainable by 
acting with mixed iodide of methyl and iodide of ethyl on acetate of ethylene- 
sodium. 

8. Methyl-isohutyl Ketone. — Unknown, 

16. Methyl-isoamyl Ketone. CO | • — Boils at 137*6° to 139°. Sp. gr. at 

22° = 0*81 71- Discovered by Frankland a. Duppa, and named by them di ethylated 
acetone. Prepared by the action of caproate of acetylinated ethyl on hydrate of 
barium : 

. C.H.0 * cojg?i, . “jo.. 

The caproyl was diethylated acetyl, CO . CH(C*H*)*, and therefore the resulting amyl 
was diethylated amyl. The caproate of acetylinated ethyl was obtained by the action 
of iodide of ethyl on acetate of ethylene-sodium. J. A, W. 

XltT:PTOPSAirzC Acn. Syn. with Cbtptophanic Acid. 

XVJiA the best kind of fustic, from Moms tinctoria, contains a substance 

which exhibits the kind of fluorescence observed by Hlasiwetz a. Pfaundler in isomorin. 


* The butyryl was normal butyryl, obtained by the action of ethyl iodide on eodium tStaoetjl# 
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The alcoholic solution of the aqueous extract of kuba wood is dark gfumot’red by 
transmitted light, aftd fluorescent, with dark green colour, by reflected light. After 
being considorably diluted with alcohol, and then mixed with alum or any other 
aluminium salt, it exhibits a tluorcsconcolBimilar to that of uranium glass, which dis- 
appears on addition of excess of alkali or hydrochloric acid, but reappears on exact 
neutralisation. The solution of the extract in ether, amvlic alcohol, or methylic 
alcohol exhibits similar properties (Goppolsroder, Togg. Ann. cxxxi. 464). 

KitypnPBRMP®* An emerald-green variety of hornblende, allied to actinolite, 
occurring imbedded in the coarse-grained calcspar in the country of the Uralian 
Cossacks; also, imbedded in garnet, in the llnieii mountivins. It forms prismatic 
crystals ( ooP : ooP = 124° l.'i'), cleuving parallel to ceP, transparent in thitf 
splinters, with glassy lusti'e ; hartlness = 5’5 ; sp, gr. « 3 08. CrysUils iVom the Ilmen 
jnounUiins gave by analysis : 

SiO’ Or’O* NiO FcO CaO MkO Alkaliu ijfuitlon 
67*46 1*21 0 65 6 05 2*03 30 88 truce 0*82 » 100 

(R. Hermann, Jahresh. 1862, p. 726 ; Kokscharow, ibid. 1866, p. 027). 

f¥ A •MT gT.TM’g. A iiamo applied by Reimann to the aniline oil obtained from 
that portion of crude benzol which boils at t.cm}X‘raturos not above 100°. It con- 
tiiins 90 p. c. aniline and 6 p. c. toluidino, and distils at 100°-160° {Dingl. J. 
clxxxv. 49; JahTcsh. 1807, p* 460). 

Syn. with CYAriiENiNE (p. 539). 

BIXlBrUTlXSirxc ACXI>. According to Voit a. Richter (c7nAre«6. 1865, p. 676), 
tlie quantity of this acid in dogs’ urine increases when fat or carbohydrates are added 
to the food. Sodium sulphate, on the other hand, has no influence m this respect, 

contrary to the statement of Scogen (iWrf. 1864, p. 650). 

Kynuronic acid does not decompose barium carbonate. Its barium salt has a neutral 
reaction, is not decomposed by carbonic acid, but is precipitated theroby, U>gether witli 
barium carbonate, from the sti-ongly alkaline solution. If after the passage of the 
carbonic acid gas. the liquid be heated to boiling, the neutral barium salt separaU^s on 
cooling in stellate groups of needles, and the remaining liquid is found to be free from 
kynurenic acid (Liebig, Ann. Ch. Pharm. cxl. 143). 


L 


T. m. Tff ti'fifg T’f W- A poisonous alkaloid, occurring, together with cytisine, in the 
unripe seeds of the common laburnum (p. 639). 

laLC’TAJUBtxmTK and XpACTOFBOTISXW. Two albuminous substances, 
occurring, according to Commuille {J. Pharm. [4] iv. 108), in milk together, with 
casein. 

'lOLCTAMXUm, According to Wislioww {Ann. Ch. Pharm. 2W,^tho 

only producU obtained by the action of dry ammonia gas on dilactic acid, ^ » 
are ammonium lactate and lactamido, C»H’NO*, Laurents lactaraic acid (in. 461) 
has no existence. 


XbJLCTZO ACXIK « I • — The strocture of the two roooincations 

COOH , ... 

of this acid, known as ordinary or fermentation lactic acid, and paratoctifi acid, is 
represented by the following formulae : 

efi* CH*OH 

Ahoh 

(jx>OH COOH 
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Ordinary laciic acid, wliicii may bo supposed to contain the radicle ethylideno, 
CK* — CH, is produced: a. By the oxidation of propylene glycol, CH*— CHOH— 
C^H^OII (iii. 454). — By the actidtt of water and silver oxide on a-bromopropionic 
acid, CH* — CHBr — CO'-II (Friedel a. Machuca, iii. 454 ; Buff, Ann. Ch. Phami. cxl. 
156). — y. By the action of hydrochloric acid on a mixture or compound of aldehyde 
and hydrocyanic acid (Wisliccnus, Ann. Ch. Pharm. cxxviii. 1 ; Simpson a. Gautier, 
ibid, cxlvi, 254) : 

CU* 

CHOII 
CN 


( CH* 

I con 


+ CNIT = 


fCH* fCIH 

. CHOII + 2H*0 + HCl = NH^Cl + J (dlOH 
CN (COOH 


Paralaciic acid, which is an ethylene compound, is formed : a. By heating 
ethylene chlorohydratc (glycolic chlorhydrin) with an alcoholic solution of potsissium 
cyanide, and boiling the resulting ethylene cyanoh^'drate with potash (Wisliccnus, 
loc. cii .) : 

('CIPOH f OTHOll 

- CH" + KCN - KCl + J CIH 
,C1 (CN 


(CIHOII fClHOH 

- CIH 4- 2H=0 = NIP + . CIP 

CN (cOOH 


/3. By the action of nitrous acid upon alanine (amidopropionic acid) (Buff, Ch. 
Pharm, cxl. 156) : 


(ClP(Nir-) 

J CH* + NO(OIl) 
(CO*H 


IPO + N* + 


fCJPOII 

(’H* 

COHI 


y. By combining ethylene with carbonyl chloride, whercly paralactyl chloride, 
ClPCl — CIP — COCl, is produced, and decomposing this chloride with an alkali : 

fCH*Cl (CIPOH 

ICIP + 2HOII - 211CI + jciP 

(coci (coon 

5. By the action of silvia* oxide and water on 3-iodopropionic acid, 
CII'H — CIP — COOIl, produced by treating glyceric acid with iodine and phosphorus. 
Part of the paralaciic acid is, however, coino-rted by molecular transformation into 
ordinary lactic acid (Wiclielhaus, Ann. Ch. Pharm. cxliv. 51 ; Jahrvsh. 1867, p. 402). 

Boil.steiii {Ann. Ch. Pharm. exxii. 369), l)y treating j3-iodopn)pionic acid with 
recently precipitated silver oxide, obtained a tribasic acid, C'*H**0*', which he named 
hydracrylic acid, Moldenhauer {ibid, cxxxi. 330), by boiling this acid with silver 
oxide or alkalis, or by treating it with Sfulium-amalgam, ohtained an acid having the 
composition t)f lactic acid ; and this obsere’'ation is confirinoel by AVislicenus {Zcitschr. 
f. Chem. [2] iv. 684), who has moreover shown that the so-called hydracrylic acid, 
when simply maitralised with soda, likewise yields a sodium salt of lactic acid : hence 
ho infers that the supposed liydnicrylic acid has lU) existence, but that the acid formetl 
by the action of moist silver oxide on j8-iodopropionic acid is one of the modifica- 
tions of lactic acid, Hydracrjdic acid may, however, be an anliydride of lactic acid, 
4C*H®0* — H*0 ^ and may be converted into lactic acid by the action of 

alkalis. Socoloff {ibid. v. 123), by treating ^-iodopropionic acid with moist silver 
oxide, likewise obtains an acid of the composition ; hut on account of certain 

peculiarities in the characters of the zinc, calcium, and barium salts, he regards this 
acid as different from either of the known modifications of lactic acid. He finds, 
moreover, that the calcium salt of this acid forms crystalline double salts with the 
acid sulphites of calcium and sodium, and hence he thinks it pix>bahlo that the acid 
in question may ho an jildohydic acid— in fact, the aldehyde of glyceric acid : 


(CIPOH 

f IPOH 

(CIPOH 

CHOH 

\ HOH 

4 CHOH 

t’H*OU 

( OH 

(COOH 

Glycerin. 

Ol yeeraWehytUe 
acid. 

Glyceric acid, 


It is difficult, however, to imagine how ^-iodopropionic acid, CIPI — CH* — CO*H, 
can give rise, by substitution of OH for I, to anything but paralaciic acid. Moreover, 
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VVUUeanu, m. vj- »f9) 

glyceric, but (as first produc ) , tMiited willi hydriodio acid is easily tnuis- 

Irycerin by uaaccnt .> ^td Ziea™ 

foWintoe:.odop™pjomcac.d. j t 

rdS. “e; “:;i, ’is : 


See further Heiutz, Ann. j ««» 

nUo rhcpi Soc. J. f21 is. 3G1, 51G. 
-Erlenmeyer, civm. , alhO oc . J . , i , . 

/nnanTT (C(H)ll 


( enroll 
\ CIP 
I COOH 

raralactto. 

fCH* 

4 CHOU 
(cOOH 

Lactic. 


O- = 11-0 


+ o = 


Jcooii 

Formic. 


C’OOll 
CIH 
,C0011 

Malouic. 

tcii> 

JCOOH 

Acetic. 


L^tic. 

r .1 .,,,1 Smith fo 1S2). eio products arc acetic acid, carbon 

According to Chapntan and SimA 

^‘"2 "J;;;ht;tcticacUnicatc.?for" several hours to .30= with dilute s„/,,/t»nc aetd 
is converted into aldehyde and formic acid : 


fCH‘ 
JCHOII ■ 
icooii 

Lactic acid. 


HOII 


(Cll* 

4 CHOU 
(Oil 

Etbylideno 

Klycol. 


pi 

• jcooJJ 

Formic acid. 


IHO 


CIP I CIP 

CllOII = Clio 
, OH ’ 

^id mix Jwith 


«'itb cupric s«/pA«<c wrms a ’(Dossios, loc. HI.) 

tat inn, whereas pralactm acid m 


4. L.acti7a.Td fieatod to .60=-180= in 
100= in sealed tubes with «aturat^ aqueous nyurm^ 

hromopropionic acid, C’II‘BrO (Kc u. • / . bromine in a well-cooled vessel, 

,■5. An ethereal solution of lactic ‘ i„ht eondenser, yiel.U a liquid 

and afterwards heated to 100= m a oil, while ordinary lactic 

from which water throws ^swn a 8'' .. which contains about 0’8 p. c. 

acid remains dissolved The erysUllm^ separating there p 

bromine, is neutral, melts at 83 -8.1 , (iissoivis j , 


83=T!^''^s«oC« cmlily in ether, separating therefrom 


soflium-amalgam, yielding products 

According to Claus (Ann. Ch. Pharm. ^*p^;,tt^'^g”in*"b^irng point %)m 

distillation, acrylic acid, phenol, and a f tid mr ^ 1 quantities of 

75= to 210=. Potasaium jaAresJ. 1866, p. 87). Ethyl lactate w 

carbon dioxide and aldehydo-rcsin ’ „»ijyi dUoropropionaUi (trankland 

converted by phosphorus trichloride into ethyl emorop i 

Dnppa. iiiii, 1866, p. 386); pjI.O* + 3C*H*C1(C’’H*)0*. 

3C>H*(C»H»)0* + “/“Jr JJ,^i„glm„l.pyrornccmicacid. 

Dibromolaclic acid, C'H'BfO', is with 1 mol. bromine in 

C»H*0* (dried by standing over oil “"^i^hours in ice-cold waUr. A T^d 

a scaled tube, and leaving the and the colour of ‘be hromwe 

product containing ®“P'*h‘''y ® „f hydrobromic acid. Tim p^uet qu y 

disappears, without perceptible evolution of hydrobromic aCid, it 

absortomoistore from the air. and decom^P«s« witn 
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is also decomposed by alcohol, and i^lts when heated, giving off hydrobromic acid. 
Its salts have not been prepared^ When more than 1 mol. bromine is used, the excess 
remains free, and may bo removed by a stream of dry air. Sodium-amalgam converts 
the product into ordinary lactic acid. It appears tlierefore to bo dibromolactic acid 
formed from pyroraceniic acid by a simultaneous process of addition and substitution: 

fCIP fCH'^Br fCIPBr 

J CO + Br" =4 CO + UBr = \ CBrOH 

ICOOH iCOOH (COOH 

Pyrorjiccmic. Dibromo- 

lactic. 

Dibromohictic acid is converted by water, or by exposure to moist air, into crystalline 
monobromopyroraccmic acid, C^IPBrO'h In ono experiment, in wliich considerable 
quantities of dibromolactic acid were dissolved in water, the crystallised product 
appeared to have the comfmsition of dibromodilactic acid, C“n"Br''^0* (Wislicenus, 
Ann. Ch. Pharm. cxlviii. 208 ; ZcUschr. f. Chem. [2] v. 256. See also Do Clermont 
a. Silva, Pent. Cheni. G(S. lUrlin. 18()9, p. 40). 

fCU' 

Benzolactic acid, C*®H'“0^ = -j CirO(C’II^O), which Strecker obtained by 

I COOH 

heating lactic acid with benzoic acid (i. 661), is also produced by the action of benzoyl 
cldoride on lactates, tlio calcium salt for example. When recry . stall ised from water, it 
always yields, besiiles the crystallised acid, C'"JI"’0‘, an oily hydrate, C'®I1’°0*. H*(), 
which in dry air is slowly Cf)nverted into the crystallised acid. Ethyl Jienzulaciutr, 
C‘“IPO' . C'HP, formed by heating ethyl lactate to 100° with bonzoyl chloride, or by 
the .action of ethyl iodide on silver l)enz(»lactate, is a cohairless oily liejuid, insolultle 
in water, miscible in all proportions with alcohol and ether ; boiling at 288° ; resolv<M] 
by water at 150° into lactic .acid and ethyl benzoate. Alcoholic ammonia converts it 

(CIP 

into bcnzolactamide, C'^Il^NO^ = -I ( ■HO(C^H*0), which cr^’stallisos in white 

( (X)NH^ 

sublim.ablo nodules, melting .at 121°, slightly soluble in water, easily in alcohol. By 
boiling with potash, it is resolved into lactic acid, benzoic acid, and ammonia ; 
alcoholic ammonia converts it into bonzamido and lactamide (Wislicenus, Ann. Ch, 
Pharm. cxxxiii. 257 ; Jahresh. 1865, p. 363). 

XiikCTXC AXTHVlIRZnsS. 1. La elide. — According to Krupsky 

iZcitschr. f. Chvni. [2] v. 179), this substance is formed very easily during the distilla- 
tion of lactic acid, before the temper.aturo rises to 200^, but the most favourable 
tomporaturc for its production is from 210° to 215°. It may bo obtained in splendid 
rhombic crystals by spontaneous evaporation of its alcoholic solution in a current of 
air. 

(CHl^O)") 

2. Dilactic Acid. = (C*H*0)" V O* = 2C>H«0> - (iii. 461).— 

IP ) 

Wislicenus (Ann. Ch. Pharm. cxxviii. 1 ; cxxxiii. 267) regards this compound as an 
ethereal derivative of two molecules of lactic acid, one of which acts an an acid, the 
other as an alcohol ; thus : 


CH» 

1 

CH» 

CH* 


CHOH + 

1 

1 

CHOH « H*0 -f 

1 

1 

CHOH 

1 

CH* 

1 

COOH 

COOH 

COO 

— 

Lac tie 
aci<l. 

Lactic 

acid. 

COOH 

Dilactic acid. 


This view has recently been corroborated by the experiments of N. von der Bruggen 
(Zeitschr. f, Cheni. [2] v. 338), from which it appears that dilactic acid is produced by 
lieating a mixture of equivalent proportions of bromopropionic acid and potassitun 
lactate to 100°-120° in a well- corked flask : 


CH* 

1 

CH* 

1 

CH* 


CHOH 

- 1 - CHBr » 

1 

KBr -H CHOH 

CH* 

1 

1 

COOK 

1 

COOH 

1 

COO 

— CH 


^OOH 
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Tho portion of the product which wiis soluble in other gave witli dry ammonia Uio 
ciianvcteriatic reaction of dilaotic acid, viz. the formation of ammonium lactate and 
lactamide (p. 769). 

A compound isoineric with the neiitml cthylic ether of dilactie acid, C^II''(C-IP)=‘0», 
is produced by heating ethylic sodio-luctnte (iii. 4G3) with ethylic chloropropionate to 
110^-120® for twenty-four hours : 

C'E^NaO^.C-^II* + C’lPClO* . cur == NaCl + OH’‘0*.(CUP)*. 

Tho resulting light brown viscid liquid may bo freotl from sodium chloride by wusliing 
with water, and from undecomposed chloropropionic ether by heating it to 110° in a 
nireficd distillatory apparatus. The disllllato is a colourless oil having a faint 
ethereal odour, not deconiptjsod by aqueous caustic soda even at llio boiling heat, but 
completely, though slowly, by alcoholic soda, yielding lactic and ethyl-lactic acids. 
Ity heating it for 24 hours with a large exca^ss tif et luteal solutbm of ammonia, and 
distilling off the ether and excess of ammonia over tho water-batli, thero is obtained 
a uon-<listillable oil, which, after being left for some time over sulphuric acid in a 
vacuum, exhibits tho composition of cthylic dilactamatc, 0*Il''N0b It is not 
however converted into dilactamido l>y tho further action of ammonia., and when 
heated with potash yields, not dilactie acid, but a mixture of lactic, and cthyl-lactic 
acids (v. d, Brnggcn, Zeitschr. f. C?u m, [2] v. 250). 

(G*u-or) 

Etht/Iic Succhwl-dilactateyVZ^W O" = (C^lPOy'^ l-O*, is formed by healing 1 mol. 

(CUI')“ J 

succinyl chloride to 100° with rather more than 2 mol. ethyl lactate, and removing 
tho excess of tho latter ly heating tho product to 170° in a st ream of air. Tho 
compound, purified by solution in alcohol, precipitation by water, and distillation, is a 
colourless oily liquid, insolul)lo in water, miscible in all proportions with ether, and 
boiling brtwoon 300° and 304° (Wislicomis, Arm. Ch. Pharm. cxxxiii. 257). Wurtz 

a. Friedel [Jakresb. 1861, p. 378) obtained this ether in a loss pure state, and with a 
lower boiling point, by heating neutral j>otas.sinm succinate with clbylic chlorolactato, 

XtACTZMSIllI, ClI^NO « ^ |n, is produced by boating alanine in dry 

bydrcK'hloric acid gas to 180°--200° as long as water continues to form : C'lI^NO* — 
JI-O =a C*JI^NO. Tho brown amorphous pnKluct, treale<l willi b'ad l)y<lrato and 

b. yilrogon sulphide, and recry. sta 11 istwl from absolute alcohol, yield.s laotimide in 
colourless nee<lle8, melting at 275°, subliming umleeomj^)sed when cautiously heated, 
having a bitter taste, easily soluble in water and in nlcolud. The solution neillier 
dissolves silver oxide, nor gives a precipitate with silver nitrate or zinc cblori<le, 
Tho <juantity of lact.imido obtained as above is but small, a largt; portion of tho 
alanine being resolved into carbon dioxide and ethylainino (Preu, Ann, Ch, Phurm. 
cxxxiv. 372). 

XACTOJTZC ACZD. Syn. with Isonioi.vcor.-ETtiYLUNic Acid (iii 414). 
ZiACTOPROTSnr. 8oe Lactai-bumin (p. 769). 


l^JCVin«nr. A substance resembling dextrin, contiiinod in the juice of the tubers 
of tho Jerusalem artichoke, from which it may bo separated by repeated treatment 
with alcohol. It has a sweetish taste; is soluble in water; does not reduce cupric 
oxide in alkaline solution till it has been boiled with acids ; and is optically inaciivo 
in its natural state, but becomes strongly kevogyrato by treatment with hydivichloric 
acid (Ville a. Joulie, Bxdl. Soc. Chim. [2] vii. 262). ^ 


AAMPAOPKAim. A sulphate, so ciillcd on account of its lustre, occurring at 
I^angbanshytta in Wermland, Hweden, in easily cleavable, white, nacrotAis masses 
having a sp. gr. =» 3‘07, and hardness — 3. Analysis gave 

SO PbO MnO CaO MgO K’0;N;i’0 IPO 

11*17 28 00 7 90 24-65 5-20 14 02 8 36 =* 90-3.) 


(Tgelstrom, Op/v, of. Konyl. Akad. Fork. 1866, No. 4, p. 93). 

ZiAnraiTB. A basic cupric sulphate occurring, together with others, in the clay- 
slate of Cornwall. (S<'e SurrHATJis.) 

^il^TTBAlTYnNC. Zschiesche {J. jrr. Chem.civ, 174) has detertnim^ the atomic 
weight of this metal by the decomposition of its sulphate, which at a white heat gives 
off the whole of its water and sulfuric acid, leaving the pure oxide. Six experiments 
gave values of La varying from 89*44 to 91*25: mean 90'18. ... 

CL Winkler {J. pr. Chem. xcv. 410; Jafiresh. 1865, p. 708) separates lanthanum 
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i'fojik didyjuium in a solution likdW'iso containing cerium, by meiiDs of potfissium 
permanganate and mercuric oxide. When a hydrochloric acid solution of the three 
metals, made as neutral as possible, is mixed with precipitated mercuric oxide, and a 
dilute solution of potassium ponnanganate is stirred into it till the colour of the latter 
disappears, the whole of the lanthanum (together with traces of didymium) remains 
in solution, whilst the resulting precipitate contains ceric oxide and didymium 
peroxide, together with mercuric oxide and manganese dioxide. This precipitate, freed 
from mercuric oxide by ignition, is dissolved in hydrochloric acid ; the solution is 
concentrated by evaporation over sulphuric acid ; and the sulphates of cerium and 
didymium arc prccipitiited by nieans of solid potassium sulphate. Those sulphates, 
after washing with a concentrated solution of potassium sulphate, are precipitated by 
ammonium oxalate, and the oxides of cerium and didymium obtained by igniting the 
precipitated oxalates are separated by known methods. The solution containing the 
lanthanum, after being freed from mercury by hydrogen sulphide, is precipitated with 
oxalic acid, and the washed lanthanum oxalate is ignitwl. The lanthanum oxide tlni.s 
obtjiined contains only traces of didymium. This mode of separating lanthanum and 
didymium succeeds, however, only when cerium is present ; in the contrary case only 
a small quantity of didymium oxide is precipitated. 

For the separation of lanthanum and didymium from cerium, see also Ceiiium 
( p. 110). 

XtAWTHOPms. (Hesse, CL Pharm. cXlu. 57; Chem.Ctntr. 

1870, 168). — Abase homologous with papaverine, contained in small quantity, h)getlier 
with others, in the aqueous extract of opium. The mode of preparing it given under 
Opium-basks (g. u.) is founded on the fact that lanthopine does not neutralise acetic 
acid, whereas the other bases present in the aqueous solution form neutral salts there- 
with : honco lanthopine is precipitated whoa the acetic solution of the whole of these 
bases is exactly neutralised with ammonia. 

Lanthopine is a white powder consisting of microscopic prisms, or fan-shaped 
groups of prisms, sometimes a centimetre long; tasteless; docs not alter the colour of 
litmus. Heated to 100°, it turns brown and gradually decomposes. It is insoluhlo 
in water, nearly insoluble in alcohol, very slightly soluble in ether and benzol, hut 
dissolves pretty easily in chloroform, and separates therefrom on ovupor.atlon in smdl 
white prisms. 

Lanthopine does not neutralise ackh completely. It is ])rccipitatcd from llio 
solutions of its salts by pota&h-lcy and milk of lime, and redissolved by an excess ot 
the roageut; also by sal-ammoniac, like morphine and psoudomorphine ; but it dlifoi s 
from those bases in not forming a blue solution with ferric chloride. Chloroform 
extracts it from the lime solution, but not from the potash solution till after addition 
of sal-ammoniac. Strong nitric acid dissolves it with orange-red colour ; strong 
sulphuric acid with faint violet colour; acetic acid dissolves it with difficulty. 

Sulphate of lanthopine forms extremely thin needles resembling narceine in appear- 
ance. The hi/driodide is a white amorphous precipitate, melting, and ultimately 
dissolving, in hot water, easily soluble in alcohol. The .HCl 

+ 6IHO, forms extremely thin needles resembling narceine, appearing like a jelly in 
mass, easily soluble in boiling water. The plaiinockloride, ‘2(C-HI''NOLHCl).PtCl* 
+ 2I1’^0, is a crystalline powder insohible in wafer, alcohol, and hydrochloric acid. 

JiAtr»AWriWE, C“«H^*NO^ (Hesse, Ann. CL Pharm. qMu. 627).— A base homo- 
logous with morphine and codeine, also contained in the aqueous extract of opium. 
For its preparation, see Opium-bases. 

It crystallises from hot dilute alcohol in stoUato groups of small, colourless, six- 
sided prisms, terminated at both ends by domes. Melts at 165°; solidifies in the 
crystalline state on cooling ; not sublimable. Tasteless. In the crystalline state it 
di.ssolve8 easily in hemol, chloroform, and boiling alcohol ; sparingly in cold alcohol, 
still less in ether (1 pt. in 540° at ordinary tomperii-tures) ; in the amorphous state, 
that is when recently precipitated, it is mucli more soluble. 

The salts of laudanino have a bitter taste. From their .solutions potash and 
ammonia precipitate the base in white amorphous flocks, which soon become crystalline 
find dissolve in excess of the precipitint ; cklorofor7n extracts it from the ammoniacal 
but not from the pot^issic solution, Laudanine dissolves in strong sulphuric acid 
with rose-rod colour, in strong 7iitric acid with orango-red colour, and in ftrrtc 
chloride with emerald -green colour. 

Sulphate of laudanine forms concentric groups of needles very soluble in water. 
The hydriodide forms groups of white crystals, strung together like a necklace, ^ily 
soluble in boiling water. The hydrochloride crystivlliscs in delic.ite colouriess pnsmfl* 
easily soluble in water and in alcohol, less soluble in solution of common salt. 
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mcrcurochloride is a white precijDitRto, somewhat soluble in lK>iling water, and 
separating therefrom in spJierieal groups of eiystals. Tlio j^utinochlorids, 
2(C*®H”N0*.HCl).Pt01* + 2ir^0, is a yellow amorphous precipitate, easily soluble 
in water, especially at tltc boiling heat. Sulphoi^ynnuie of laudanine forms white 
crystftllino notlulos moderately soluble in boiling water.. The oxalate v^rystaliisos in 
delicate, concentrically grouped, colourless needles, somewhat sjiaringly soluble in 
cold water. 

XiAUltfiirB or XiAUROXi. C**!!’®. — See IIknzene, IIi>moi.oc!i ks of (p. 304). 

Xi/LVKZC ACX]>, C**IP'*02, is one ot the constituents of tho crude oil of bay 
(Bias, Ann, Ch. Pharm, cxxxiv. 1). 

JbAlTlUXB* A sulphide ot ruthc'uium and osmium, m'cuiTiiig in tho platinum 
ore of Borneo. It forms very small grains or globules, of iron-black colotir and 
strong lustre, and exhibiting faces of Iho regular oett)hi'tlron, cube, and other 
forms of tho reguhir system ; very hard ami brittle; with perfect ootohodral cleavage 
and flat-conchoidal fracture ; haixler than tpiartz ; sp. gr. greater tlian 6. Decrepitates 
like galena when heated; does not fuse before the blowpipe, but gives otf Iho odour 
of sulphurous oxido and afterwards of osmic oxide. It is not attacked oven by nitm- 
muriatic acid, or by ignititm with acid pobissium sulphaUi, but when fused in a silver 
crucible with potassium hydrate ami nitnite, it dissolves with greenish colour, and 
the product yields to water a solution containing ruthenium and osmium. Tho 
mineral ignited in a stream of hydrogen gives off hydrogen .sulphiilo, but no water. 
Amilysi.s gave 3179 p. c. sulphur, G5‘18 rutlmniuni, and 3 03 osmium, agreeing nearly 
with tho formula O.sS^ . 1 2ltu^.S* (Wohler, Ann. Ch. l^harni. cxxxix. IIG; Jiihrcfih. 
ISGG, p. 91 3). Lanrito is also contained in tho platinum ore of Oregon (Wohler, 
ZeUschr.f. Chem. [2] vi. 85). 

ZiAimOXYXZC ACZO, — An acid isomeric with xylic or xylylic acid 

(v, 10G2). produced by lliu action of diluLo nitric acid on laureno. It is nearly 
insoluble in cold, sliglitly soluble in boiling water, easily in alcohol, and separatos 
from tho hot aqueous solut ion as an imlistiiict crystallinu pnwfler, from alcohol in 
hard nodules. Molting point 13f5'^. Tlio barium salt, ((:"ll’'0’^)'*Ba + IJI'-'O, and tlio 
analogously constituted calcium salt, aro easily si>lul)lo in water, and crystallise in 
concentrically grouped needles; tho silver salt, O’li^O'^Ag, is a while precipitate, 
crystallising in small quantity fnirn hot water. 

rji\ur<jxylic acid is furtlicr oxidised by chromic acid, Iho ultimate product boing 
apparently acetic acid. Its constitution and rolalion to laurono arc probably repre- 
sented by the following equation ; 

fClP fOID 

C«n=>]ciP + O® = + 2CO» + 3IFO 

[mv (co'ai 

Laurene. Lanroxyllc acid. 

(Fittig, Kobrich, a. Jilke, Ann. Ch. Phar?n. cxlv. 129). 

XiAWJtOWZTB. A mineral occurring near tho river Sljudjanka in Russia, in 
emerald-green crystals, having tho form of pyroxene, with cleavage parallel tf> the 
faces of a rhombic prism of 87° 7'. It contains silicA, lime, and magnesia, with 
small quantities of alumina and iron, traces of manganese, and vanadium us 
colouring matter (Kokscharow, Jahresb. 18C6, p. 927). 

XhflLZlTLXTlI. A summary of tho known facts relating to lazulito and ultra- 
marine is given by SchiitEenberger {Pull. Soc. ind. de Mulhouse, mars J18G<5, p. 97; 
abstr. Bull. Soc. Ckim. [2] iii. 465). 

ZillAA. On tho physical properties of pure and impure load, and on tho 
impurities of commercial lead, see W. Baker {Practical Mechanic' b Journal, 1864, 
April 7; Report 33 of British Assoc., Noiicca and Abstracts, p. 32; I)ingl. pd, J. 
clxxiii. 119, 122; Jahresb. 1864, p. 474). 

When granulated lead is boil^ with pure water, a slow but continuous evolution of 
hydrogen takes place (1 to 2 c. c!. in ton minutes when 10 U) 20 jmn, lead are usecl), 
the liquid becoming turbid from formation of hydrato<l le^ oxide, and acquirinn a 
strong alkab’ne reaction. Hydrochloric acid of sp.gr. 1'2 in contact with pur© lead 
gives off hjdi^en. even at ordinal tempemtures, more abundantly when heated, 
and with the finely divided metal. The evolution of hydrogen from the hydrochloric 
acid is greatly accelerated, especially at first, by placing metallic copper in contact 
with the le^. Sulphuric acid of 20 p. c. does not ^vo off hydrogen under tho 
same circumstances (Stolba, J. pr. Chem. xciv. 113). 
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According to Langlois (J, Pharm, [4] li. 320), the protection of lead from the 
action of o:minary water is chiefly due to the presence of calcium bicarbonate. The 
lead taken up by water which does not contain the carbonates of alkaline earths 
such as distilled or rain water, is not dissolved, but suspended, in the form of basic 
carbonate, and, like the corresponding zinc compound, may be separated by a thick 
double paper filter, as effectually as by a charcoal filter. In river water, lead becomes 
covered with a compact film of suboxide, which protects the metal from further 
action. 

From experiments by Stalman {Bingl. poL J. clxxx. 366 ; Jahresh, 1866, p. 230), it 
appears that perfectly pure distilled water does not act upon lead, but that the action 
takes place when the water contains very small quantities of volatile substances 
(ammonia or nitric acid). The action on the lead requires, moreover, access of air 
and of free carbonic acid ; if the air is completely excluded (as when the lead is 
placed in a bottle quite full of water), or if the carbonic acid is removed by an 
absorbing agent, no action takes place. The deposit formed is a mixture of basic 
carbonates of lead, and the water filtered therefrom is quite free from lead. Accordin^r 
to Bdttger, also {jahresb. 1866, p. 232), the formation of this deposit is favoured by 
the presence of a veiy small quantity of ammonium carbonate in the water, while 
water perfectly purified by distillation with sulphuric acid has no action on pure lead. 

According to Reichelt {Bingl. pol. J. clxxii. 155). pure load immersed in a solution 
of common salt becomes covered with a crust of hydrate and carbonate of load, a 
portion also being dissolved ; common commercial salt acts in this manner moro 
quickly than pure sodium chloride. Damp salt in contact with lead or plumbifcruus 
tin also quickly takes up lead. 

Estimation . — For the estimation of lead, either in soluble or in insolublo 
compounds, Stolba {J. pr. Chem, ci. 160) boats the compound in a platinum dish 
with dilute hydrochloric Jicid and pure zinc till the lead is completely reduced. The 
spongy lead thus separated is washed on the dish with water containing a drop of 
sulphuric acid, then dried at 150°--200® and w’eighed. The oxide thereby produced is 
dissolved out by cold water containing from 2 to 4 cub, cent, of standard nitric acid, 
and the quantity of load thereby dissolved is determined by inverse titration of the 
remaining nitric acid. 

For the volumetria estimation of lead, H. Schwarz {Zeitsehr, anal. Chem. ii. 378, 
392; Jahresh. 1863, p. 685) precipitates it with a solution of potassium dichromato 
containing 14*730 grm. of the salt in a litre, osich cub. cent, of speh a solution 
corresponding to 0 0207 grm. of load, and determines the end of the precipitation by 
mixing a drop of the liquid from which the precipitate has soparatea with a clix)p of 
a solution of silver nitrate on a porcelain plate, whereby a red coloration is produced 
as soon as the chromate solution is in excess. For this excess a deduction of 
I c. c. is made from the volume of chromate solution used. 

The separation of load from bismuth may bo effected by means of a solution of 
amraonio-thallic chloride (v. 748), which precipitates bismuth, but not lead, excepting 
from the basic acetate (Nickl^s, Bull. Soc. Chim. [2] v. 49). 

Lead may be detected in presence of silver^ and separated from that metal, by the 
insolubility of load chromate in sodium hyposulphite. When a solution containing a 
little load and much silver is mixed with excess of sodium hyposulphite, and then 
with a small quantity of potassium chromate, the whole of the lead is precipitated as 
chromate (Chancel, Jahresh. 1866, p. 803). 

The desilvering of lead is facilihitod, according to Blugden {Mechanics Magasinet 
Sept. 1867 ; Dingl. pol. J. clxxxvi. 474), by dissolving about ^ p. c. zinc in the 
rcllned moUil molted at 540®, and passing a gaUmnic current through it by means of 
copper wires for 10 to 30 minutes, or till all the zinc has risen to the surface. This 
crust of zinc contains the silver, and may bo removed after the melted mass has 
cooled to 460°. For satisfactoi^ dosilverisation (to about p. c.) the operation 
must bo repeated several times. 


Compounds of Lead. 

Cbloride. PbCl*. — The solubility of this salt in water and in aqueous hydrochloric 
acid has been determined by J. C. Bell {Chem. Soc. J. [2] xvi. 360; Chem. News, xvi. 
69) : 1 pt. of lead chloride dissolves in 106*2 pts. water at 16*6®, the resulting solution 
containing 0 9414 p. c. PbCF. The ^^ntities dissolved by aqueous hydrochloric acid 
of various strengths are given in the allowing table : 
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Qaanti^ of Hydro- 
cblorio Add of ap. 

gr. 1*1163 in 
100 pta. of wAtor 

2 

3 

4 
6 
6 
7 


10 


Quantity of PbCl* 
disaolvod at 17*7® 
by 100 pta. of 
liquid 
0347 
0201 
0165 
0 145 
0 131 
0107 
0100 
0099 
0096 
0093 


Quantity of Hydro- 

Qtiantity of PbCl* 

chloric acid of sjp. 

dbaolvod At 17*7® 

gr. 1-1162 in 

by 100 pt8. of , 

100 pts. of water 

liquid 

15 

0090 

20 

0111 

80 

0151 

40 

0-21(4 

60 

0856 

60 

0569 

70 

. 0-933 

80 

1-498 

90 . 

2117 

100 

2-900 


It appears from this table that the dilute acid containing 1-5 p. c. «)f acid of sp. gr. 
M 162 exhibits a minimum power of dissolving lend chloride at the tompnituro 
above specified. For a more extended table see the paper in the Chemical Socidy's 
Journal, 

It is commonly stated that load chloride crystnlliBOs in ncodlos, but according to 
Bell’s observations, the needle-shaped cr 3 Btal8 are obtained only from solution in wnvk 
hydrochloric acid, whereas from pure water the salt sepjirates in wcdgo-sbapod crYstals, 
and from strong hydrochloric acid in rhombic crystals. The form of the crystals was, 
however, determined more exactly several years ago bv Schabus (ITten. .dAW. /fer, 
1850, April, p. 466), who found that a solution of load clilorido in hydrochloric acid 
yields by spontaneous evaporation distinct crystals belonging to the rhombic syslc-ni, 
and exhibiting the combination P.2P.oP.^oo .4f^oo . coFxi , and often becoming 
needle-shaped by predominance of the faces P.2P.oP lying in one zone. Angles P : P 
in the terminal OTges »= 134® 24' and 98® 45'; in the laterjil (xlgcs « 98® 31'. Cloavago 
perfect parallel to oP. S^. gr. =: 5 802, 

A solution of lead chlonde mixed with the chloride of an alkali-metal, and especially 
with calciiun chloride, absorbs a largo quantity of chlorine gas, forming a deep yellow 
solution which may bo preserved for a long time in a closed vessel, oven if not pro- 
tected from the solar ravs, but in an open vessel is resolved into loatl chloride and 
free chlorine. When added by drops to a largo quantity of water, it yields a precipi- 
tate of lead dioxide and lead chloride. The dioxide is also precipitat(w| from it bpr 
caustic alkalis and alkaline carbonates. With manganous chloride it forms a precipi- 
tate of lead chloride and manganese dioxide. It quickly dissolves copper, iron, zinc, 
gold-leaf, and finely divided platinum, and violently oxidises organic bodies, in all 
cases with separation of lead chloride, PbCl*. The yellow solution probably contains 
an unstable tetrachloride of lead, which cannot exist in the sepanito state. On this 
supposition the reaction with water may bo represented by the equation : PbCl* -i- 
211*0 = 4HCI + PbO* (Sf)brero a. Selmi, Jnn, CA. Pharm. Lxxvi. 234, Nickl^, 
Compt, rend. Ixiii. 1118; Jahresb. 1866, p. 232), 


Zodlde. Pbl*. — This compound in the dry state is not affected by light, and even 
when moist it undergoes decomposition only in direct sunshine and in contact with the 
air. iodine being separated, and carbonate and dioxide of lead produced. This decompo- 
sition is extremely slow with pure lead iodide, but is accelerated by all substanctis 
which absorb iodine. Lead chloride is not altered by light (W. Schmid, Poyg. Ann. 
cxxvii. 493). 


Oxide. PbO. — The hydrate, 3Pb0.1PO, may bo obtained in strongly^ refnicting 
octohodral crystals, by mixing 100 vol. of an aqueous solution of the basic acotato, 
3PbO.C^H«0* + H*0 or 2PbO . CWPbO* + IPO (p. 11), with 50 vol. of deaemtetl 
water, and then with a mixture of 20 vol. ammonia and 30 vol. water, and leaving iho 
solution exposed to a temperature of 26®-30® When a mixture of 100 vol, of the 
solution of the triplumbic acetate saturated at 15® to 16®, and 60 vol. water boiled for 
a short time and then left to stami in boiling water, is mixed with 3 vol. ammonia 
and 20 vol. water previously heated to 80®, anhydrous lead oxide is deposited in the 
course of a minute, in yellowish rhomboidal lamella which unite in radiate gronps 
{Ptiyon, Ann. Ch. Phys. [4] viii. 302). 

An alkaline solution of lead oxide is procipitatcfl by alkaline solutions of chromie, 
^‘tannic, stannous, antimonious, and arsenious oxidn. The preripiteto formed under 
these circumstances by arsenious oxide is tba^iplumbic arseoite Pb*As*0^ (Streng, 
-d«n. CK Pharm. cxxix. 238). ^ 

Sulptildd. PbS. — Hydrctten sulphide passed into lead solttiions sniBcienUy aeido- 
l*tedwiUj nitric acid, hnmefiately forms a haavy pnlverulent preci JtaU fonnsd -of 
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microscopic cubes resembling gtdena. A solution of 3 grms. lead nitrate in 250 c. c. 
10 p. c. nitric acid, gave at 15° cubes measuring 0-19 mm.; at 40°-90° cubes of 
0*025 to 0*028 mm. in the side. Solutions prepared in the same proportions, but with 
nitric acid of 1 p. c., yielded first a granular or amorphous precipitate ; afterwards, 
when the quantity of free acid had increased in proportion to the lead salt, a crystal- 
line precipitate. Lead solutions strongly acidulated with acetic acid give, on the other 
hand, with hydrogen sulphide, an amorphous precipitate. The iridescent film wliieh 
is formed in the precipitation of neutral or slightly acid solutions by hydrogen sulphide, 
and dries up to shining spangles, is likewise non-crystalline. Koll-sulphur loft for 
some time in a solution of lead oxide in caustic potash, produces, together with amor- 
phous lead sulphide, cubes of this compound large enough to be distinguished by tlio 
naked eye (F. Muck, Zeitsckr. f. Chem. [2] iv. 241). 

XtSCiknrO&XC il.CZX>. — Hesse (yfnn. Ch. cxxxix. 22) prepares 

this acid from lioccella fiiciformis or R. tincioria by exhausting the liclien with etlier, 
dissolving the grocnish-whito crystalline residue left on evaporation in milk of lime, 
procipitafing the filtrate with sulphuric acid, washing the precipitate with water, and 
rccrystal Using it from hot alcohol. The exhaustion of the lichen in the first instanco 
by milk of lime, Hesse finds less advantageous, because the acid separated from tho 
gelatinous solution is contaminated with a yellow-brown colouring matter which can 
only be removed by repeated crystallisation from alcohol. In either case the purifitd 
acid must bo tvoatod with a quantity of ether loss than sufficient to dissolve it, whereby 
a difficultly soluble substance is removed. Tho ethereal solution is then evaporated, 
and tho residue again crystnlli.sed from liot alcohol. 

Tile acid thus prepared has the composition C’'*'H' 'O' . TI*0 assigned to it by ,Scluitn l<, 
and easily gives off its water (5 35 p. c.) at 100°. 1 pt. of tho acid dissolves in 

24 pts. other at 20° (according to Scliunck in 80 pts. at 15°); it molts at 153° to a 
colourless liquid which quickly decomposes, with evolution of (wirbon dioxide. By 
passing this gas through a solution of the acid in iJnryta-waitor, a very stable solution of 
barium lecanorato is obUiinod ; this reaction affords a moans of separating Iccanorie 
acid from erythrin. When tho solution of this barium salt is boiletl with excess of 
baryta till it no longer yields a gelatinous precipitate with hydrochloric acid, it deposits 
on cooling crystiils of orsellinic acid. By boiling lecanoric acid with alcohol, ethyl 
orsollinate is produced : 

C + C'H®0 - CO* + C'lPO* + ; 

Lecanoric Orcin Ethyl 

acid orsclliuate 

but tho quantity of this ether obtained is always loss than the theoretical amount 
(57*6 instead of 61*6 p. c.), because part of tho lecanoric acid is decomposed by tho 
water in the alcohol, in the manner shown by the equation : 

CHI' 'O' + 11*0 = CO* + C'lHO* + CH'O^ 

Liccanorio Orcin. Orsellinic 

acid, acid. 


With amylic alcohol in like manner amyl orseliinate is produced. 

Grimaux {Hull. Soc. Ckim. [2] iii. 410), regarding orsellinic acid as a monobasic but 

triatomic acid, \ (ii^itsmuch as it is converted by abstraction of CO* into 

the diatomic compound, orcin, C'H®(OH)*), represents lecanoric acid by the formula 


(C«H®0)"’ 

(CHI'O)"' 


0 ». 


Dibromolecanoric acid^ C**H**Br*Oh is produced by mixing the ethereal solu- 
tion of lecanoric acid by small portions with an ethereal solution of bromine, till tho 
latter is but slowly absorbed. By washing tho evaporation-residue with water, and 
recrystallising from hot alcohol with addition of animal charcoal, it is obtained in 
white crystals insoluble in water, less soluble in alcohol and ether than lecanoric 
acid, and producing in alcoholic solution a purple-violet colour with ferric chloriMe, 
blood-red with chloride of lime. It melts at 176°, with evolution of carbon dioxide, 
and is decomposed by boiling with baryta-water, yielding barium bromide and 
carbonate, and a yellow substance (Hesse). 

Tetrahromoleeanoric C**H'*BrW, is formed by dropping bromine into 

an ethereal solution of lecanoric acid, and crystallises from olconol in pale yellow 
prisms melting at about 167 °, easily soluble in alcohol, ether, ammonia, and baryt^ 
water, and precipitated from the latter by adds in the form of a yellowish oil. 
Its alcoholic solution has an acid reaction, and reacts with ferric cliloride an<* 
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chloride of linr.o like that of tJio dibrominated acid. Boiled with baryta^wator it 
yields barium bromide aud carbonate, U'tgethor with a j’ellow resinous substance 
(Hesse). 

:bSCZTBimi (Diakonow, Ceiifra^^. f. die mcd. 1867» No. 1 and 7 ; 

Mcd.^hem. Untcrs. ii. 221 ; Zeitsckr, f. Chan. [2] ir. 164. Strecker, ZexUchr. f. 
Chem, [2] iv. 437). — ^This name was applied by Gobtoy to a phosphorotted fatty btxly 
which ne supp<^>sod to exist in the yolk of eggs, the brain, bile, bh>od, &c., but did 
not succeed in isolating (iii. 667). Hhosphoretted fats, existing in the brain and 
other parts of the animal organism, have also boon doscribwl as oleophosphorie acid 
and protagon. These phosphoretted compounds were shown by Goliloy to yield hy 
safxmifieation fatty acids and glycoi'ophosphoric aci<l, aud Liebroich «)btnined from 
his protjigon a strong base, called nenrine or choline (p. 418). More recently, 
Diakonow has obtained from the yolk of hens’ eggs, ana from the eggs of the 
sturgeon, a definite phosphoretto<l fat, having the composition 0^‘H‘***NrO“ + H’^O, 
ami resolved by boiling with baryta-water into stearic acid, glyeerophosphoric acid, 
and neurine. This substance, designated especially as Icci thine, is regarded by 
Diakonow as a saline compound of nourino. In accordance witli this view', vStrecker 
liiuls that the cthoroo-alcoholic extract of egg-yolk gives with an alcoholic solution of 
jtlallnic chloride containing fri;o hydrochloric acid, a yellow lh>cculent precipibito 
consisting of a compound of platinic chloride w ith leclthlne. This precipitate doconi' 
posed by hydrogen sulphide yields a hydrochloride of Iccithinc ; and on agitating 
the alcoholic solution of this salt wdtli silver oxide, and treating the filtrate with 
hydrogen sulphide to remove ilisstdved silver, lecithine is obtained in the form of a 
w-axy snb.stancc. The ethereo-alcoholic cxtRiet of egg-yolk also yields with cadmium 
chloride a precipitate of a double salt, from which Iccitliino may bo obtained. 

Lecithine thus prepared, when boilo<l with baryta-water, yields cbolino, togotbor 
with glyeerophosphoric, oleic, and palmitic acids, and probably small quantities of 
stearic acid. It appears, therefore, to contain, not merely a single fatty acid, but, 
hko most animal fats, oleic acid, together with solid fatty acids, among which 
)>alinitic acid is the most abundant. There are probably, therefore, many varieties of 
lecithine and numerous mixtures of those varieties. 

St pecker represents the Iccithines by the general formula : 

or2C.n--0^| + - 311^0. 

Fatty (veidfl or Glyccrontiovithoric Choline. 

Oleie acids, acid- 


'I'he particular lecithine examined by Si.recker agreed nearly witli the formula 
( obtained by substituting, in the first term of tlio preceding formula, 1 nml. 

ytalmitic acid and 1 mol. oleic acid, wlicrcby it becomes QiNjpiQU’ This lonnula 
agrees also nearly with Diakonow's analysis of lecithine : 



Cidc. 

Strofkcr 

Diakonow 


. 04-8 

64’» 

6P3 

IP' 

. 10-6 

10-7 

11-4 

N 

3-9 

40 

3-8 

P 

D8 

— 

1-8 


f’holine, which, as shown by Wurtz, may be obtjiinecl from ethylene oxide and 
trimcLhylamino hydrochloride (p. 448), may bo regarded as an alcoholic base and 
represented by the formula 

CID.OU 

CTILN(CII’)='OH 

and lecithine may be regard csl as a salt of this base, represented by the formula 

civ,ovo]y.;^^' joc-H”0 

I i vil 

C1PN(CII»)*0H 

tontaining the residues of palmitic acid, oleic acid, and glyeerophosphoric acid . 

fOH 

po ] on 

(O.C*IP(OH)*. 

Strecker ha s further pointed out that Idebreich's protagon, which also yirfdi 
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choline by decomposition with alkalis, has the composition of a mixture of lecithine 
, with a non-phosphoretted substance, probably cerebrin : 


Leoithloe 

Protagon 

Cerebrin 

(Diakonow) 

(Liebrelch) 

(MUller) 

64*37 

66*2 to 67'4 

68*45 

11*40 

11 1 „ 11*9 

11*27 

1*80 

2*7 „ 2-9 

4-61 

3*80 

1*1 „ 1*5 

— 

■ 18-73 


15-67 

100*00 


100-00 


SbBCTTBXS. See SapIjcaia (v. 195). 

BBOmwiZir. The composition of this proteide has recently been examinfd 
by Ritthausen {Zeit&chr. f. Ckem. [2] iv. 541). It was prepared by macerating the 
pulverised seeds of peas, beans, lentils, and vetches, with cold water (in seme 
cases with addition of a little alkali) ; precipitating the strained liquid with acetic 
acid ; washing the precipitate on a filter with alcohol of 49 to 50 p. c., which 
caused it to shrink and separate easily from the filter ; again exhausting tho 
separated lumps with alcohol, then with ether; removing the liquid as completely ns 
possible by pressure ; and finally drying tbo mass in a vacuum over sulphuric acid 
The purity of legumin may bo known by the three following characters taken 
together: 1. It dissolves completely in water. — 2. Boiled for a few minutes with 
sulphuric acid diluted with an equal bulk of water, it forms a clear brown-yellow 
solution, which remains clear on addition of more water. — 3. On dissolving it in 
water containing potash, adding a few drops of solulion of cupric sulphate and then 
a few drops of potash-ley, a violet or reddish-violet colour is produced. Legundn 
which does not fulfil all these conditions may be purified by solution in weak aqueous 
potash (contiiining 1 to 2 p. c. KIlO) and reprccipitation. 

Legiimin, free from ash, obtained from peas, lentils, vctclics, and field-beans, gtivo 
by analysis in 100 pts. : 


C II 

N 

0 

S 

51-48 7-02 

1077 

24-33 

0*40 

thfvt from gaixlen-beans gavo 




61*48 6-92 

14 71 

26-35 

0-45. 


Tho phosphorus in legumin appears to be in the form of phosphoric acid. Tho 
possibility of extracting legumin from tho seeds by water appears to depend on tho 
presence of mineral substances, especially of tripotassic plio.sphate and free potash. 
bf)th of which in aqueous solution easily dissolve pure legumin. Wheat-flour ami 
soft peas do not contain basic phosphates, and from these the protein-substance 
cannot be dissolved out by water. 

Legumin treated with sulphuric acid yields tyrosine, leucine, glubimic acid (p. 
active aspartic acid (formerly regawied by Ritthausen as a peculiar acid, and calKd 
hgamic acid), and brown amorphous substances. 

Substances very closely allie<l to tho legximin of peas, beans, &c., but exhibiting 
sliglit diversities in composition and physical properties, are obtainccl from almonds, 
the kernels of plums, apricots, and hazel-nuts, white mustard, tho seeds of lupines, 
and oats. Tho legumin of almonds and lupines (Ritthausen’s coiiglutin) is richer in 
nitrogen (16'65 to 18 93 p. c.) than that of pulse ; it is also more glutinous and more 
soluble in acetic acid (Ritthausen, J, ]?r. Chem. ciii. 65, 78. 193, 273; Zeitsekr. 
Chem, [2] iv. 528, 541 ; vi. 126 ; Gmelin's Handbook, xviii. 427-437). 

UFSOBXrS. (Zinin, Ann. Ch. Phg.<t. [4’1 xii. Ill; Jahresb. 1867, 

p. 416. Limpricht, Zeitschr. f. Chem. [2] v, 336. Dorn, ibid. 597). —This comTOund 
is formed, together with dibenzyl and an oily body, when benzoin (C'^H**0') is 
heated for several hours to 1 30° with pt, of fuming hydrochloric acid satumted 
fit 4- 8°, whereby tho benzoin is converted into an oily body which flofits on tho 
surface, and on opening tho tube immediately solidifies to a yellow laminar nia^s. 
More dilute acid acts only at 170°. The laminar mass is resolved by treatment with 
solvents into lepidene (28 p. c.), sparingly soluble in alcohol and ether, and 
partly remaining undissolved when the product is treated with ether, partly crystal- 
lising in white scales when the ethereal solution is mixed with alcohol .and the ether 
is distilled off; benzyl (about 40 p. c.), which crystallises from the yellow solution ; 
and a thick oil insoluble in water, but easily soluble in alcohol and ether. 

Lepidenfi is insoluble in water, soluble in 170 pts. of boiling, scarcely soluble m 
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1,000 pts. of cold alcohol of 94 p. c. ; soluble in 38 pta. of boiling and about 62 pts. of 
cold ether ; in 28 pts. boiling and about 500 pts. cold glacial acetic acid ; in 2 pts. liot 
and 1 pt. cold benzol. From solution in alcohol or acetic acid, it crystallises in feathery 
or laminated groups of flat iieedies; molts somewhat above 1*75^ to a colourless 
liquid; and solidifies again in tlie crystalline form only when the torapeniture has 
not been raised above a certain point. At 220° it boils and may be distilled 
undecomposod in quantities not exceeding 10 grams. It is not decompose<l by alcoholic 
pot sh-solutioa or even by fusion with pjUussium hydrate. Nitric acid of sp. gr. 1*3 
converts it into oxylepidene. When goi\t.ly heated with pbospboms pontivchlorido, it 
forms a reddish liquid, which solidifies when washed with water, dissolves easily in 
alcohol and ether, and crj^sUlliscs therefrom in needles (Zinin). 

Dihromolepidme^ C’‘**H‘*‘Br^O, is i'ormetl on adding bromine in slight excess to a 
^olution of lopidene in acetic acid, and separates in needle-Bhapod crystals insoluble 
in water, soluble in 410 pts. of hot alcohol, 6G pts. of Innling acetic acid, and 50 pts, 
of boiling ether, and crystallises therefrom in thin Uibles or Liminie. It. melts at 
1110°, and solidifies in the crystalline or amorphous shite, according to the tem- 
perature to which it has been r.iised. With iiiirie acid it forms a noodlo-shapod body 
whicli reacts similarly to oxylepideno. 

Oxtjicpidem, is most readily prepared by heating lepidone to the boiling 

paint with 10 pts. of glacial acetic acid, and adding a inixtiiro of 1 pt. nitric acid of 
sp. gr. 15 and 3 pts. glacial acetic acid, the oxylepideno then crystallising out on 
Cooling. It forms yellow needles (4-sided prisms) insoluble in water, nearly insoluble 
in ether and cold alcohol, soluble in 200 pts. of boiling alcohol of 94 p. c., in 22 pta, 
of hot acetic acid, and easily in benzene. It medts at 220° and resolidifies in tbo 
crystalline form on cooling; but after being lieatod to its boiling point, it forms on 
(•'-(ding a yellow resinous substunco, easily .soluble in alcohol and other, and separating 
ilierefrom with different properties. ()xyl(q)idone dissolved in hot acetic acid is 
e'-inplelely r(.'ducod by zinc to lepidene; by boiling with alcoholic potash -stdu lion it 
i.'^ converted into a crystalline body, separalde by water and differing in its properties 
from oxylepideno (Zinin). 

Lepidene and oxylepideno arc analogous in composition to thionessal and tolallyl 
sulphide; thus: 

Lepidene, C^«ll«0 Oxyhqadcno, 

Thionessal, C2**H*‘*S Tolallyl sulphide, 

and may bo formed from thionessal and tolallyl suljdiido respectively by treatment 
with hydrochloric acid and potassium chlorate (Limpricht). 

Oxylepideno is converted by the most various reducing agents into lepidene, but the 
bitter cunnot bo deprived of any further portion of oxygen, even by passing it over 
heated zinc-powder. Oxylepidone heated with phosphorus pcntachloride yields the 
same products as lepidene, namely, chlorinated derivatives of the latter. The following 
C((mpounds have been obtained by Dom; 

IHchloroxyJcpidene, C“"II’*CFO*, is prepared by treating dichlorothionossal with 
hydrochloric acid and potassium chlorate. It forms white needles molting at 178°, 
and is converted by reducing agents into dichlorolepidone, C”H‘*CI’0, which forms 
white needles melting at 166°. 

Oxylepideno heated in sealed tubes with phosphorus pcntachloride, of (to diminish 
the pressure) with phosphorus oxychloride, yielded : 

1. Pentactdorolf^^ene, C’"H**CFO, in white crystals melting at 186®, very slightly 
soluble in alcohol and ether. — 2. Jlexchlorolejndene, C“H**C1*0, a yallow amorphous 
substance, melting at 80°-90°, easily soluble in alcohol and ether.— B. Ociochlordepi- 
drne, C^"II*2C1*0, an orange-yellow amorphous substance, softemog at 70®, ihelting at 
97°, easily soluble in alcohol and ether. 

Xi8»n>OiaBXiAirB« This variety of mica, hitherto found only at one locality 
in Sweden (iii. 674), occurs, together with danalito, another variety of mica called 
f^ophyUiU^ and a zircon-like mineral, in l^o granite of Rockport, Massachusetts. 
The lepidomelane occurs in black six-sided pnsms with dark green streak, hardness 
alx>ut 3, and ep. gr. 3T69. Analysis gave : 

SiO* 8lF* A1»0' Mn*0* Fe^ FeO MgO K*0 UK) H*0 

39 56 0-62 16 73 0*60 12 07 17*48 0*62 10*66 0*69 1*60 - 100*42, 

fMP-ecing with the general formula (M< ; M:*)SiO< (X P. <Mia, jun., 8iU. Am. J. [2] 
»iiii. 217). 

^ncJkJtmamm, On the methylated derivathrw iti tfiis base, produced to (to 
decomposition of iodine-green, see AMiLiira (p. 164). 
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XiBirCfi^tBSI'aB&GXTa. According to an analysis of this mineral the 
Chichimo mountains in the Ural, by Duke Nicolas von Lenchtenborg (N> Pelersb. 
Acad. Btdl. ix. 188 ; Jahresb. 1865, p. 891), it appears to be a distinct mineral species 
allied to the chlorites. 

BEtreze A.CXS. C*U'20*= I . — Gcutlier (Jahresb, 1867, p. 454) has 

COOH 

pointed out the following differences between the salts of this acid and those of its 
isomeride, diethoxalic acid (iv. 273). The ammonium salt of diethoxalic acid crystal- 
lises by spontaneous evaporation over sulphuric acid in large lamin® ; ammonium 
leucate is amorphous. Zinc diethoxalaie forms wavellitic groups of needles, anhydrous, 
less soluble in alcohol than in water; zinc Icucatc crj'^stallises in scales containing 
1 mol. water, more soluble in hot alcohol than in water. Cupric diethoxalaie is easily 
soluble and uncrystal Usable ; the leucato is a sparingly soluble' precipitate. Silvit 
diethoxalaie contains 1 mol. water; silver leucate is anhydrous. 

C*H'“(Nn2) 

XBirCZXrS or A2MIZEOCA.PBOZC ACT1>, ( .— Tlii.s 

COOH 

compound heated in a sealed tube with fuming hydriodic acid is decomposed, with 
fornaation of caproic acid and ammonium iodide, and separation of iodine ; 

C“H'«NO* + 3HI C«H‘W + NH'I + P. 

Conversely it is produced synthetically by heating bromocaproic acid with strong 
aqueous ammonia to 120°-130*^ for five or six hours in a sealed tube : 

CTI“llrO= -h NH=* = HBr + 


(Iliifncr, Zeitschr. f. Chem. [2] iv. 391, 616). 

In the preparation of leucine by the action of hydrochloric and hydrocyanic acids on 
valcral -ammonia (iii. 581), the crystalline hydrochloride of the base C'HP^N^ dis- 
covered by H. Streckor {Jcdiresh. 1864, p. 417), is first prcxluccd, and this base, ly 
prolonged contact with hydixx?hloric acid, is resolved into ammonia and leucine: 


and 


3CHI'«0 + 2NH3 + 3CNH = 3H^O + 

-t- 6IPO 2N1P -f 3C«H'»N02. 


After the excess of hydrochloric acid has been removed by evaporation, the greater 
part of the leucine may be precipitated by ammonia ; the portion remaining in solution 
may bo recovered by evaporating, redissolving in hydrochloric <vcid, and again preci- 
pitating with ammonia. The removal of the sal-ammoniac by lead-hydrate, as in 
Limprieht’s process (iii. 580), is not to bo recommended, because leucine forms a 
sparingly soluble compound with lead oxide. Leucine solutions boiled with cupric 
Hcetato form a blue crystalline precipitate of cop]>€rJeiicin€. 

licucino melts at 210'^, and when heated to 220‘^-23(>° is converted, with loss of 
weight amounting to about 20 p. c., into leuciraide, C®Il“NO = (C*I1*®0)"NH, which 
after repeated crystallisation from alcohol, forips slender needles, subliming in wliite 
flocks without previous fusion. Sal-ammoniac and a small quantity of amylaminc are 
formed at the same time as secondary products (Kohler,^ A»n. Ch. Pharm, cxxxiv. 36)* 

xstrcopnrrE. This namo is given by Zeplmrovich {Jahresb. 1867, p- 073) 
to an arsenide of iixm, Fe‘*As®, occurring, togetlier with lollingito, (IVAs*), in the 
sidorite vein at Hiittonberg in Carinthia. It is found also in a sparry siderite in 
the Schwarzgrubner vein at Przibram. 


XEVCOBOSOXZO B.CZE. See Kosouc Aezn. 


XBWXZXr. See L.«svvi.ix. 

t 

EIGHT. Relations between Refractive Power and Chemical Compomtion . — ^Tbe 
researches of Gladstone and Dale, of which an account is given in the article Light 
(iii. 624-631), showed : 1. That the specific refractive eneigy of a liquid — expressetl by 

the formula ^ in which p is the index of refraction, and d the density — is nearly 
ft 

a constant quantity unaffected by change of temperature. — 2. That the specific refrac- 
tive eneigy of a mixed liquid is approximately the mean of the specific jfofractive 
energies of its constituents.— 3. That isomeric Ixjdies exhibit in many instances equal 
specific refractive energies. — 4. That in compounds belonging to the same homologous 
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eories, the specific refractive energy increases as the series advances, hnt that the 
amount of its variation is less between the higher than betwoen the lowerterms of tlio 
series. 

I^ndolt (Pow. Ann. Mcxii. 545s oxxiii. 605; Jahresh. 1864, p. 101) simplifies the 
expression of these relations, especially of the last, by adopting, instead of the specific 
refractive energy, the product of this fraction by the molecular weight of tiio compound, 

this is called the rcfraeti(»n-cqui valent. In liomologoiis series 

the refraction increases in all cases for a difibrence of ClI'^ by a nearly etjual 
amount, the moan increment in the fatty acids, alcohols, &c., being 7 60, The first 
and third of the above laws renuiin true for refraction-equivalents U> the Si\mo extent 
»vs for specific refractive energies. The expression uf the second becomes: l^hti 
refra<-tion~cquivalcnt of a mixture or co7nj>ound is the sum of iJte refract iou-cquitmlcnU 
of its componcoits. 

Tills last law gives the moans of detc'rmining the ri-fract ion-equivalents of elements 
from those of their compounds. Landolt has slunvii, by comyiarison of the optical 
properties of a largo number of organic compcnmds, that tho refract ion-eqnivalent is 
increased by addition of oitht^r curbon, hydi'ogon, or oxygen, but by somewhat difierent 
amounts according to tho type to which tho compemul belongs, tln^so values varying 
for C from 4-75 to fj -lfi, for 11 from T06 to 1-33, for O from 2‘4r> to 3 ‘24. I’ho 
mean refraction-equivalents of these three elements in tho homologous fatty alcohols 
and acids aro : 

C H o* 

5-00 1-30 300 

Ily moans of these values, tho refraction-equivalent R of a compound of carbon, 
hydrogen, and oxygon may bo calculated according to the formula, 

R =5 mr + mV + m‘’r\ 

where m, m\ m" denote tho numhors of tho atoms of the three elements, and r, r, r'* 
their refraction-eiyuivalent ; thus in tho case of ethyl oxi<le, C^JI“'0 : 

4 X 5 0 -h 10 X 1-3 -f 3 0 3G 0 
Refi’action-cquivaleut dedviccd from observation , , = 36’26. 

Tlio values above given for tho refraction-equivalents of 0, If, and (> agree very 
marly with those deduced from tho ex|>eriuients of Oladstono and Dale already 
citeil, Gladstone has subsoquently determined, by similar methods, the refraction- 
e(|uivalonts of chlorine, bromine, tin, iodine, and mercury ; and Haagen {l^ogg. Ann. 
cxxxi, 117), by examining a varii ty of liquid haloid cornyMninifH, lias uetluced for 
several of these ©lomonts, refniction-eijuivnlents agi’ceing with those found by Glad- 
stone, together with those of arsenic, antimony, and silicon. 

The fact, pn.viously established by GLi<lstono ami Dale, that a subBtanco when 
dissolved retains tho same specific^ ref nictivo energy, and ctnisequently tho same 
refraction-equivalent, as in tlie solid state, afilirds the means of determining tho 
refniction-equivalents of a great number of solid borlies which could not otherwise 
he ascertained. By determining tho refnicLive indices of a series of chloridos, 
I»i-omidc;s, and iodides dissolved in water, GhKlstono haw shown tlnit a chloride haw, 
in each case, a refraction-equivalent about G less tlian tho corresponding bromide, ami 
about 17 less than tho corresponding iodide; and that a jMjbissium salt has, in each 
case, a refraction-equivalent about 3 2 greater than that ot the corresponding sodium 
about 4 greater than the lithium salt, and about 3*6 less than tho ammonium 
salt. Hence it seems to follow: 1. That tlic different salts are really comparable 
with one another in this respect. — 2. That each halogen and cacli moUI ' retains its 
own refractive power, with whatever otln^r elements it. is combined. — 3. That if tlio 
value of any one of these elements am be ascertained with certiiihty, all the rest may 
also be determined. 

Kxpcriinents conducted on those principles have been extended by Gladstone Kt- 
about 180 difierent salts, containing 28 inorganic salt-radicles and 33 metals. The, 
results aro tabulated in a paper recimtly communicated to tho Royal Society (PAt/« 
'I’rnns. 187U, p. 9 ; abstr. I*roc. 1868, p. 439). 

Tho refraction-cQuiTalents of the elementary bodies deduced from these results are 
given in the foUouang table : 

• These vslaes differ but ellghtly from those of the free elements deduced by Landolt from thiT 
observations of Sebrarf, Dnlong, and Begnault, vl*. C » i’Sd, H « I’M, O «s fl'M. 
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Rifi^tio^-eguivalenU of the Memmtary Bodies. 


Slement * 

Atomic 

weight 

Refraction-equivalent 

Aluminium 






27*4 

8*4 

Antimony 






122 

24*6 

Arsenic 






75 

16*4 (other values ?) 

Barium 





4 

137 

15*8 

Bismuth 






210 

39*2 

Boron . 






11 

40 

Bromine 


• 




80 

15 ‘3 In dissolved salts 16*9 

Cadmium 


i 




112 

13 6 

Caesium 


• 




133 

13*7? 

Calcium 


• 




40 

10*4 

Carbon . 


• 




12 

6 0 

Cerium . 






92 

13*6? 

Chlorine 






36*6 

9 9 In dissolved salts 10*7 

Chromium 


• 




622 

15-9 In chromates 23? 

Cobalt . 






68*8 

10*8 

Copper . 






63*4 

11*6 

Didymium 






96 

160? 

Fluorine 






19 

1-4? 

Glucinum 






9*4 

6 7 

Gold . 






197 

24*0 

Hydrogen 






1 

13 In hydracids 3*6 

Iodine . 






127 

24 5 In dissolved salts 27*2 

Iron 






66 

12 0 In ferric salts 20*1 

Lead 

• 





207 

24*8 

Lithium 

• 

• 



• 

7 

3 8 

Magnesium 

s 

• 



a 

24 

7*0 

Manganese 

• 

s 




66 

12*2 In permanganate 26*2 ? 

Mercury 

e 





200 

21-3 In compound iodides 29 0 

Nickel . 


« 




68*8 

104 

'Nitrogen 

• 





14 

41 In high oxides 6*3 

Oxygen 

1 

• 




16 

2-9 

Palladium 

s 

a 




106*5 

22 2 

Phosphorus 


• 




31 

18*3 (other values ?) 

Platinum 






197*4 

260 

Potassium 


• 




39*1 

8 1 

Khodium 


• 




104*4 

24*2? 

Rubidium 






85*4 

14*0 

Silicon . 


• 




28 

7*6? In silicates 6 8 

Silver . 


• 




108 

1 3*6 (other values ?) 

Sodium 


a 




23 

4'8 

Strontium 






87*5 

13 6 

Sulphur 






32 

16*0 (other values ?) 

Thallium 






204 

21*6? 

Tin 






118 

27*0 In tetrachloride 19*2 

Titanium 






60 

25*5? 

Uranium 






120 

108 

Vanadium 

a 





61*2 

26*3? 

Zinc 

s 





66*2 

10*2 

Zirconium 

« 





896 

22*3? 


The sign ? in the abore table indicates that the equivalent has been deduced from 
only one compound, or that the different determinations are not fairly accordant. 

It will be seen that many of these elements have a double value. An element 
usually exerts the same influence on transmitted rays in all analogous wmpcunds, 
and in many that are not analogous ; but there are differen^^ of composition which 
do affect this quality, and in some cases at least these are coincidSilt with a change of 
a^tomicity. Thus iron in all the ferrous salts examined has the equivalent 12*0, but 
in the ferric salts 20*1. The knowledge of this can be applisd to the exaimnati<m^ 
other compounds of the same element, such as the ferricyanide of potassium. The 




LIGHT. 


. 785 

rcfrftction*oquu'alent of this botly gives for irou 11*7, suggesting that the motal is in 
the same eondition as in the ferrous salts. 

Again, in most of the vegetable ac ids, as in other organic compounds, hydrogen has 
a refraction-equivalent of 1-3, but in hydrochloric, hYiIrobroniic,and hydriodie acids it 
exerts a far greater influence on light, its refraction-equivalent in these comi^ounds 
being 3*5. 

The bodies of the aromatic groxip, two st'ries of nitrogenisod bases, viz. the p^ ridino 
series and chinoliiio series, and certain oxidised essential oils, exhibit refraction- 
equivalents considerably higher than those calculated fi\)ni the values of the elements 
ill the preceding Uvblo ; for example ; 


1 

1 Substance 

Formula 

llrfnuM iiMi 

Olc^'rv<Hl 

c<iuiv«lctit 

Ciilculutoil 

DltTorcnco 

Benzene 

C“1P 

13 7 

37'8 

5-9 

Aniline 

CTI’N 

51T 

13-2 

7 9 

.Salicvlol 

C'WO 

58 0 

48-6 

10-3 

Pyridine 


lo-i 

35-6 

4-5 

Chinoline 

mvN 

r.c>-7 

58 2 

8-5 

Naphthalene 

C'«1P ' 

7 5 0 

60-4 

14-0 

Anethol 

! 

81-4 

G8-5 

12-9 

Kugenol 


811 

71-4 

9-7 

Anthracene 

1 C“IP« 

100-3 

83-0 

17-3 


(Gladstone, Chcni, Soc. J. [2] viii. 117). 

The specific refractive energies, ^“^,of Ihc metals are for the most part greater 

as their cor’biriing pro jxirt ions are less. Tills will ho seen from the following 
numbers extracted from Gladstone’s tabic ji. 113): 


Combining proportion 
Sp. refr. energy j 

d ) 


II 

Li 

Mpr 

I-e 

IM 

Pt 

ri) 

Tfi 

1 

4*7 

12 

28 

26 0 

49-3 

103-5 

204 

1300 

540 

292 

211 

208 

132 

120 

103 


There arc, however, many exceptions to this rule. 

On the application of spocitic rcfrictive energies t^ the quantitative analysis of 
niixtures of organic liqui<ls, such a.s methyl and ethyl aleoliol, which cantmt bo 
accurately separated by chemical methods, see liOmlolt {A?in. Ch. Pharm. Utippf, 
iv. 1 ; ZeUachr. anal. Chem. iv. 300 ; Jahreah. 1805, p. 080). 

On the relatione boUveen refi’acting power and chemical composition, son also 
J^ hmuf {Pogg. Ann, cxviii. 359 ; cxix. 461, 553 ; cxxvi, 177 ; cxxvii. 175, 344 ; Jahrenh, 
1803, p. 98 ; 1865, p. 84) ; J. Regnault {J. Pharm. [3] xliii. 187 ; xliv. 187) ', Fouqu6 
{Compt. rend. Ixiv. 121 ; PhU. Mag. [4] xxxiii. 565 ; Jahreiib. 1807, p. 96). 


Fluorescence. — When, instead of observing fluorescence directly, a pure linear 
spectrum of the fluorescent light is sulyocted t« prismatic analjysis, it is found that, 
for ciich fluorescent substance, the fluorescence begins at a distinct prismatic adour, 
and is not excited by any rays of lower refrangibility. When sunlight is uscel, both 
the limit of the fluorescence and its maximum intensity, for each particular substance, 
are situated (with slight variations) at the same part of the spectrum, land arc 
therefore characteristic of that substance. Throughout the whole extent of the 
fluorescent portion of the spectrum, the prodciminant tints in the secondary spectrum 
are the same, so that the composition of the fluorescent colour is independent of the 
nature of the colour which excites it, and is likewise characteristic of each fluorcHcent 
substance. In light from artificial sources, or light which lias passed through 
coloured media, the banning and maximum of the fluorescence mapr be situated at 
points of the spectrum difleront from those at which they are placed in sunlight. 

Composite fluorescences, such as those of tincture of litmus and alc^iholic tinctufs 
of quassia, exJiibit, by prismatic analysis of the linear spectrum, seveml serondary 
fipeefara. Mixtures of fluorescent substances, on the other hand, exhibit either a 
composite fluorescence (which may be resolved by prismatic analysis into simj^e 
fluorescences), or a fluorescence which cannot be rec^nised as composite. In the 
latter case, therefore in a mixed solution of sesculin and fraxin), the fluores^nce 
>• no loxurer charaeteri^ic. In substances which fluoresce in solution, the tolTeot 

Sup, 3 K 
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exerts an influence, either on the intensity alone, or likewise on the nature of the 
fluorescence. Thus the aqueous solution of aesculetin-red exhibits a fluorescence 
different from that of the alcoholic solution. The fluorescence of some substances is 
strengthened, and sometimes also modified, by addition of acids, that of others by 
addition of alkalis. Solutions of sescuUn, sesculetin, fraxin, and similar compounds, 
fluoresce more strongly on addition of ammonia or a fixed alkali ; less strongly and 
in a different manner on addition of acids; in this latter case, the original fluoresconee 
is restored by saturation with an alkali. The feeble fluorescence of neutrjil quinine 
salts is converted, by addition of most acids, into the strong and totally different 
fluorescence of the acid salts ; but hydrochloric and hytlriodic acids destroj- it almost 
completely (V. Pierre, Wien. Akad. Her. liii. (2. Abth.), 704 ; Jahresh. 1866, p. 79), 

Fluorescence is developed in an aqueous solution of quinine by the addition of an 
oxygen-acid, such as sulphuric, phosphoric, nitric, iodic, acetic, benzoic, tartaric, 
whereas hydracids, such as hydrochloric, hydricnlic, hydroferrocyanic, hydroplatino- 
cyanic, &c., not only do not develop fluorescence in the quinine solution, but destroy 
it when previously developed by an acid of the fonnor class. Ilyposiilphurous acid 
resembles the hydracids in its effect on tho fluorescence of a quinine solution ; Init 
this acid, though usually classed with tho oxygon-acids, nevertheless exhibits many of 
the chemical characters of a hydracid (Stokes, Chem. Soo. J. [2] vii. 174). See Hypo- 
suLPiiUROus Acin, under Sulphur. 

According to C. B. Greiss {Vofjg. Ann. cxxxlii. 171), fluorescent substances are 
found in all parts of plants and animals. Many organic compounds not occurring in 
nature (amyl alcohol, acetone, creosote) likewise exhibit weak fluf)rescence. 

On the alteration of the fluoresconee of certain vegetable tinctures, produced by 
filtration through animal charcoal, see J. E. Loughlin (6W/. Am. J. [2] xHii. 239 ; 
Jahresb. 1867, p. 104). 

Tho conversion of rays of lower into rays of higher rofrangibility — tho opposite of t!io 
change which takes place in fluorescence — -was designated by Einmsmann {Pogg. Amt. 
civ. 651 [1861]) as * negative fluorescence.’ An example of it is afforded by tlio 
incandescence of a platinum wire or of a piece of lime held in a hydrogen flame, tho 
dark ultra-rod rays which constitute tho greater part of tlio spectrum of tliis fiaino 
being then converted into rays of higher refrangibility, and so becoming lumiimns. 
This phenomenon lias been further studied by Akin {7'he Bender, Sept. 1863 ; 1‘hiK 
Mag. [4] xxviii. 554; xxix. 28, 130) and Tyndall {ibid, xxviii. 329 ; xxix. 44, 218, 
211 ; Proc. Bog. Soc. xiv. 33, 476). When the luminous and calorific rays from an 
electric lamp are passed tlirough a sufficiently thick stratum of a solution of iodine in 
carbon bisulphide, which absorbs all the visible rays, and gives passage only to tlio 
itivisihle ultra-red rays, and these rays, which are the least refrangible of all, are tlu n 
made to pass through a system of lenses, a focus of invisiVde but very hot rays is pro- 
duced, which easily sets fire to inflammable substances, and raises metals and otlur 
s(jlid bodies held in it to a state of vivid incandescence, causing them to emit rays of 
every degree of rofrangibility (Tyndall). Tho same exaltation of refrangibility nu\y 
be more simply exhibited by placing a piece of fluor-spar (chlorophano) in tho flue of 
an ordinary stove, so that it may be heated by the dark rays radiated from the mode- 
rately hot walls of tho flue; the' mineral then becomes luminous in a few minutes 
(G . Bohn, Jahresb. 1867, p. 103), As fluore.sconce properly' so called — i.e. the lowering of 
the refrangibility of rays — takes place at ordinafy temperatures, W’hereas tho phenomena 
iust noticed, designated by Emmsmann as negative fluorescence, take place only at 
high temperatures, Tyndall prefers to denote them by tho term caloresconce. 
Akin uses the word calosconco. 

Circular Polarisation . — The rotatory power of volatile substances is not con- 
stant, but varies with tho temperature, its variation being representeti by the general 
formula a + bt + ct^, in W'hich c is very small and sometimes equal to nothing. For any 
given temperature, the rotations of the different rays are not exactly in inverse prop<^>r- 
lion to tho wave-lengths, tho variation being different in different substances. The 
proportion of the rotations of any one ray at different temperatures holds goo<l likewise 
for all other rays, in the case of any gii'en substance. This last law applies also to 
the vapours of ciimphor and certain volatile oils, tho rotation of which is moreover 
tlie same in direction, and equal or nearly equal in amount to that which would he 
produced by the solid or liquid substance at tho same temperature (Gernez, Cowpt. 
rend. Iviii. 1108). 

xzaaT, MauLsmusnnirr oi> vas CHsuczcjajLi Acnoir oi*- 

Aecording to the method described on p. 689 of vol. iii. (which consists in the exact 
estimation of the tint which standard sensitive paper assumes when exposed for a 
given length of time to the iiction of daylight), a regular series of measurements was 
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continued for two years nt Kew Observatory (Roscoo, Phil. Trans. 1867, S66), proving 
that a continued series of such daily observations can be effectually and satisfactorily 
carried out^ The cun^es (figs. 31, 32) show the rise and fall of monthly chemical 
intensity with the hour of the day at Kew for the year 1866, whilst the numbers in 
the following table give the mean monthly integrals of chemical intensity for the 
same periixl. 


Fio. 31. Fig. 32. 



January . 15 0 May . 78*0 St^ptember . 70*1 

F('l)ruary . 24*3 June . 92-3 October . 29*5 

March . 34*.') July . 106*9 November . 15 (> 

April . 78 9 August. 94*5 December . 14*0 

From those curves, ns from the observational numbers, it is soon that the chemical 
intensity for hours equidistant from noon is the sumo. Tlius 

Chrmtcal 

intensity 

Tlie moan action, from 552 morning observations in 1865-C7 at 0.41 a.m. is = 0*105, 
,, ,, ,, 529 afternoon „ ,, ,, 2.27 r.w. ia -■ 0*107. 

So that we may conclude that when the disturbing causes of clou<l, &c,, arc eliniinateil, 
the daily maximum of chemical inton.sity corresponds to the maximum of sun's alti- 
tude, and that the chemical intensity exhibits no sign of a post-meridian maximum, 
as is oV)Sorvcd in the moiisurcmonts of hourly temperal ure. Although the curves of 
mean daily chemical intensity, showing the variation from hour to liour, are symmetri- 
cal, this relation appears by no moans to liohl goiKi for the curves of yearly chemical 
inten.sity. This is distinctly seen by cumparing the monthly means for the two 
months about the vernal with tlic two about the autumnal equinox, for 1865, ’CO, 
and '07 : 

186.5,7 Mean C. I. 1«C« Mean C. I. 

March 18G7 . . 30*5 March 1860. . 34 5 

April 1865 . . 97‘8 April 1866 . . 52*4 

September 18G5 . 107 '8 Sejjtembor 1866 . 70* I 

August 1865 . 88 9 August 1866 . 94*5 

Or for 100 chemically active rays falling in the months of March and April 1865, ’66, 
’67, at Kew, there fell, in the months of August and iSeptember 1865, *66, ’67, 167 
rays, the sun’s moan altitude being the same in both cases. The curve (fig. 33) shows 

Fio. 33. 
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the biennial variation of chemical intensity at Kew for the two years ending April l, 
1867. The yearly integral for the tweh’-o months, January to March 1867, and April 
to December 1865, is 65*7 per diem, whilst that for tlie 1 2 months of 1866 is 547. 
Prom careful comparison of the other meteorological elements it appears that tho 
difference in chem'iciil intensity between spring and autumn cannot be ascribed to a 
greater amount of cloud at one of these seasons over that at tho other, but ratljcr to 
tho variation in the transparency of the atmosphere, partly caused by variation in tlio 
humidity of the air, and partly by tho presence of finely divided solid particles, which, 
floating about, produce the phenomenon of atmospheric opalescouco. 

Our knowledge concerning tho distribution of the clicmically active rays on the 
earth’s surface is as yet but limited. It has been frequently stated (Golding Bird, 
Nat.Fhil. 5th edit. 622) that the chemical intensity of light on snowy peaks and in 
tropical climates is much less than that in our own latitudes, and that photograpliers 
in Mexico havefo^nd it impossible, amidst the glaring rays of a tropical sun, to obtain 
a picture which, in the gloomier atmosphere of England, would need an exposure of 
only one minute. 

A series of experiments made according to the above-described methoil (proposed by 
tho writer of this article) by Dr. Thorpe at Para on the Amazons (long. 48° 30' AV., 
lat. 1° 28' S.) prove that any difficulties which a photographer may have in the tropics 
cannot be ascribed to an insufficient supply of the sun’s clicmically active rays. The 
following table gives the mean daily chemical intensities at Kew and Para for 15 day.s 
in April 1866 : 


Date 

Dailj’ nieHU Intensity [ 

Ratio 

Kow 

Paiii 

April 4, 1866 



269-4 


Jl ^ 11 “ 

28-6 

• 242-0 

8*46 

n 7 >t 

7-7 

301*0 

39*09 

Jl ^ H 

6-9 

326*4 

55*25 

jj 11 

25-4 

233-2 

9*18 

„ 12 „ 

55-8 

203*1 

3 66 


52-2 

337*8 

6*40 


38-5 

265*5 

6*89 

M 18 „ 

39-8 

350*1 

8*80 

» 19 » 

75-2 

352 3 

4*68 

„ 20 „ 

38*9 

385 0 

9*90 

„ 23 „ 

80-4 

350T 

4-35 

n 24 „ 

83-6 

362-7 

4 34 

» 25 „ 

73-7 

307-8 

4*17 

M 26 „ 

391 

261*1 

6-67 

Mean intensity 

46 66 

302-2 1 


Tho changes in chemical intensity, as observed from hour to hour, or even from minute 
to minute, are very sudden and remarkable. These sudden variations, seen in figs. 34, 35, 
36, are caused by the passage of enormous thunder-clouds, which during the rainy 
season spread quickly over the sky ; the chemical action sinks down to zero, and as the 
clouds pass away, with torrents of deluging min, the chemical intensity again rises. If 
the observations made when the sun’s disc was xinobscured are tabulated, and a cuivo 
plotted from these numbers, we got a good idea of tho march of daily chemical inten- 
sity under tho equator daring sunshine. This curve (fig. 36) is a symmetrical one, 
and exhibits a maximum at noon. The dotted lino is the curve of mean chemical 
intensity for April at Kew, and the relation of the two intensities is as 62‘4 to 813*3, 
or as 1 to 6-98. 

A very exact series of experiments (Roscoe a. Thorjje, Proc. Hoy. ^d?. T870ii;IWl) 
has been subsequently made in Portugal, when the sky was cloudless, for 
of determining the relation existing between tho sun’s altitude and the cnemical 
intensity of total daylight. This relation is shown to be graphically represent * 
ifUmtight line for altitudes above 10° ; this fact had previously been observed ’ 
complete way at Kew, Heidelberg, and Para. Hence we learn that, 
chemical intensity for the same altitude at different places and at diffei 
the year varies according to the varying transp)areiicy of tho atDK^ 
relation at the same place between altitude and intensity is alwajrs 4ri^ 
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straight line. This variation in the direction of the straight lino is duo to the opalescence 
of tiio atmosphere, and it has been invariably observotl that, for equal altitudes, the 
higher intensity is always found where the mean temperaturo of tho air is greater, as 
in summer, when observations at the same place at diileront seasons are compared, or 
as the equator is approacheil, when tlio actions at different places are oxarainod. The 
differences in tho observed actions for equal alutudes (which may amount to more than 


Fin. 34. Fio. 35. Fin. 36. 



100 p. c. at different pbiccs, and to nearly as much at different seasons of tho year) 
srrvo as exact inoasurenumts of (1) tho transparency and (2) (lie relied ing power of 
tho atmosphere. 

One important conclusion to which those iloti rminations have led is llie fact that at 
altitudes below 10° tlmdirect snnliglit is robliod of almo.st all its cbomically active 
powers. This has been noticed in Manclicster, lleiilelbcrg, Kew, Para, and Lisbon. 
Tims at Manchester, when tho snn wa.s 12° 3' above the horizon, it was found 
tliat of 100 chemically active rays falling on tho horizontal surface, less than 6 were 
duo to tho direct sunlight, wliilst 95 camo from the diffused light of the lieavons, oven 
when the sky was unclouded. At the same instant, of 100 rays of visible light as 
affecting the eye, 00 camo directly fr( m the sun, and only 40 Irom the diffuse sky- 
light. Tins same preponderance of the cbeinical activity of tlio diffuse light exists at 
higher altitudes. Thus at 25° 10^ tho rat io of the clu niical intensities ot diffuse to 
direct sunlight was as 100 to 23, whilst the ratio of their visible intensities was ns 
100 to 400. The following tal.do gives tho results of tho Lisbon experiments arranged 
according to the sun’s altitiulo : 


No. of Observations 

Moan Altitude r- 

8un 

Chemical Intensity 

Sky 

Total 

15 

9° 51' O'OOO 

0 038 

0-038 

18 

19° 41' 0'023 

0063 

0-085 

22 

31° 14' 0 052 

O'lOO 

0]d2 

22 

42° 13' OTOO 

01 15 

0215 

19 

53° 9' 0130 

0-120 

0-262 

24 

Cl° 8' 0 195 

0T32 

0-327 

11 

G4° 14' 0-221 

0-138 

0'359 


This wttinj offof the chemically active (most refrangible) rays is duo to tho opal*- 

The Mnall particles of floating solid and liquid matter which are 
sunbeam, and aie present in all natural air, reflect the ^ 

givii^^frto the raddy tints of sunrise and sunset. That mere traces of finely divid^ 
" ^ . Of .u- r.av« cATi be shown bv a stmtila 


WSkv dl^ded suspended sulphur in the callon-which produce so siignt an 
can scarcely detect it- and then endeavour to expire a bulb of 
hydrogen gases by a bright flash of light when thp opalescent 
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Bolution is placed between it and the bulb, no combination occurs ; but the bulb ex- 
plodes imm^iately when pure water is used instead of the opalescent solution. In 
opal glass we have a good illustration of the action of the atmosphere upon the chenii- 
cally^tive rays. The opalescence of the glass is ^used by the presence of very 
minute particles of bone-phosphate or arsenious acid disseminated throughout the 
mass. By reflected light the glass appears white or bluish-white, by trausmitte<l 
light it appears orange. If a bright source of light bo placed behind the gbiss, the 
direct rays are seen to bo red, whilst the general diffused light refli^cted from the 
particles of the finely divided matter suspended throughout the glass is bluish- 
white. 

Basis of a Qua7iiiiatit’e PkolograpJij/. 

lidative Sensitive^iess of various Photographic Papers. — A. Macdougall 
J. [2] iii. 183) has measured accurately the relative sensitiveness of various silvered 
papers, salted with solutions oT different strengths of sodium chloride, potassium 
chloride, ammonium chloride, and potsissium bromide, and afterwards floated on a 
strong silver nitrate bath of constant composition. From these experiments it appears 
that the sensitiveness of a photographic paper depends solely upon the qimntity of the 
halogen (chlorine and bromine) contained in the salting solution, and that it is not 
influenced by the metal (K, Na, NUh Ba) with which the halogen is combined. The 
following table gives the relative sensitiveness of papers prepared in solutions of 
chloride of sodium containing in 100 parts quantities varying from 0’20 to 20 0 parts 
of salt, and all silvered in a bath containing 12 p. c. of nitrate : 


p. c. of 
NaOl 

0 - 25 
0-60 
10 

1- 5 
2*0 
30 
4-0 
60 


Relative 

sonsitiveness 

0-448 

0 - 782 

1 - 000 
1-29 

1- 79 

2- 33 

3- 19 
3-85 


p. c, of 


Relntivo 

NaCl 


sensitiveness 

6-0 . 


4-45 

7-0 . 


4-75 

8-0 . 


. 4-98 

9-0 . 


5-24 

10-0 . 


5-69 

15 0 . 


6-81 

20-0 . 


7-20 


That the sensitiveness depends solely njion the quantity of chlorine and bromine 
present is seen from the following numbers : 

llclatlvo 


Chloride of sodium . 
Chloride of potassium 
Chloride of ammonium 
Chloride of barium 


Bcusitiveucss 
. 1-60 

. 1-63 

1-63 

. 1-66 


Bromide of sodium 
Bromide of potassium , 
Bromide of ammonium 
Bromide of barium 
Bromide of quinine 


Relative 

BcnaitivencsB 

1-43 

1-3(5 

1-41 

1-40 

1-43 


C R. Wright iChem. Soc. J. [2] iv. 33) has continued these experiments, determining 
the relative sensitiveness for an equal number' of atoms of chlorine, bromine, ana 
iodine, or mixtures of these halogens, present in tlie paper. Be finds that in all cases 
the darkening of these differently prepared photogr.iphic papers obeys the law ol 
Bunsen and Roscoe, viz. that the same tint is always produced when the product ot 
the intensity into the time of exposure is constant. It was however proved that 

, ... i.w . ,1.^ r.11 of flio ciiTTin rRTCS I 


of light, it assumes a detinito senes oi unis m uiv x, - t • • ' 

if, however, bromide paper be exposed to t lie same source of light, the relative times 
in which it assumes the same series of tints are not 1, 2, 3, 4 . . but are 

some other proportion. . . . 

It has ftirther been shown that this proportion remains constant for a pap®^ 
salted with the same halogen, whatever the strength of the salting solution may b© , 
thus the relative rates of darkening of the 10 p. c., the 3 p. c., the 
chloride papers are identical; and the same was found to hold good with Ur©^ papem 
salted in bromide of potassium. Hence it is clear that if the relative 
of papers salted with different halogens is to be compared, some particulM 
be tSen as a standard of reference. In order to determine the relative timW 
by papers prepared with various halogens to gain the same definite seriee ^ 
solutions wore prepared containing a quantity of bromine, and 

bromine, and iodine, equivalent to the quantity of chlorine in a 4 per cent. pota«mtt» 
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chloride solution. The relative 8eii8itivono.sB of papers prepared in each of these 
solutions was accumtoly detormincd, und tables arc given in which are found tho 
relative times for which pieces of these papers must l>o exposed to a constant source 
of light in order to gain a given series of tints, and, therefore, tho relative intensities 
of light to which they must bo exposed for a constant time to gain the same series 
of tints. From this table tho reiativo sonsitivenesa of any of those tvipeiii with 
respect to any tint can bo culculntod when their relative sciusit ivoncss with respect to 
some one given tint is known. The following numbcr.s give tho relative sensitiveness 
of 6 papers with respect to tho normal tint ; 

Chloride . . I'OOO I Chlorobromide , . 4‘022 | Urotniovlido . . 4 060 

Chloriodide . 1078 j llroniidc . . . 2-800 [ 


rhoiomdxr for Vkotograj^hic Purposed 

II. Vogel {Her. d. deutseh. Chem. Gts, 186S, 02) has described tbo arrangements 
of a simple photometer. It consists of a semi'transparent ]>;\piir scale, of which tho 
tints vary in regular gradation ; umler this scale is placed a pay^or sensitisod with 
chromate of poUisli, which becomes darkeiusl exposure to light. In otxlor to 
recognise tho efteot of tho light, black letters arc jiainlctl on tho scnlo, and the 
|M 3 rtions of the paper under these letters remain unacted on. No numerical results 
of tho working of this instrument have yet appeared. 


Chemical Dccompiosition of the V<i/>oi(r of Volatile On/anic Podiea hy the 
Action of Lujhi, 

Tyndall {Proc. Roy. Soc. xvli. 92, 228, 817; Hdd. xviii. 176), liy subjecting the 
vapours of volatile liquiiis b) the action of concf^ntraletJ sunlight, or b) the con- 
centrated ucam of the electric light, has sliown that a remarkable d(^c«)ni})osition is 
brought about, which is rendered visible by tho formation of singuiar cloud-liko 
forms. These clouds disappear when the exjKiriimmlal tube through wliich the rays 
pass from end to end, is again rendered vacuous. 'I’lio substance which was first 
experimented upon was nitrite of amyl (boiling from 91° to 96°) ; when tho 
slightest trace of this vapour was intr<Mluced inb) tln^ tube, and tlio electric beam 
allowed b) shine through it, tho tube at first appeared ojdically empty ; notliing 
whatever was seen within it; but bid’ore a st'cond had elapsed, a shower of liquid 
syilieriiles W'as y^rccipitated on the lieam, thus generating a cloud within tho tube. 
l)ry oxygen, hydrogen, or nitrogen can be equally Well used as a diluent, and the 
effect is, therefore, not due to any interaction between tlie nitrite and its x'ehiclo. 
The seat of the observed action i.s in the vayiour itself, but Tyndall does not attempt 4!>> 
detennino strictly tho character of the decomposition. Ilrown nitrous fumf!S wore 
however noticed, and it is probable that amyl nitrate was formed. The more 
refrangible rays are those which especially produce these singular docomyiositlons, 
though the effect was observed, but to a very much diminishiwl degree, with the rod 
rays. A solution of yellow chromate of potash, made of such a strength as to bo 
identical in colour with that of tho liquid nitrite of amyl, was found to stop the 
active rays more effectually than red glass; but by far tho most complete miMo of 
arresting the rays which protluco these changes is to allow them to iwss through a 
screen of the vapour of tho nitrite itself : a layer of vapour ^ of an inch in 
thickness, althougn scarcely affecting the luminous intensity, was sufflciont to absorb 
the whole of the chemical energy of tho beam of the electric light. A lyluo cloud of 
decomposing nitrite of amyl can also bo obtained by groatW diluting the vapour. 
Other organic liquids, such as iodide of isopropyl and iodide of allyl, as well as 
hydriodic acid, gave aing^ularly beautiful cloud-forms of varying tints when subjected 
to a simitar treament. ^ ^ 

UOWOBS. See Glycolionose (p. 640). 

UOinnMC dO&irBmXSrVMv said to be used with gocnl results as a remedy for 
intermittent fever, contains a somewhat considerable proportion of brucine, tc^ether 
with a little stiychnino (B. van Berlekora, Zeitechr. f, Chem. [2] ii. 443). 

Uirp&BXC AOZO« (iii. 700). — The ethereal sedation of tho lead aalt 

of thie acid, left to evaporate on a glass plate, leaves a white amorphous residue 
consisting of the lead salt of oxyliuoleic acid, C'*H**0*. The acid s epara ttKi 
from this salt by hydrogen sulphide and dissolved in alcohol, remains on eVsMtatiott 
as a nearly colourless viscid mass, which becomes blood-red, but without alteration 
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of composition, when heated to 100° or troiited witli acids or alkalis. Its colourless 
alcoholic solution is not altered by alkaline carbonates at tlio boiling heat, bxit caustic 
alkalis turn it rod even at ordinary tomperatures. When linoleic acid is exposed to 
the air in a thin film till its weight becomes permanent, a colourlesss resinous 
substance is formed, having the composition of a hydrate of oxylinoleic acid, 
Qiaj£J605 .H-fQ. Heated to 100° it gives off 6-7 p. c. water, and becomes blocxl-rcd. 
By prolonged contact with the air, more quickly when frequently moistened with 
ether, colourless oxylinoleic acid loses its viscid consistence, and is converted into 
linoxyn, or a neutral, amorphous, elastic, non-hygroscopic 

body, heavier than water, insoluble in water, dilute acids, alcohol, and ether, but 
soluble in a mixture of alcohol and chloroform. In warm aqueous potash, and more 
slowly in ammonia, it dissolves to a red liquid, which, when supersaturated with an 
acid, yields a yellowish-rod flocculcnt precipitjite, soluble in alcohol, and still more 
in ether, and exhibiting the composition and properties of oxylinoleic acid. liinoxyn 
is also formed in the drying of linseed or poppy oil exposed to the air (G. W. Mulder, 
ScJmkund. Verhandl. tn Onderzoek. iv. (1 Stiik), 1 ; Jahresh. 1865, p. 324). 

XiZXrOSCYir. See the last article. 

ILXIVSEZSS OXE contains, according to Mulder {loc. a7,), 77*0 p. c. carbon, 
11*2 hydrogen, and 11 ‘8 oxygon. Besides linoloin (about 80 p. c.), it contains elain 
(i.c. a fat yielding sebic acid by dry distillation), palmitiii, and myristin (the two 
latter amounting to about 10 p. c. of the oil). By dry distillation it gives off sol.ic, 
p,almitic, and myristic acids, together with acrolein, and leaves a substance insolul.lo 
in ether and resembling caoutchouc, from tho analy.sis of which Mulder infers that it 
is an anhydride of linoleic acid, C'^IP^Cj or 

XiXYHZirilX. The following method of preparing a lithium salt from lopidolilo is 
given by Mierzinski {Zeitschr, /. CJiem, [2] v. 340). Twenty-five pounds of pulverised 
lepidolite are digested for twenty-four hours with 30 pounds of strong sulphuric acid, 
and then fused in a ciaiciblo till all excess of suip>huric acid is driven off. Oii 
exhausting tho residual mass with hot water, tho whole of the silica remains 
undissolvod. The iron, manganese, and aluminium are procipiUited from the solution 
by ammonium carbonate, and tho sul])huric acid from tlio filtrate by barium chloride. 
The liquid, which contains only tho chlorides of the alkali-metals, is evaporated to 
dryness; the residue is digested with alcohol, whicli dissolves only tho lithium 
chloride ; the syrupy lithium solution which remains on distilling off the alcohol is 
precipitated by ammonium carbonate ; and the precipitate is washed with alcohol. 
See also Lunglmayr, Bingl. pol. «7. clxxi. 293; Jahresh. 1863, p. 182; — Reichardt, 
pol. J. clxxii. 447 ; Jahresh. 1864, p. 186 Schrdtter, J. j)r. Chein. xciii. 27 ; 
also* tho article Rubidium in this Dictionary, v. 128 v. Hauer, J. pr. Chem. 
xcv. 148. 

Rammelsberg (^Pogg. Ann. cxxviii. 311 ; Jahresh. 1865, p. 167 ; 1866, p. 157) 
examined the crysbillino form and composition of several lithium salts, with tho view 
of ascertaining whether they are isoniorphoua with tho corresponding salts of 
potassium or sodium. The sulphate, In^SO* -t- IPO, crystallises in monoclinic prisms 
having the cl i nodi agonal, orthodiagonul, and principal axis in the proportion 
0*8278 : 1: 1*2021, and the angle of the inclined axes = 70° 29'. A solution of 
potassium sulphate and lithium sulphate in equivalent proportion, first dep<Jsits tho 
former salt, t\\en potassio-W hie sidphaic,'Klj\^0*, in double hexagonal pyramids having 
the secondary to tho principal axis as 0*6006 : 1 ; they agree with the crystals of 
sodio-potassic sulphate only in their general symmetry, not in the ratio of their 
axes or tho inclinations of their faces. Tho mother-liquor ultimately yields 
small crx'stals having tho form of the hydrated lithium sulphate above described, 
and tho composition (K^SO*.H^O) + (iLi'^SO* + IPO) or K‘"Li*(SO‘)* + 2II‘^0- A 
solution of tho sulpliatos of lithium and sodium in equivalent proportions yields by 
evaporation hexagonal crystals (combinations of a rhomlxjhedron having a terminal 
aiiglo of 102° 28' with tho end-face and the second liexagonal prism). The first 
crop of these crystals had the composition Na®Li(SO*)* -i- eH’-'O, the second crop 
Na‘‘Li*(SO‘)* + 9IPO. Finally, crystals wore obtained having the form of the 
hydrated lithium sulphate, but containing the sodium salt in isomorphous con^vna- 
tion. The kyposulphate, -t- 211=^0, obtained by decomposing barium bypO‘ 

sulphate witli lithium sulphate, crystallises in rhombic combinations of prisms 
pyramids having the axes a : h : c, as 0*5986 : 1 : 1*0355, isomorphoiw with the 
sodium salt. Tlie crystals become moist in the air and ^ssolve very easily in 
The neutral chromate, Li*CrO‘ + H'-'O, forms rhombic prisms having the axes 
as 0*6619 ; 1 : 0*4663 ; very soluble in water. The dichromate, Li“CrO*.CrO* + 2li 
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separates from a solution cvaporattxl to a syrup, in deliquescent Im^wn-blncJc 
crystals having some of tlioir faces curved. Am7)io»io~li/hic cnrmnatf^ Li(NlJ*)CrO* 
+' 211*0, separates from a solution of acid lithium chromate supt'rsaturate<l with 
ammonia, in slender rod-brown non deli quesoont needles. The arsenate^ Li*ABO* 
+ is precipitated by ammonia in the pulverulent form, from n solution of 

arsenic acid saturated with lithium carbonate. A solution of this salt in arsenic 
acid yields, by spontaneous evaporation, tninsparent delinueseent rhombic prisms (of 
about 142°), consisting of acid tithium arsdiaie, Lili‘As()‘ +• pPO, which is 
resolved by water iitto the i^eutral salt and free arsenic acid. I.ifniinn moly})daU\ 
Ia*MoO* + is obbiinod by boating niolybdic acid with ammonium carlw>nato 

and water, and evaporating the soluti<m, in sinnll no<^luhir groups of crystals 
permanent in the air, and moderately soluble in water. 

l^OXiZiZiarG’SnrS. This name is given by Zeph.arovicli {^Jahrenh. 1867, p- ^73) to 
the iron arsenide, FeAs*, occurring in the vein of sidcrito at Lolling, near lliiUen- 
berg in Cariuthia, the mineral Lucas'*, originally thus designated by Konngott, being 
calltKl le^u'oityrite. 

x.opBx»rB. c-'ir* — This base may be scparatoil by boiling alcohol fi*om tlis 
black-brown residue of the distillation of di- and tri-benzylamine (p. 338), anti 
crystallises from the resulting solution in colourless silky needles melting between 
260-’ juul 270°. -Dry hydrochloric acal gas passml over lophino convi'rts it into the 
diliydrochb^rido, C"Ul‘*N'*. 211(11 ; and by dissolving lojdnne in alcohol mixed with 
hvdr<H'hloric acid, the monohYdrochlori<lo, . IKM, is obtaincil in small 

ervstallino nr>dules melting at Tho alcoholic solution of this salt mi-ynl 

with platinic chloride yields a yellow precipitate of tho plutiiajchloriclc, 
2(C*'lI’“N‘^.HCl).PtCF + 511*0 (Brunner, C'A. cli. 135). 

ZilTXBOBXIV*. C^®IT'^0“. — Rochlcdor (./. 7 >r. Chtui. xeix. 433) prepares this 
substance by boiling weld with ■water mixed with ^ j)t. of Jileoln)! of 50 p. c,, straining 
thi! decoction at the boiling heat, and heating it to rmnovc tluj alcohi>l. Tho impure 
lutoolin, whicli separates in grey flocks on cooling, is dissolveil in a small quantity of 
hot alcohtd, tho solution fiilercsl inb) water, tho turbid li<piid heated b) the boiling 
p<Mnt, and the colouring matter which sejairatcs on cooling is further purified by 
Mohienhaucr’s process (iii. 736). A mixture of water and glycerin is well adapb4 
for rwrystallising it. 

laitoolin fused with pobash is resolved, with ovoluLion of Ciirboii dioxide, into 
idilorogluciii and protoeateehuic acid : 

QMjjiiQn ^ 211*0 + O- = 2C®IT«0’ -f triPO' + CO^ 

Lutceliu* IMilom- ProOx’ab^- 

glu«.‘in. cJiiife lu'ld. 

XitrxiTXXAXF* A mineral thus dosignate<l, from tho ps.rish of Luxulion, near 
l/ostwithiel in Cornwall, is, according to Pisani {Compt. rend, lix. 913), a porphyritic 
gninito in which tho mica is rephreed by dark green radiate needles of tourmalin. 

XiT’COCTOXrXSrB. A base contained, together with acolyctino (p. 64), in wolfa- 
baiic {Acofiitum Lycociomwi), iin<i separated from tho latter by its solubility in ether. 
It separates in warty groups of crystals, easily soluble in alcohol, sparingly soluble 
in ether and in water ; has an .alkaline reaction, a str^nig bitter taste, and is coloured 
rod by strong sulphuric acid (Ilubschmann, jahresb. 18(50, p. 483), 

BTBZJril. A violet dye produced by tho action of poUissium ferricyanide on 
aniline; 100 grms. of aniline are dissolved in 100 grms, of fuming hydrochlorio 
aciti dilutetl .with 120 c. c. water; this liquid is poured into a solution of 90 grms. 
p<jtassium ferricyanido in 850 c. c. water, and tho whole is heated to boiling for an 
hour and a half. It is then left to cool, and tho precipitate, after being washed^ by 
decantation, is dissolved in water nearly saturated with tartaric or oxalic acid. 
violet solution leaves on evaporation a pasty product called extract of lydinc. Tho 
txdution of the colouring matter in the organic acid may be used directly for uveing 
w(sjl, silk, or mordanted cotton. It may be precipitated from the solution b/ alkalis, 
and purified ■with aid of alct^hol or wood-spirit. S<xliura hyfK)Sulphite procipitetes it 
as a maSs of a very fine violet colour; alumina, as a red-violet lake, IjfaJlie ia 

a powder having a beautiful violet colour, soluble in alcohol, slightly soluble m ether 
and in benzol, insoluble in water and in fatty oils, but very soluble in fatty aci^. 
Tissues dyed with lydine are not altered by alkaline carlwnat^ or ammonia. Lydina 
exerts a poisonous action when taken intermilly or allowed to come into direct contact 
with the blood (Guyot, Compt. rend. Ixix. 829). 
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BCACBKOMXir. Sec the next article. 

lIKBCXiVllXlVi Morintannic Acid (iii. 1049) (lllusiwotz a. PfaundUr, 

*7. pr. Chem. xciv. 65; Jahreab. 1864, p. 558). — A niodorately concentrated solution 
of this substance boiled with sulphuric acid and zinc, becomes deep red and ultimately 
yellow, and then contiiius, together with phloroglucin, a substance which, from its 
variations of colour, is called machromin. To separate this subshipce, the yellow 
liquid decanted from the zinc is mixed with J vol. alcohol, and agiUitod with etlier 
as long as the latter becomes coloured ; the ethereal solution is evaporated ; and llic 
residue diluted with water is precipitated with lead acetate, the phloroglucin then 
remaining in solution. The yellowish precipitate, which quickly becomes green on 
exposure to the air, is decomposed with hydrogen sulphide ; the load sulphide is 
washed with boiling dilute alcohol; the resulting liquid is evaporated in a vacuum ; 
and the granular crystalline mass thereby separated is repeatedly crystallised from 
boiling dilute alcohol. 

Machromin thus obtained forms colourless crystalline spangles, appearing under tho 
microscope as tufts or stars of slender needles, very sparingly soluble in water and 
in alcohol, somewhat more easily in ether. Tho crystals exposed to air and light, or 
dried by heat, gradually acquire a dark blue colour. Tho hot-prepared aqueous 
solution also acquires a deep violet-blue colour on exposure to tlio air, and then 
yields with hydrochloric acid an amorphous indigo-blue precipitate; ferric chloride 
produces (best in a very dilute alcoholic solution) a violet-red colour, afterwards 
changing to blue ; the solution of machromin in dilute ammonia, or a caustic fixed 
alkali, likewise turns blue on exposure to the air. Silver nitrate and mercuric 
chloride produce a violet coloration, tho former with reduction of tho metal. An 
alkaline cupric solution is also reduced by heating with machromin. Tho solution uf 
machromin in strong sulphuric acid is orange-red at first, then becomes yellow, and 
after warming (or dilution) omerald-green, and after supersaturation with alkalis, 
violet. 

Hlasiwotz a. Pfaundler give, as the most probable expression of the compo.sition of 
machromin, tho formula aiT-'O, and suppose it to be formed from proto- 

catechuic acid (resulting from decomposition of the maclurin), according to tho 
equation : 

2C-n'’0‘ + II' = C"ll‘'‘0" -4 3^0. 

Machromin is not however produced by tho action of nascent hydrogen on ready- 
formed protocatechuic acid. 

When a solution of maclurin in 10 pts. water is heated with sodium-amalgam, and 
the resulting yellow liquid is 8iiturato<l with sulphuric acid, keeping it as much as 
possible excluded from the air, it yields to other, on agitation, phloroglucin and an 
amorphous substance, which has nearly the composition and may therefore 

also bo formed from protocatechuic acid by addition of hydrogen : 2C’H®0' + II* = 
C*'H**0* + 3H‘'0, This compound is soluble in water and in alcohol ; easily turns 
brown ; is precipitated by lead acetate ; forms with ferric chloride a grass-green 
liquid, turning red on addition of sodium carbonate ; reduces silver solutions and 
airline cupric solutions ; and yields by dry distillation crystals having tho com- 
position of pyrocatechin. 

Aeetyl-maclurin, C'*H®(C^II*0)0“ + is formed hy heating maclurin to 

100** in a sealed tube with acetyl chloride. It is a viscid oil, precipitated by water 
from tile alcoholic solution. 

MCAOXfBSnniK.' From experiments by Wootis {Phil. Mag. [4] xxx. 40), the 
salorific equivalent of magnesium appears to be higher than that of any other metal. 
The oxidation of grra. magnesium develops heat sufficient to raise the temperature 
of 1,000 giTOB. of water 10'67®, whereas the heat produced by oxidiition of a” 
equivalent quantity of zinc raises it by only 6-35®, and of an equivalent quantity of 
potassium or eodiam, 9*72°. The quantities of heat produced by the combination of 
equivalent quantities of zinc, potassium, and magnesium are as the numbew 6 42, 
12*78, and 14 0, or as 1 : 1*99 : 2*17. According to Ditte {Compt. rend. Ixxiii. 108}» 
the calorific equivalents of zinc and magnesium are as 1 : 1*61. 

Magnesium in the finely divided state unites at determinate temperatures With 
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sulphur, phosphorus, and arseuic, and at a red heat deconuxwBCs tho oxides of carbon, 
sulphurous oxide, most metallic oxides, aud many hydrocarbons (Parkinson, Ctutm. 
StfC. J. [2] V. 126). According to Phipson licy. Soc. xiii. 217), iotline and 

sulphur may be distilled over magnesium without altering it; silica and boric oxide 
are easily reduced by it; from s^ium cjirbonato at a rail heat it separates a large 
quantity of carbon. Ammonia and the fixo<i caustic alkalis do not net upon it at 
ordinary temperatures. It precipitates nearly all metals from their neutral solutions 
(even iron and manganese from ferrous and manganous salts) in the metallic 6t4ite ; 
aluminium and uranium, and jxjrhaps also chromium, as oxides. Roussin {J. Pkami, 
[4] iii. 413) regards magnesium as particularly well adapted for the precipitation of 
poisonous metals in toxicological investigations, and is of opitiion that it might be 
aulvautagcously used as a substitute for zinc in voltaic combinations, on account of 
its great electromotive power. On tho precipitation of nu tals by magnesium, see 
also Commaille {BtUl. Soc, Chim. [2] vi. 267 ; Jahresb. 186C, p. 171). 

Ueactiont of Magnesium Salts . — According to Pribram {Jahresb. 1366, p. 174), tho 
onlinary statement that only lialf tho magnesia i.s pr(!cipitato<l fn)m magnesium salts 
by excess of ammonia is erronoou.s, .08 p. c. being immediately proei pi tilled, 01 p. c, 
after three hours, and from 84 to 92 p. c. after lil’loen hours. 

According to R. Warington {Cktm. Soc. J. [2] iii. 27), mngnesia is dissolved by 
tlio salts of the fixed alkalis, as well as by ammonia, though in much similUr 
quantity. Hence tho precipitation of ammonia by lixed alkalis is never complete, 
unless a very large excess of tho precipitant is used. Tho clear solution ubtnineel by 
mixing a magnesium salt with ammonia and tho exact quantity of ammouiucal salt 
required to prevent precipitation, deposits magnesia on dilution with water, whereas 
addition of strong ammonia within certain limits causes no precipitation. This 
appears to bo tho cause of tho turbidity produced when the clear sliglitly ammoniiical 
wash-water of animonio-inagnesian phosphate runs into a iiltmte containing a con- 
siderable quantity of magnesia. 

Potassiu 'i sulphide and sodium sulphide added to solutions of magnesium salts, 
prccipituto magnesium hydrate and form a sulphydrato of the alkali-melal : 

MgCF + 2Na'^S + 21PO - 2NaCl + 2NalIS + MgUT)^ 

A solution of 1 pt. magnesium chloride in 6,000 }>l8. water is immediately and 
distinctly clouded by sodium sulphide, tho precipitate being soluble in excess of tho 
magnesium salt (Polouzo, jahresh. 1866, p. 174). 

Fresonius {Zeitschr. anal. Chem. vii. 310) confirms his former observation, that in 
separating calcium from magnesium by moans of ammonium oxalate, it is necessary t«) 
redissolvo tho precipitated calcium oxalate in hydr<x'hlorie acid, and reproclpi tale with 
ammonia and ammonium oxalate, inasmuch us tho first precipitate always carries 
down with it a certain quantity of magnesium salt. 

On tho separation of njognesia from the alkalis by means of ammonium phosphate 
(iii. 754), SCO further Reynoso {Coinpt. rend. Ivi. 873; Jahresh, 1863, p. f76)i 
Chancel (ibid. 1866, p. 796). 

Alloys of Magnesium . — ‘With and sodium, magnesium forms 

malleable alloys, which decompose water at ordinary temperatures : 16 pis. magnesium 
and 85 pts. tm form a hard brittle lavender- coloured alloy, which decomposes water 
like the preceding. Mercury docs not amalgamate with magnesium at ordinary 
temperatures (Phipson, Proc. Roy. Soc. xiii. 217). Alloys of magnesium and thallium 
are formed by melting tho two metals together in any proportions, and may bo drawn 
out into wire or ribbon. The alloy containing 6 p, c. thallium is stable, and more 
malleable than magnesium ; those containing larger proportions of thallium oxidise 
more readily. All these alloys burn less quickly and less brightly thfin pure 
magnesium; the fiame is smaller, and of a pure white colour even when tho alloy 
contains 60 p. c. thallium (S. Mellon, Chem. ^ews, xv. 245). 

Parkinson (Chem. Soc. J. [2] v. 126) luis proj>ared a considerable number of 
magnesium alloys, by fusing the metals together in a glass tube in a stream of 
hydrogen, or on a larger scale, and with the less fusible metals, by fusion in an 
earthen crucible under a flux composed of equal parts of fluor-spar and eryoljto, or of 
1 pt. of fluor-spar and 2 pts. sodium chloride, the magnesium, on account of lU smaU 
specific gravity, being attached to the end of an iron rod and stirred into the Itued 
metal. In this manner alloys have been obtained with srxlium, aluminium, 
sine, lead, bismuth, tin, antimony, mercury, silver, g^ild, and platinum ; also triple 
alloys of magnesium with bismuth and copper, with copper and gold, and witn 
copper and nickel. Iron, cobalt, and nickel do not appear tf) form alloys 
magneainm j fine, only by fusion in hydrogen ; aluminium, only by fusion in a cmoiDls 
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lined with magnesia. All these alloys are very brittle, somewhat harder than the 
component metals, resemble them in colour, and have a granular or cryebillino 
fracture ; they appear to be too easily alterable to be available in the arts. An 
arsenide of magnesium is formed by slowly heating 3 pts. magnesium-filings and 
about 6‘2 pts. arsenic to dull redness in a stream of hydrogen ; it has a chocolate- 
bp>wn colour, faint metallic lustre, and fine-grained fracture, is very brittle, very 
difficult to fuse, and quickly crumbles to a brown powder on exposure to the air 
(Parkinson). 

Magnesium Fluoride, — The slag obtained in heating magnesium with sodium 
silicofluoride (infra) leaves, when exliausted with boiling water, a sodio-magtiesi; 
fluoride, NaF.MgF-, crystallised in cubes resembling common salt; they are con- 
taminated with free silicon, but may be purified by treatment with a mixture of 
hydrofluoric and nitric acids. The same double fluoride is obtained by fusing 
magnesium chloride with excess of sodium fluoride and chloride (Geuther, Jalircah. 
186&, p. 173) ; also in the amorphous state by boiling a solution of sodium fluoride 
with magnol^ia : 3NaF + = 2NaIIO -f NaF . MgF- (Tissior, Compt, rend. 

Ivi. 848). 

0;rih7^.9.-:-Magnesia, prepared by igniting the nitrate, is converted by prolonged 
immersion in water into a hydrate, MglPO^, having the density and toughness of 
marble, but harder and more translucent. A hydrate having the same properties, Init 
containing also alumina, ferric oxide, magnesium carbonate, and sand, is obtained by 
the action of water on the residue left on igniting commercial magnesium chloride. 
Pure magnesia possesses the property of hardening with water only when prep:ire<l 
by igniting the nitrate or chloride at a moderate red boat ; by exposure for 12 honrs 
to a white heat, it loses this property altogether. Magnesia prepared from the basic 
carbonate yields under similar circumstances a hydrate having only the hardness ef 
talc (H. ^inte-Clairo Dovillo, Compt. rend. Ixi. 97o). According to H. Scluvarz 
(Hull. Soc. Ckim. [2] ix. 78), magnesia prepared by igniting native magnesite 
(MgCO*) at the lowest possible temperature, exhibits the hydraulic properties of tlio 
liydrate obtained as above by Devillo. The paste prepared from it with wati-r 
hardens in about twelve hours, afterwards witli.stands the action of water, and by 
prolonged immersion therein, acquires the hardness of the best Portland ccinont. 
According to Sorcl (Compt. rend. Ixv. 102), a mixture of magnesia with a concen- 
trated solution of magnesium chloride (of sp. gr. PIG to 1‘2G) Inu-dens in a short 
time to a compact mass of hydrated basic chloride, which resists the action of water. 
The pasty mixture is very plastic, and capable of binding more than twenty times its 
weight of sand or other inert powders. Cements or mortars of similar character 
may bo prepared with other chlorides, especially chloride of calcium. 

A suboxide of magnesium appears to bo formed when a solution of sodium or 
ammonium chloride is electrolysed with polos formed of magnesium wire, the 
positive pole becoming covered with a black deposit, which exhibits the characters of 
an oxide (W. Beetz, Fogg. A^tn. cxxvii. 43 ; Jahresh. 18G6, p. 172). 

Phosphide. — When melted phosphorus is made to flow upon magnesium-filings 
heated to dull redness in a stream of liydrogen, combination takes place attended with 
vivid combustion. The same compound is obtained by heating magnesium-filings with 
red phosphorus in a narrow-nockcd flask. It forms a very hard brittle mass, not 
fusible oven at a red heat; has a dark brown colour; and exhibits a serai-mctellic 
lustre on its crystalline fracture. It decompi^sos water and hydrochloric acid, with 
evolution of hydrogen phosphide ; is permanent in dry air, but is decomposed by moist 
air in the same manner as by water. Its composition is represented by the formula 
P*Mg* (Parkinson, Chem. Soc. J. [2] v. 309). F. P. Blunt (ibid. iii. 106), by passing 
phosphorus -vapour over magnesium-filings heated to dull redness in a stream of 
Ciirbon dioxide, obtained a black coherent mass, which was not attacked by dilute 
hydrodiloric acid, scarcely by dilute sulpliuric acid, and very slowly even by hot nitro- 
muriatic acid ; when intimately mixed with metallic magnesium, however, it was 
decomposed by hydrochloric acid, with copious evolution of hydrogen phosphide. 
Parkinson regards this black product as a mixture of charcoal and magnesia with only 
a small quantity of magnesium phosphide, inasmuch ns magnesium is scarcely attacke<l 
at a dull red heat by phosphorus -vapour, which, however, easily decomposes carbon 
dioxide at that temperature. 

Silicidt. Mg*Si* (?). — This compound, firstobtained by Wohler (v. 266), is prepared 
by strongly igniting sodium silicofluoride with magnesium in a crucible filled up with 
common salt, and may be purified from unaltered magnesium by boiling with solution 
of sal-ammoniac, and from adhering silica by friction on smooth paper and levigation. 
It forms lead-grey cjystals, apparently regular octohedrons, heavier than water. It 
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decomposed by hydrochloric acid, with evolution of hydrogon and siliclureitcd hydrogen, 
Bud formation of white silictin oxide (v. 27-4), which n^Uiins the form of the crystals; 
also by sal -ammoniac solution, though very slowly at ordinary tompemtures, with 
evolution of the same gases and formation of silica. Hoate<l to low redness in a 
stream of nitrogen, it is converted into jv black mixture of magnesium nitride ami 
bilicon (Geuther, J'. Chun. xcv. -421 ; Jnhn.^h. 18(>5, p. 187). , 

MiLlLSXC iLCZX>. C'H'O*. — Acconliugto V. von Uichter (ZciY.'«c4r. y*. Chem. [2] V. 
453 ), the best w'ay of preparing this aicid is to distil dcliipiescetl malic acid quickly ilia 
very small retort, only a very small residue of fumaric acid being then obtained. 

According to J. Losidimidt (11 ten. A/cntf. Her. li. [2] 385), maleic acid crystallises in 
rhombic prisms ooL*. P qc , luiving the aiigb* ooT : ool* . 87^ 4' and 112^50'; Pco : 

i'co at the principal axis -- 125 *32'; ool* ; Poo 112^ 12', and conseipiontly the 
axes a (maer.) ; b :r (principal) in the ratio l oOSt) : 1 : O ol 107 nr 1 : 0 00273 : 0’34100. 
'i'hc crystivls cleave perfeotly parallel to Poo ; they become turbid and like pircelain 
by keeping. 

tin the isomeric relations between fumaric and maleic acids, see Acids, Ouganic 

(r- •*«)• 

Maleic acid is decomposed by the electric current in the samt' way as fumaric acid, 
yielding acetylene, succinic acid, and a small <}uintity tif fumaric acid, 8odlum 
I rcjmomaleate yieMs by ehictrolysis, at the 4 K>sitivo pole, ehielly carbon monoxide, with 
a small quantity of carbon dioxide : 

C'llBrNa’O' + H-O - llBr + 4CO -t- Na^O + IP 
(K(‘ku]e, Atm. Ch. Pharm. exxx. 1). 

Zinc dissolves in cold aqueous maleic acid without evolution of bydmgon. The 
resulting solution deposits large well-defined triclinic cryshils of acid zinc maloate, 
and the liquid filtered therefrom contjiins succinic acid : 

SCMPO* -t- Zn = (C*U"0')'Zu -f C<li«Ob 

r>y prolonged action of zinc, the acid m.aloato is converted into succinate. Acid zinc 
iiiab\Ato is also produced by boiling maleic aci<l with zinc carlH>nato, and ailding to tho 
filtered solution an equal (piantity of maleic aci<l (v. Kichter, /oc. cU.). 

Bromomalelc A.ctd8 (Carius,.^7m. Ch. Pharm. cxlix. 265 ). — Monobronumiah ic ucuC 
('‘Jl^JirO‘, and isomonobramo maleic acid (iii. 786) arc produced, together witli a small 
quantity of i 80 <iibromosuccinic acid, by lu;ating ydienaconic acid, dissolved in at least 
20 times its weight of water, witli bromine in a sealed tube: 

2G“IPO« + Pr" = 3Jinr + 3GMl“Pr(P 
I’lU'niuronlo Broiiionialulo 

aeUl. uciti. 

On agitiiting the product with ether, the bromomaleic acids dissolve, and on distil* 
ling off the ether, and leaving the viscid residue to ( vnporuto over oil of vitriol, 
isobromoinaleic acid separates in ciyshillino crusts, whieli may ho purifiwl by ro* 
trvstallisation. It dissolves easily in water, alcohol, and ether, and crystallisoa 
from water in acuininaUd (but not iicedlo-sbaped) monoclinic prisms. It molts at 
165^, and distils at a higher temperature, biung resolved at the samo time into 
water and an anhydride, which is oily at first, hut uflorwards solidifloa in tho 
crystalline form. The barium salt, C’lIBrPaO* 4- 41PO, crystallises in prisms, 
|K:»into<i but not needle-shaped ; tho silver salt in short rhombic prisms easily 
s^duble in warm water. Tho acid agrees very nearly in its properties with the 
is<d>romomalcic acid which Kekul6 obtained by decomposition of isodibroroosuccinic 
acid; its melting ]x>int is however 6^^ higher, Kekuli’s acid melting at' 160®, and 
its silver salt is but slowly decomposed by boiling even in ammoniacal solution, 
whereas that of Kekulo's acid is described as decomposing easily when boiled with 
water.* 

The thick mother-liquor of tho isobromomalcic acid yields an isomeric acid agreeing 
nearly in most of its properties with Kekul^’s monobromonuileic acid. When purified 
by conversion into a barium salt, and separation therefrom, it crystaijises in long 
prisms and needles, more soluble in water than isobromomaleic acid, melts at about 
120® fKekuU’s acid at 1 25®-126®), and decomposes at alwut 160® into water and 
an anhydride, which sublimes in beautiful needles melting at 108°~110®.^ The 
anhydride of Kekul^’s monobromomaloic acid (obtained by decomposition of 

• As the two modlfieHtions of Ijramomalclc acid obtained from phenaoontc acid (a derivative of 
Usoicne) do not quite agree with thooc described by Kckul^, Cartu* propoww to distinguish thorn M 
•Mfuoiie bromomaleic acid*» 
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dibromosuccinic acid) is liquid and boils at 212^. The barium and silver salts of 
broTiiomaleic acid crystallise in needles ; the latter dissolves easily in water without 
decomposition, and is but slowly decomposed by boiling in ammoniacal solution. 

The two bromoraaleic acids above described are also formed, together with dibromo- 
succinic and isodibromosuccinic acids and bromoform, when phenaconic acid is heated 
with bromine and a quantity of water smaller than that which was used in the 
experiments above described. (See Phenaconic Acid.) 

Cbloromaleio acid, C^H’CIO*, apparently identical with that described by 
Perkin a. Duppa (iii. 788), is obtfiinod by the aiction of baryta-water on an amorj)hous 
chlorinated acid formed, together with trichlorophenomalic acid, by the action of 
chlorous acid on benzene. (See Phenomauc Acid.) It is separated from the resulting 
solution — after removal of baryta and hydrochloric acid — by half neutralising with 
potash, leaving the acid potassium salt to crystalli.sc, and decomposing this salt with 
an acid ; and is finally purified by recrystallisation. The chloromaloic acid tlms 
obtained crystallises in groups of small white needles, easily soluble in water, alcohol, 
and ether, and melting at 171°-172°. By prolonged fusion, especially at 180^, it is 
resolved into water and an oily anhydride which is reconverted into the acid by con- 
tjict with water. Chloromaleic acid is reduced by hydriodic acid to ordinary suc- 
cinic acid. It is bibasic ; the neutral chloromalcates of alkali-metal are easily soluLlo 
in water. The acid potassium salt, C^IPCIKO^ -f II^O, forms hard crystals ; tlie 
barium salt, C‘*HClBaO* + 5H-0, chalky crusts composotl of small laminae. The 
soluble salts form with ferric chloride a white flocculcnt precipitate, with lead acetate 
a white amorphous precipitate == C^HClPbO*, and with silver nitrate a while 
microscopically crystalline precipitate = C^IIClAg-0‘ (Carius, Deut. Chem. Gcs. Ikr. 
1870, 334). 

XMtiklLZC il.GZl>. C^IPO', — This acid exists, according to Gintl {Zeifschr.f. Chem. 
[2] v. 377), in the leaves of the common ash. Itcinsch {ibid. [2] 221) recommends the 
preparation of it from the fruits of the common sumach {lihus coriaria). The expressed 
cold aqueous infusion of these leaves, precipitated with lead acetate and then l)oil«l, 
yields a large quantity of lead malate. Crystallised calcium malate may also bo 
obtained by boiling the juice with chalk, and evaporating the still acid solution. 

Malic acid treated with sodiuyn in alcoholic solution is converted into an acid 
resembling hydrocitric acid (p. 473), tb© calcium salt of w'hich has the composition 
C^H‘CaO» -f (Kurnmerer, JaJiresb. 1866, p. 403). 

Neutral potassium malate subjected U> electrolysis is decomposed as follows: a. Fun- 
damontjil reaction: -t- 6 + K^. — b. Part of the anhydrifle 

is reconverted into malic acid ; another portion is oxidised, yielding aldehyde 
and carbon dioxide: C'll'O’* + O — C*H‘'0 -i- 200'-*. — c. Acetic acid is formed as a 
secondary product. A mixture of 4 mol. of the neutral malate with 1 mol. potassium 
hydrate yields the same products. Free malic acid is for tlio most part converted into 
aldehyde and carbon dioxide (Buigoin, Bull. Soc. Chim. [2] ix. 429). 

Dry malic acid heated in the water-bath for three or four days with an equal volume 
of cold-saturated aqueous hydrobromic acid is converted into monobromosuccinic 
acid: 

C<n«0» + HBr = IPO + C<n»BrO‘. 

With a larger quantity of fuming hydrobromic'acid, the malic acid is converted at 100® 
into fumaric acid, C'‘II‘0‘, and at 110^-120® carlx>n dioxide and carbon monoxide are 
formed by more complete decomposition (Kekule, Ann. Ch. Pharm, exxx. 11). 

Detection and Separation of Malic Acid . — 1. Malic acid in the free state 
may be recognised by evaporating its aqueous solution in a test-tube, and then 
heating the tub© in a sand-bath to 160^-170° till the crystalline sublimate no longer 
increases ; the maleic or fumaric acid thus produced may bo recognised by its usual 
characters.— 2. Calcium malate precipitated by alcohol from a solution of malic acid 
mixed with calcium chloride, shrinks together when the liquid is warmed, and forms 
on cooling a mass easily pulverised by pressure. As the solution with the precipitate 
bumps very violently when heated, it is best to pour off the alcohol, dissolve the 
precipitate in water, boil the solution, and mix it with pur© alcohol. — S. The well- 
known lead reaction (iii. 791) is for the most part best exhibited by liberating the 
malic acid from its salts, and then precipitating it with lead acetate. It is only when 
lead malate is present in a liquid unmixed with other salts that it exhibits the 
characteristic reaction when heated. — 4. When a solution containing free malic acid is 
uoutralised with magnesia, and the filtered solution is mixed with alcohol, a precipitate 
of magnesium malate is obtained, which behaves like the calcium salt when heated 
(Barfoed, Zeitschr. anal. Chem. [2] v. 402). 

Separdiion from other acids. — Malic acid may be detected, in presence of t^eidie 
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jind iariaric acids, as follows : The two latter are precipitated by calcium cblorido, 
the liquid is filter^ (after some time if tartaric acid is present); the filtriite 
precipitated with alcohol ; the aqueous solution of the precipitate mixed with lead 
ivcetate ; the lead malate decomposed by hydrogen sulphide ; and the liberated malic 
acid again precipitated by lead acetate^ or otherwise tested as al>ove. To separate 
malic ivcid from citric acid, advautaigc may be Uiken of the groiitor facility with 
which calcium citrate is precipitated hy alcohol. After the greater part of the citric 
acid has boon precipitat^ by Cidcium chloride at the Imiling heat, the filtndo is 
mixe<l with a small quantity of alcohol to throw down the rt‘st of the citric auiid ; and 
the liquid filtered therefrom is treateil with a large quantity of aUH>hol b) precipitate 
the malate of calcium. When tarbirio, oxalic, and citric acid are present in solution 
together with malic acid, it is best, to convert all the three acids intx> ammonium salts, 
and mix the H<dution w'ith 8 or 9 times its volume of alcohol, which dissolves only 
the malate. From tannic acid, malic aciil may l>e sepamttxi by precipitating the 
former with animal meinl>r.iiio ; or the tannic acid may be precipitated from the 
slightly ammoniacal solution by calcium chloride. Tlie tiltmte, which still conbiins 
a little tannic acid, may bo precipitatetl with alcohol, and the calcium malate 
dii^solvod out of the precipitate by water ; or the filtrate may be acidulated with 
liydr<K*hloric acid, the tannic aciil decompose*! by chlorinc-water, and the calcium 
malate precipitated by alcohol, after a<ldition of ammonia. Gallic acid is sopanit-cd 
fr<im malic acid by calcium chloride in ammoniacal stduiion, the liquitf being 
agitated with air frequently renewed. The filtrate from the black precipitate is 
acidulated with hydr*x*hloric acid, mixotl with chlorine-water, ami the malic acid 
tlien precipitato<l as above. When succinic and malic acids are present together in 
the free state, the in.alic acid may Ih> <lirectly precipitatotl with load acetate. But if 
l>oth acids are present ns metallic salts, leml acetate precipitates ttiem both. If, 
however, the precipitate be dissolved in jimrnonium acelvite, and the solutioti niixinl 
with twice its volume of alcoliol, only the malate of lead is precipitated. This 
]>rccipitate must bo wasliod with n. mixtvu'o of 2 pts. alcolml and 1 pt. water, docorn- 
piise*! by hydrogen snlpldde, and tlie free malic acid tcHted as above. Or the sohition 
of the alkali-metal salts maybe strongly concentr;vte<l ; the malate precipitatixl • by 
alcohol ; the precipitate dissolved in water; and the malic, acid precipitated as loiwi- 
salt. Benzoic, acetic^ ,aml formic adds nunain in solution when malic acid < is 
]inH’i}>itated by calcium cliloride and alcohol ; the quantity of alcohol mldwl must 
not however exceed 1 to 2 volumes, as otherwise the formic acid will also l>o 
])recipitaU‘<l. From sulphuric and phosphoric adds, malic ?ici<l may ]>o separatwi by 
ju’ccipitating the two former acids with barium chloride, and the malic acid from the 
filtrate with calcium chloride and alcohol (Barfoo<l, loc. cit.). 

For the quantitative e.stimation of malic (and tailaric) acid, Ju(‘tto {Ztiischr. f, 
Ghent. [2] iv. 373) makes use of the pow'cr possessed by those acids to hold ferric 
oxide, alumina, and manganous oxide in solution in presence of alkalis. For a 
de.'jcription of the mcthtwl, see Tautahic Acid. 

(•^TPO ) 

iLcetyl«malio Acid. CTP(l^drO)0^ = O*. — Produce<l by treating 

ir^ 

diethyl -malate, C‘1I‘0*. (C'H'^)^, with 2 mol. acetyl chloride, nnd after the first violent 
re;iction is ov<‘r, heating the mixture to 100^ for un hour. The pmduct treated with 
water yioMs d i ethyl -acety 1 malate, " C®}1**0*. (tFIF)*, as an oily 

liquitl, which may bo ymrified by repoat.od solution in alcohol, precipitation with 
water, and final rectification. This ether is a heavy colourless oil, having a faint 
ethereal odour and bitter ta.ste, insoluble in cold water, but misctiblo in all prupfjrtions 
with alcohol and other. B<jils at 258"^ (c^>rr, 265-7'^). When boiled with potash it 
yields acetic and malic acids (Wislicenus, Ch. Vharm. cxxix. 175 ; Jkhresh. 1854, 
p. 387). 

Sulpbomalic acid, is formed ns a tripotassic salt, by heating 1 mol. 

neutml pcitassium monobromosuccinftte to 110'' with a coiiccntratc<l solution of 2 mol. 
IX)ta8sium sulphide : 

CTI’BrK‘0* + K*S « KBr + C’n»K*0*S. 

The prr>duct of the reaction is acidulatwl with acetic acid ; nautrolised exartly witti 
ammonia, after driving off the hyd^on sulphide; then prccipitaUxl with 
acetate ; the precipitate decomposed with hy<lrogen sulphide ; the filtrate repeat^ly 
evaporated to expel hydrobromic acid; nnd the solution decolorised with animal 
charcoal. The colourless liquid evapferated at a temperature not exceeding 40^ and 
finally under the air-pump, leaves sulphomalic acid as an indistinctly crystalline. 
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deliqucBtent, strongly acid substance, which becomes brown at 100°, and gives off 
stinking vapoiirs at higher tomporaturos. Xh’e solution of the acid is not precipitated 
by barium acetate, and only imperfectly by load acetate. The barium salt, C^H*BaO<S 
is obtained, by supersaturating the acid with baryta-water, as a fiocculent precipitate 
somewhat soluble in water. The lead salt is soluble in acetic acid. The ^vet salt 
C-'H^Ag^O^S, is a white precipitate which easily turns black. When a solution of 
sulphomalic acid in 20 pts. water is carefully evaporated with excess of nitric acid, 
sulphosuccinic acid, is formed, together with small quantities of oxalic and 

sulphuric acids (Carius, Ann. Ch. Fharm. cxxix, 6). 

ucoy 

MMOBZimxc iLCZZ>. = NN (C^IPO®)".— An acid analogous in 

( H* 

constitution and mode of formation to biuret, ^^(COy^HS produced as an ammonium 
salt by heating barbituric acid to 150°-170° with urea : 


C^Il^N^O* + CH^N^O = C"H<(NII<)N30< 

Barbituric acid. Urea. Amnioniuin malo- 

biurate. 

The acid is prepared by dissolving the crude ammonium salt in potash and super- 
saturating the solution with hydrochloric acid, and purified by repeating this treatment 
several times. It is distinguished from dibarbituric acid (the product of the action 
of heat on barbituric acid) by its granular character, by its greater solubility in 
water, and by dissolving completely when treated with bromine and water, instead of 
yielding a yellow bromide (v. 962). Nitric acid converts it into dilituric acid. Ita 
salts are amorphous or finely crystalline precipitates (Baoycr, Ayin. Ch. lliarm. 
cxxxv. 312). 

COOH 

nSA.XiOlVZC BCZB. = oil- , — The formation of this acid from 

coon 

cyanacetic acid (ot cyanacctic other, iii. 799) is represented by the equation : 

CN COOH 

I I 

CH* -t- 2IHO = NH* -f CH* 

iooH i:ooH. 

It is also produced : a. By oxidation of paralac tic acid, CH*OH — CH* — COOH (p. 771). 
— By oxidation of allylene, C*H*, with an alkaline solution of permanganic acid 
(Berthelot, Jahresh. 1867, p. 335).— 7. By boiling barbituric acid with potash (Bacyer, 
v. 962 ; see also Heintzel, Ann. Ch. Pharm. cxxxix. 129 ; Jahresb. 1866, p. 397) : 

C*H"N*0* + 3IPO = CO* + 2NH» + C*H<OC 


Fihkelstein (^Ann. Ch. Pharm. cxxxiii. 338) prepares malonic acid by boiling crude 
cyanacetic acid with excess of strong potash-ley ; neutralising the diluted solution 
with acetic acid; precipitating with le^ul acetate; decomposing the load malonato 
with dilute sulphuric acid ; evaporating the filtrate ; and recrystallising the crystalline 
residue from a larger quantity of ether, in order to free it from an adhering syrupy 
substance. The ethereal solution when left to evaporate yields malonic acid in 
slightly coloured laminje, or in largo prisms having a laminated structure. When 
recrystellised from water, it is obtained, according to Knop’s mestsurements, in 
triclinic combinations of 00 . 00^'P , w P'oo . P, with two faces bevelling the acute 
prismatic edges. Cleavage distinct panvllel to P. Angles ooP : ooP = 113° and 
67°; oP : ooF. * 110° ; oP : oo/P = 86° 30'; oP : P = 115° 30'.» Malonic acid 
therefore not isomorphous with succinic acid (which crystallises in the rhombic 
system). It forms acid and neutral salts, all of which, except those of the alkali- 
metals, are but sparingly soluble ; in free malonic acid, acetic acid, or nitric acid 
dissolve more readily. The following have been examined : 

Potassium salt (acid) C*H*KO* + |H*0, colourless prisms. 

C*U*NaO* -f jH*0, well-defined crystals. 

C*H*BaO*, white precipitate. 

C*H*BaO* -I- H*0, white needles. 

C*H*CaO* -p 1JH*0, tufts of needles. 


Sodium salt 
Barium salt 
Calcium salt 


{a 


On account of imperfect reflection, tbeso angular measurements are only approximate. 
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Magnesium salt ■< b 

U 

Manganous Siilt 
CobiUt salt 
Nickel salt 
Zinc salt . 
Cadmium salt . 

Cupric salt I 

licail salt 
SilviT salt 
I'^tliylic otlicr 


. C^Il-Mga* + 2H*0) 

. 4 - Ul'-'O L crystalline powder. 

. Cdl^MgO* + U‘0 j 
. C^lI'MuO* + pale rod prisms. 

. C*I1~C<)0* + 211*0, brown-red powder. 

. C®H*-*NiO* -i- 2HH), bluo-groen jHmder, 

. C*Jl-ZnO^ + pI O, small crystals. 

. C«IPCdO\ amorphous, tluliqucsccnt. 

. C^lPCuO* + blue crystals. 

. C^ll'-CuO*. CuO, bluo-prroeu precipitate. 

. C®l{*PbO*, erystalllno jhiwiUt. 

. C*n*Air-0», crystalline }>o\viler. 

. ("*ll ’((>’lCy-0\ oil boiling at VJb^. 


I’he neutral potassium salt and the acid ammonium salt are deli<jucscent., partially 
cryslalliuo masses. The barium salt b crystallises from the solution of the salt a in 
a largo quantity of liot water, and docs not give oif its water of crystallisation at 
The calcium salt gives olf 4 mol. water ut 100'^. The magnesium salt a gives 
()tV ^ mol. water at 110'^ ; the salt7>, which separates fnmi more dilute solutions, gives 
oil all its water at that tomporatiiro. The manganese and cobalt salts become 
anhydrous at ; the nickel salt at 170^; the copper salt a gives oft* 2j mol. 
water at 100® (Filkoustein). 

m atonic aci (/, C^l 1^0*, is formed in small quantity, together with oxalic, acetic, 
and formic acids, and Keiciiardt’s gum (ii. Oof)), by oxhlising glucose with cupric 
oxide in alkaline solution. It crysUillist'S in very doliquescont prisms, and forms 
barium and calcium salts having the composition C*ir*’M"0* (Claus, Ziitschr, /. Chem. 
[21 V. lo2). 


MAZiTZlor, A nitrogenous ferment existing, according to Dubrunfaut, in malt 
{Coiiqyt. rend. Ixvi. 271 ; Zcitsckr. f. Chem. [2] iv. 351), and much more active than 
diasUise. It is jiroeijiitated from extract of malt by addition of 2 mol. alcohol of 
UO p. c. ; and if the addition of alcohol to the solution be continued as long as any 
]>recipitato i.s thcreliy protlueed, a substance is obtained, not flocculerit like maltin, 
Init syrupy, perfectly soluble in water, and liaving much loss fermentative piwor than 
niidtin, and containing only a small proportion of nitrogen. As contiiiuou treatment 
witli alcohol is recommended by Page and Persoz for the purification of dia.staHe, 
Jtiibrunfaiit is of opinion Unit this substance is merely a product of tim <lecompo8ition of 
maltin, and that the latter is the really active princiy>lc of mrdt. lie furtner itates 
that maltin is present in all cereal grains, and in the water of rivers and br<x)ka ; the 
well-water of Paris does not however contain it. 


MAMCAWSTEt A triple sulphate, K‘SO*. 2MgSO^. 3CaS0^ + 31P0, occurring 
as a deposit on the carnal lite of Maman in Persia (Obbol, Jahn^b. 1805, p. 900). 

MAXTBEXiAMIBB. See tho next article. 

MAITEBEZC ACZB. C^iPO*. Formofmizmc acid (iii. 799), — This acid has 

C»U\C110U 

the constitution of phonyl-glycolUc acid, C*II*. C^IPO* or j . When dis- 

COOH 

solved in fuming hydrobromic acid, and left in scaled tubes for some weeks at 
ordinary temperatures, or for a few hours at I20'’-130'^, it is converted into phenyl- 
bromacotic or o-bromotoluic acid : 

C»H* . CHOH c*n» . enur 

I + HBr ^ H*0 + I 
COOH coon 


The last acid, heated in concentrated alcoholic solution with alcoholic potash, gives up 
bromine, and is converted into phonyl-othyl-glycollic or ethyl-mandoltc 
acid : 


C*H‘.CUBr 


C«H*.CHOC*n* 


CO’H 

Phemyl-bromaoetic 


+ KOC^H* - KBr + 


CO»H 

Ethyl -msndeUo 
■chh 


On neutralising the product with hydrochloric acid, filtering fr^ potassi^ 
and evaporating, ethyl-mandclic acid is obtained as a yellow oil, which when purified 
Sup. 3 F 



802 MANdANESB. 

by conversion into a barium salt, separation by sulphnri<r acid, and evaporation, forms 
a viscid mass resembling bird-lime. Its salts are likewise amorphous (Glaser a. 
Kadziszewski, Zeitschr.f. Chem. [2] iv. 140). 

When the compound of benzoic aldehyde and hydrogen cyanide, (C^H*0)* . CNH 
(produced by treating bitter almond oil with hydrocyanic and hydrochloric acids, 
p. 329), is heated to 180° with water or alcohol, it is completely resolved into benzoic 
aldehyde and mandelamide, . NH* : 

C»H».CHOH 

(C«H\CHO)*.CNH + = C’H«0 + I 

CONH* 

Hydrocyanido of Benzoic Benzoic Mandelamide. 

aldehyde. aldehyde, 

Mandelamide crystjillisos in rhombic or hexagonal tables, soluble in water and in 
boiling alcohol, slightly soluble in ether, melting at 131*^, and not wholly volatile 
without decomposition. Heated with baryta- water to 180°, it is converted into 
barium mandelate, (C*H^O®)*Ba, which crysbilliscs in small rhombic hibles soluble in 
617 pts. of boiling water, and in 12-3 pts. water at 23° (Zinin, Zeitschr. f. Cfiem. [2] 
iv, 709). 

nCAlfOAM’SSS. This metal is precipitated by sodium-amalgam from acidulated 
solutions as an amalgam, which when distilled in a stream of hydrogoa leaves the 
metal in form of a pulverulent sponge {hull. Soc. Chbn. [2] vi. 93). 

Detection and Estimation. — For the detection of manganese in solid bcxlies, 
C, D. Braun {Zeitschr. anal. Chem. vi. 73) heats the subshince in the oxidising flame 
for two or three minutes in a bead of sodium pyrophosphate, and moistens the bead, 
after cooling, with nitric acid, whereupon the presence of manganese is indiavtcd by 
the reddish-violet colour of manganic pyiv^phosphato, either immediately, or after 
renewed heating in the oxidising flamo. The hjrmation of manganic pyrophosphate 
may also bo made available for the detection of manganese in solution. A moderately 
concentrated solution of sodium pyrophosphate is mixetl with the liquid to bo tested 
for manganese, till the resulting precipitate no longer dissolves, after which a small 
quantity of lead dioxide is added, and the liquid is boiled and filtered. If manganeso 
is present, the brown filtrate will assume a violot-red to violet-brown colour when 
mixed with a little hydrochloric acid and gently heated. To detect manganese in 
vegetable substances, they are gradually swlded to a melting mixture of 5 pts. nitre 
and 1 pt. sodium pyrophosphate. The bluo-groen mass repeatedly evaporated with 
nitric acid, and finally heated to fusion, assumes a lilac colour (Braun). 

According to W. Gibbs {SUl, Am. J. [2] xliv. 216), manganese may bo cstimate<l, 
like magnesium, as ammonio-^nanganous phosphate. The manganous solution is 
mixed with a considerable excess of sotlium phosphate ; the white gelatinous 
precipitate is dissolved in hydrochloric acid ; the liquid then heated to boiling, and 
ammonia added in excess. The aramonio-manganous phosphate, which separates in 
pale rose-coloured nacreous scales, is collected on a filter after a quarter of an hour, 
washed with hot water, and ignited. If it acquires a darker rod colour dtiring 
washing, it must be redissolved in hydrochloric acid, and precipittited at the boiling 
heat by ammonia, with addition of so<lium phosphate. 

On the precipitation and estimation of 'manganese by ammonium sulphide^ see 
Classen {Z^tschr. anal. Chem. 1869, p. 416 ; Zeitschr. f. Chem. [2] vi. 286). 

For the estimation of manganese in iron and iron ores, the following method is 
given by Eggertz {Zeitschr. f. Chem. [2] iv. 606 ; Jahresb. 1 868, p. 872). The iron 
Saving been dissolved in hydrochloric acid, with addition of a little nitric acid, 

solution is evaporated to dryness to separate silica ; the dry mass is boiled with 

chlorine-water till no more red powder is visible ; the solution is diluted with water 
and filtered ; and the separated silica, if still red, is treated with strong hydrochloric 
acid. The acid solution is then nearly neutralised with sodium carbonate, and 
boiled with sodium acetate to precipitate ferric oxide and alumina, the precipitate 
being redissolved and again thrown down with sodium acetate, to separate 
manganese that may have been precipitated with it in the first instance. Toe 

manganese solution is then concentrate and mixed with bromine, till it becooW#^ 

yellow, whereby the whole of the manganese is precipitated as hydrated dioxid^ 
The liquid is heated on the water-bath to expel dissolved bromine, then filtered, ano 
the precipitate is washed with weak hydrochloric acid (Ip. c.), to remove alkali more 
qui(jdy. The precipitate dried at 100° consists of 3MnO*.H*0, containing 69*18 P- ^ 
manganese ; by heating it is converted into MnO .MnO*, containing 69*62 manganese. 

Iron ores are pulverised and fused with an alkaline carbonate, and ftised mass 
Is treated as above. 
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may be sepaomted from the alkaline earth^metals by mixing tho warm 
hydrochloric acid solution with caustic soda or sodium carbonate till a permanent 
precipitate is formed, dissolving this precipitate in the smaUest possible quantity of 
hydr^iloric acid, adding a quantity of crystallised sodium acetate nearly equivalent 
to tlie hydrochloric acid, and precipitating tho mangjineso at tho boiling heat as dioxide 
by moans of sodium hypochlorite, wldcd in such quantity as to leave the liquid slightly 
acid (K Keichardt, Zeitschr. anal, Chem. v, 60). llubo {ibid, iv. 24 boils tlio nearly 
neutralised solution for two hours with excess of recently precipitatwl mercuric oxide. 
The whole of tho manganese is then thrown down as dioxide, together witli ferric oxide 
and alumina, while calcium and magnesium remain in solution. 

On tho sepanition of manganese from cobalt, nickel, and .'■na', see Gibbs {Sill. Am. J, 
[2] xxxix. 68; Jahresh. 1866, p. 712). Manganese salts are easily |nu*ifiod from 
ojhalt — w'hich occurs in many varieties of tho nativo dioxide — by passing hydrogen 
sulphide through tho solution of tho chloride or sulphate, tho liquid being kept neutral 
V)y suspending manganese carbonafo in it. The cobalt is then wholly precipitated m 
suljihido (Muck, 2^i(schr. f, Chem. [2] v. 626). 

The precipitation of manganese by am?no/tiu7n mlphulc is often provonted by the 
presence of organic ammonium salts. When a solution of manganous chloride is mixed 
with a largo quantity of oxalic acid, then with excess of ammonia and a little 
aniinonium sulphide, no manganese sulphide is precipitated, but needles of manganous 
oxalate separate after a while. A solution of inatigauouH chloride, to which chloride, 
oxalaU^, and sulphide of ammonium are addwl in succession, yiobls after a short time 
a mixed precipitiito of manganotis sulphide and oxalate. When a solution of man- 
ganous oxalate in dilute hydrochloric acid is treated siiccoHsively with oxalic acid, 
ammonia, and ammonium sulphide, no precipitate is formed, but crystals (j>robably of 
a double salt) separate after some time. Wlnm tartaric or citric acid is dissolved by 
warming in a solution of tnatiganous chloride, and ammonia an<l ammonium sulphido 
are then added, no jirecipitato is formed even after 24 hours. Tho other moUilsof the 
same gnmn, cobalt, nickel, zinc, &c., are precipitated under similar circumstancoi 
l>y ammonium sulphide, either immediately or after some time (Ilow, Chen^, News, 
xix. 137). 

Volumetric Edimation. — 1. When a manganous solution mixed with ferric chloride 
is treated with excess of a strongly alkaline solution of potaHaimn ferrityanidc, 
manganous dioxide (niixe<l with ferric oxide) is precipitated, wliile potassium ferro- 
cyanide remains in solution ; 

KWCy’2 + 2K110 + MnO « MnO*-* + 11-0 + 2K<FoCy‘. 

T(j apply this reaction to tho volumetric estimation of inanganr.so, tho acid manganoua 
solution is mixed with ferric chloride (1 mol. MnO W 1 mol. FirO"), and tlio mixture 
is added to a solution of the ferricyanide imulo strongly alkaline with caustic »oda. 
I hc solution when quite cold is filtered ; the browui-bluck precipiUite is washed ; tho 
filtrate is concentrated to a definite volume, and acidulated ; and the quantity of 
ferrocyanido in it is dotorniincd liy titration with potassium permanganate (Ijonssen, 
J. pr. Chem. Ixxx. 408). Accortliiig to Fresonius {Zcitschr. anal. Chem. iii. 209), 
this method is especially useful when a considerable number of dctorminatiowi 
liavo to be made, and the quantity of manganese present is not very small. 

2. When a solution of a manganous salt (containing all other metals in their highest 
forms of oxidation) is mixed witli potassium permanganate, tho latter is decolorised, 
and a violet-brown precipitat<^ of hydrated dioxide, MnO^.Il'^0, is formed, insoluble in 
dilute inorganic acids. The reaction is ; 

3MnCF + 2H=0 + K“Mri-0* - 2KC1 4HC1 + 6MnO^ 

I mol. of permanganate ii.-ied corresponding to 6 at. manganese in the wdution. A 
gnim or two of the manganese-compound under examination is dissolved in boiling 
nitromuriatic acid ; the wdution nearly neutralised with an alkali is made up to a 
-ji4itre with boiling water, and a titrated solution of permanganate is poured into it (t^ 
temperature of the liquid being kept up to 80°) till the supernatant liquid retains its 
colour even after stirring. The permanganate solution is titrated with purcj manganous 
sulphate, so that 30 c. c. of it shall correspond to about 1 grm. of metallic manganese 
(A. Guyard, Bull. Soc. Chim. [2]vi. 89). * 

The separation of manganese from the metals of the alkalis and alkaline esjfths, 
and from nickel, cobalt, and uranium, mav also be cflFected by means of potSMinm per- 
manganate in the manner above described, tho slight excess of the latter being deeom- 
Po«ed by ammonia. If a non-titrated solution of permanganate is used, the predpitato 
must be ignited, and three-fifths of its weight reckoned as manganese (Chiyard). 

3v2 
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‘ According to Habich i^Zeitschr. anal. Chem. iii. 474), Guyaid’s volumetric acid gives 
exact results when applied to neutml solutions, but not when free sulphuric or hydro- 
chloric acid is present. The presence of ferric or chromic oxide likewise interferes 
with the correctness of the result. 

For Mittenzwey's method of estimating man^nese and other substances by oxidation 
in presence of an alkali, see Analysis, Volumkt«ic (p. 155). 

On the valuation of commercial manganese, boo Teschemachor and Denham Smitli 
{Z^ischr. anal. Chem. 1869, 314, 609 ; ^ii&chr. f. Chon. [2] vi. 287). 


Com’pounda of Manganese, 

CblorideSa According to Nickl^s (Anfi. Ch. Phgs. [4] v. 161 ; Jahresh, I860, 
p. 226), a chloride, MnCl', analogous to the dioxide, is produced bypassing hydrochloric 
acid gas into a well-cooled mixture of the dioxide with ether. A solution is then 
obtained of a fine green colour, Ycr3' unstable, and easily decomposed by reducinf^ 
agents. It appears to contain ether, water, and the tetrachloride in variable propor- 
tions ; in one instance its analysis gave results agreeing with the formula 
MnCl*. 12(C'''H*)20 . Green unstable solutions are likewise obtained with 
manganese dioxide, other, and h^'drobroniic or hydriodic acid ; also when the sestjui- 
oxido of manganese is used instead of the dioxide. 

Fluorides. The ietrnjliioride, MnF^, is produced by treating the ethereal solution 
of the tetrachloride with aqueous hydrofluoric acid, the colour changing from green 
brown ; also by treating rhe dioxide with aqueous hydrofluoric acid. It does not 
appear to have been obtained pure. It dissolves in alcohol, and, in absence of water, 
also in otlier. The aqueous solution acts as an oxidising agent, and in the dilute state 
decomposes easily, especially in presence of alkalis or alkaline chlorides, depositing? 
the hydrated dioxide. With potassium fluoride it yields a rose-coloured precipitate 
which when dried at 100” has the composition ^KF.MnF' ; witli ammonium fluoride 
a similar but more solulde precipitate ; the still more soluble sodium double salt is 
precipitated only on addition of alcohol. These double fluorides dissolve with viob t 
colour in concentrated aqueous phosphoric acid. In dilute atiueous solution they 
decompose as easily as the free tetrafluoridc of manganrso, but become more permanent 
in presence of an excess of alkaline fluoride. The}- arc fusible, acquiring a transient 
blue colour while molted, and are decomposed 1 >3' prolongc<l fusion, with formation ofti 
basic double -fluoride, e.g. 8KF.Mnl'^. A similar basic salt is formed by fusing man- 
ganese dioxide with potassium fluoride. A few double fluorides of manganese utkI 
other heavy metals have been obtained by double decomposition, and similar but very 
unstable compounds containing organic bases l>y saturating the aqueous solution of 
mangfinese totrafluorido with the corresponding bases. When manganese tetrachloride 
is added by dixjps to a boiling solution of potassium or ammonium fluoride, a rose- 
coloured powder separates, consisting, according to NickUs, of an oxyfluoride, 
MnOF*, and forming with potassium fluoride the double salt 2KF.MnOF*. The 
tetrafluoride and oxyfluorido of manganese aroobbiined in ethereal solution by treating 
their potassium salts with nnh3drous ether saturated with silicon fluoride. The solu- 
tions are brow'n and give up nuingancse tetrafluoride or oxyfluorido to water when 
agitated therewith. Manganese trijlttoridc, Mn'-^F** (ii. 808), also 3deldH double fluorides 
and oxy’fluorides when similarly treated with solutions of alkaline fluorides, e.g. the 
salt 4KF,Mn*F^O. A potassium salt belonging to one of these groups is formed, with 
elimination of ozone, by the action of aqueous h3’drofluoric acid on potassium perman- 
ganate (Nickl5s, Bull. Boo. Chim, [2] viii. 408). 

In treating manganese dioxide with h3'drofluoric acid for the preparation of the 
tetrafluoride as above, there are sometimes obtiiined, especially when heat is applied 
(perhaps also only when the mangsincse dioxide is mixed with manganoso-man- 
gaiiic oxide, Mn^O^), brown crusts of manganoso-manganic Jlnoidde, Mn*F* + 10H‘*O 
or MnF‘'*.lVIn"F® -4* lOll-O. This compound dissolves with brown colour in a small 
quantity of water, but is decomposed by a large quant itv, with separation of brown 
oxide, and more completely by alkaline carbonates. It forms a lose-coloured precipi- 
tate both with potiissium fluoride and with manganic fluoride. Its solution takes up 
large quantities of metallic silver, being converted at the Sfvme time into colour- 
less manganous fluoride. Potassium fluoride added to this solution throws down a 
precipitate of i-ariablo composition (containing about 1 p. c. manganese and 60 p. c. 
silver); lead precipitates the silver, but is not itself dissolved (Nickles, BtilL Soe, Chixn, 
[2]xi. 411). 
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Oaildleia Analyses of mtinganite and pyrohisito from Nova Scotia are given by 
Ilow (Phil, Mag, [4j xxxi. 166 ; Jalmsh. 1866,923). E. Schmid (l^g, Ann. cxxvi. 
lol ; Jahresb. 1865, 878) has analysed psilomelano from OolmmsUxdi, from Elgersburg, 
and frvm Nadabiila in Hungary. For the mineral from Elgersbuig, lie deduces the 
formula (BaO ; MuO) . 4MnO“ + Giiq. 

Respecting the regeneration of manganese dioxide from waste chlorine-liquors, see 
Chlobinb (p. 435). 

Manga7iatcs,—A pigment calUnl Ca.‘^sd grem is prcjiarod by igniting 14 pts. 
manganese dioxide witli 80 pis. nitrate and 6 pts. sulphate of barium, or 24 pts. 
inaiiganous oxide with 40 pts. nitrate and 30 pts. suljihnto of barium. The green 
fritted mass is triturated with watir and mixed in the moist state with gum or 
dextrin (Schud, Bidl, Soc. Chim. [2] v, 477 ; see also Rosenstiehl, IHngUfwl. J. clxxvlii 
400). 

Per manganatc!^~l^i) avoid the lo.^s arising in the preparation of jwtassium per- 
manganate from the separation of JiydiaUHl dioxide, Slmleler (J,pr. Chtm. ciii. 107) 
eff'eetAi the conversion of the manga iiato into permanganate by moans of chlorino 


2MnK'0* + CF ‘2KC1 + Mn-K*0«. 


The crude pulverised manganate is left to soften for some hours in contact with water ; 
an equal quantity of water is tlien atlded ; aiul chlorine is passed into the liquid till it 
turns red. The solution is then diluted with four times its bulk of water ; and after 
clarification by subsidence, or filtration tlirough pounded glass, is evajmraled to ono- 
fifth of its volume. The greater part of tlio permanganate then st'parates out , and may 
be purified by recrystallisation. The product amounts on the average to 90 p. c. of 
the munganoso dioxide used. 

Potassium permanganate is reduced by hydrogen dioxide, with formation of pobis- 
siuni hydrate, and precipitation of hydrated sesijuioxido and dioxide of mang.'ineso, the 
proportion of these oxides in the precipitate varying accorling ns tlie solution of 
hydrogen dioxide is neutral or acid (Wclt/.ien, Compt. rend. Ixii. 612 ; A^in, Ch. 
Pharm, cxxxviii. 14(b Swiojikowski, ibid, cxli, 205; Jahrmb. 1867, p. 218). 

According to Linder (Zci7.vrAr./. Chem. [2] v. 442), soluble iodidca are converted by 
dilute potassium permanganate into iiKlatos ; hnnitidrH in aci<I solution react like iodides ; 
but in neutral or alkaline solution they do not roduce the permiinganaU* ; chlorides do 
not reduce it either in alloilino or in acid solution. 

A solution of poUissium permanganate is c.a.sily decomposed at ordinary temperatures 
hy luetallic merenrg, with formation of mercurous oxide, manganic hydrubs and 
jiotassium hydrate ; more (piickly at the boiling heat, with imni<Hiiiito formation of 
mercuric oxide. Silver appears also to bo attickcd hy the permanganate; on zinc and 
coj<per it d(>es not act (W. B. Giles, Chem. AVtc.s, xv. 204). Thallium is oxidised by 
the. permanganate solution at ordinary temperatures ; magnmium and aluminium only 
at the boiling heat, and even then but slow'ly (Crookes, ilml.). 

('(nic-sngar, milk-mgar^ starch, and gum aro completely oxidised b^ potassium 
permanganate in acid solution, to c.arlx>riic acid and water; equal quantitn^s of starch 
and gum reduce nearly eqmil quantities of the permanganate. Tartaric acid and 
iiajdithalene &rc) likewise oxidised (Ljingbein, Zrifschr.f. Chem. [2] v. 350). 

Ammonium salts heated to 150° in sealed tubes, with about 40 times their weight of 
p<>fassium permanganate, and a 50 p. c. solution of pfjtnsh, give off no nitrogen, and 
yield only tmeos of ammonia. Acetamide reacts in a similar manner. The nitrogen 
must therefore be converted, under these circumstances, into nitric or nitrous acid, ns 
f'»nnerly found by Schonboin, Cloez, and Guignet (Jahresb. 1858, p. I7i)» by 
Wohler (ibid. I860, p. 150). Urea hcjitod in scaled tubes to 16O°-200°, with A 
strongly alkaline solution of p rmanganate, gives off part of its nitrogen in the fro© 
state, while nearly all the rest is convcrt<Kl into nitric acid, with only a trace of 
ammonia ; but when the urea is distillcsd for some time in an open vessel with dilut© 
potash containing permanganate, 22 p. c. of the nitrt)gen app<«ir« as ammonia 
(Wanklyn a. Gamgcc, Cfum. Soc. J. [2] vi. 25). Asparagine, ^perins, gnperidine, 
amulamine, diawylamine, hippuric acid, narcoHne, and dtphcnyl-iartramtdc, heated 
^th a strongly alkaline solution of pfjtassium permanganate, give off nearly the 
whole of their nitnjgcn as ammonia; morphine, codeine, pajMwrine, strychnine^ 
i^domcthyTstrychnine, f/rucine, gutnine, cinchonine, nicotine, tolutdine, and TOsanilinet 
only about hi5f ; creatine about a Uiird ; caffeine about a fourth ; urk acid about a 
fifth ; gelatin 12*7 p. c- ; albumin about 10 p.c. ; caeein 6'6 p. c. Pkric acid thmi trea^ 
yields no ammonia (Wanklyn a. Chapman, Chem. Soc. J. [2] vi. 161). On the aetton 
of permanganate on quinine, see that base. 
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Sulphides. Manganous sulphide is. formed, together with a polysulphido of 
potassium, by heating potassium manganate in vapour of carbon bisulphide : 

K^MnO^ h 2CS* = MuS + K-S’ + 200^. 

A similar product is obtained with barium manganate (W. Muller, Fogg. Ann, 
cxxvii. 404). 

By heating the amorphous sulphide in a stream of hydrogen sulphide, it is obtained 
in yellow-green hexagonal prisms. At the same time very small shining laminar 
crystals of unknown composition are formed, grouped in squares or crosses (Sidot, 
Compt. rend. Ixvi. 1267). 

On the behaviour of flesh-coloured manganese sulphide with various reagents, so'3 
Muck {Zeitschr. /, Chem. [2] vi. 6). 

MilLiarhrZTlS. C*II"0® = |o“. — Respecting its constitution, see Alco- 

hols (p. 72). 

The compounds of nmnnite with the alkaline earths which Ubaldini obtained by 
triturating raannito with hydrate of barium, calcium, &c,, and water, and precipitating 
with alcohol {GmelirCa Handbook^ xv. 3G5), have been further examined by llirzel 
{Ann, Ch, Pharm. cxxxi. 60; Jahresh. 1864, p. 681), who finds for the barium 
compound the formula 2 .BuO ; for the ailcium compound, 4 . 3 CaO ; 
and for the strontium compound, 4C*II‘*0® . SrO. 

Silver nitrate, mercurous nitrate, auric chloride, and luorcuric chloride arc not 
reduced by maniiite even at the boiling heat; silver acofalo or silver oxide heated 
with mannito, or left in contact with it at ordinary teniporaturcs, yields a speculum (d 
silver. Hydrogen dioxide converts maunito into an acid substance, which reduces an 
alkaline cupric solution. 

Acetgl^mannite8.----'ii[Q,i\n\l{i hc;iLcd with acetic anhydride containing 10* 16 p. c. 
glacial acetic acid gradually dissolves, the liquid solidifying on cooling to a crystallino 
mass surrounded by a syrupy liquid. On filtering this mass in an imperfect vaciiuiu 
through asbestos, and washing the residue with absolute alcohol, ft white very light 
mass is obtained, having the composition of acety l-dimannitan, 

It has a bitter taste, is very slightly hevogyrate, nearly in.soluble in boiling alcohol, 
insoluble in ether, very soluble in water and in acetic acid; melts at 120°; yields 
mannitan by saponification. By prolonged action of the acetic anhydride, a thick 
syrup is obtained, from which water soparates white cryshdlino grains ; and the 
mother-liquor yields, wlion evaporated over the w'ater-bath, a coloiuless, transpan'iit, 
nearly solid, very sweet sjTiip, Iniving a strong bevogyrato jx)wcr, [a] = — 22’G°. The 
white crystalline precipitate exhibit.**, after rccrystallisation from . alcoliol, the com- 
position of h oxacetyl - ma ii n i te, C*'U'*(C*TP())*0*. It is optically inactive, melts at 
about 100° and resolidifies in the crysUvUine form on cooling. The syrupy compcmiul 
above-mentioned appears to have the composition and is probably 

identical with Berthelot’s so-C4illed diacetyl-maunitau (E. Grange, Compt. ruid. Ixviii. 
1326 ; Zeitachr. f. Chem. v. 448). 

M:JkMiLCAxmo nAMAm.) ^ ^ 

f Jbee ConAiBA. 

WCAJLiLirKiLXr MAMAm, ) 

MLAJtClBlftllV. This miuoral, from St. Marcel ’vu Tlcdiuout, "bus, acconWug 
O. Rose {Fogg. Ann. exxi. 318), the composition MnO .MnO*.SiO‘ ; sp. gr. 4752. 

nSJUBbCTZiZTS. This rainersil, from the Red River in the neighbourhood of 
Mount Wichita, has, according to S. W. Tyler (^*7/. Am. J. [2] xli. 209), essentially the 
composition CuS.CuO -t- H®0, the ferrous sulphide and gypsum contiiincd in it being 
regarded as adventitious. 

BKAltOAl&y'XiBSrB. C*'H**.~One of the hydrocarbons obtained by the dry 
distillation of Menhaden oil soap (p. 814). Boils at 193°-196°. 

(C^'H«)n 

MCAWAirzUira. In* (Dq Laire, Girard, a. Chapoteaut, 

H» ) 

Compt. rend. Ixiv. 416 ; Btdi. Soc. Chhn. [2] vii. 366 ; Jahresh. 1867, p. 607, 962). — 
A base produced by tlie action of dehydre^enising agents on a mixture of aniline and 
toluidine : 

2C«H’N + C'H*N - 6H * 

It may be prepared by heating 100 pts. of commercial aniline (boiling at 183®-188®, 
and consisting of a mixture of 2 mol. phenylamine and 1 mol. toluidine) with 
116 pts. dry arsenic acid, or 164 pta. of a solution containing 70 p. c. arsenic 
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anhydride, to 170® for some hours, in the same way as for the preparation of 
rosaniline, treafting the product with boiling water to dissolve any salts of chjyso- 
toluidine and rosaniline that may have been formed, and decomposing the remaining 
arsenite and arsenate of mauvanilino with caustic soda. The impure base, after 
being sei»rated and w^hed, is dissolved in dilute hydrocliloric acid, and the solution 
is precipitated by sixlium chloride, the rest of the chrysotoluidine then remaining 
dissolved ; or the crude base may be treated with ether and benzql to dissolve the 
mauvaniline and chrysotoluidine, which may then be s(^parated by solution in hydro- 
chloric acid and precipitation with sodium chloride as above. The residue insoluble 
in dilute acids, and in ether or benzol, consists chiefly of violaniliue. All other 
oxidising i^ents used for the preparation of rosaniline may also bo applied to that 
of mauvaniline. Tiiis base occurs, in fact, in the residues of the industrial preparation 
of rosaniline, and is perhaps the caxise of the violet tint sometimes exliibited by 
commercial aniline-red, 

Mauvaniline forms light brown crystals, which give off their water mol.), with 
decomposition, above 130°. It is soluble in ether, benzol, and alcohol, very slightly 
in hot water, insoluble in cold water. Its salts (especially the acetate and hydro- 
chloride) crystallise readily, and exhibit a bronze green reflex like those of rosanilint, 
They are somewhat soluble in cold, more easily iu hot or acidulated water, and dye 
silk and wool a fine mallow-red. 

Tri'phc-nyl-mauvaniline^ C**II'^(C®1P)*N*, produced by the action of aniline on 
mauvaniline, is a yellowish- white crystalline mass, insolublo in wat^sr, soluble in 
ether and iu alcohol ; its salts have a splendid blue colour. 

Triethyl- maui'anilbie^ prepared like the corresponding derivative of rosaniline, is 
white, crystalline, soluble iu alcohol and ether; its salts impart a fine blue-violet 
colour to silk and wool. 

BCAU VAXiril, the base of mauve or aniline purple (iv. 466), is now regarded by 
Perkin as consisting of or {Lecture delivered at the Boyal 

Institution, May 14, 1869). 

MliCOVZC ACZB. C^n^Ob — This acid suspended in water is converted by 
sodium-amalgam into hydromoconic acid, which when separated from 

its lead SJilt by hydrogen sulphide and evaporated, remains as a strongly acid syrup, 
easily soluble in water, less soluble in alcohol, and procipitivteil therefrom by ether m 
deliquescent flocks. It is completely decomposed by neat, but not attacked by bromine 
or nitric acid. The following hydromoconatos have boon examined : 

Barium salt, C^IPBaO^ + 2II''*0, amorphous precipitate, soluble in water, 

insolublo in alcohol. 

Lead salt, C'IPPbO' + l AIPO, amorphous precipitate. 

Silver salt, C’iI"Ag'^0' -f ^IPO, white granular precipitsito. 

Moconic acid is not further reduced by hydri^Klic acid, but resolvo<l, os by hydrochloric 
acid, into carbon dioxide and comenic acid. Hydriodic acid dot^s not act upon hydro- 
meconic acid. Meconic acid forms with aniline a beautifully crystallised salt, 
C’lI*0\2OII^N, which is converted by heat into comonato, C*I1^N (J. v, 

Korff, Ann. Ch. Pharm. cxxxvii. 191). 

mscOimZJrB. C*'JI=»NO* (IIcsso, Ann. Ch. Phirm. cliii. 47 ; Chem. Cmir. 

167). — A base contained, together with others, in the aqueous extract of opium, 
and remainVtvg \n ftoValion aitet the codamine 460) haa civataWiaed out. when 
the crystals oi the latter no longer to increase, the moUiet-liquor is AecuntfeA., 

the bases contained in it are combined with dilute acetic acid, and the acid 
solution is saturated with common salt, whereby hydrochloride of moconidine is thrown 
down, whilst the salts of a fourth base (x) remain for the most part in solution. The 
meconidine precipitate, which is of resinous consistence, is rodissolvod in cold water, 
with addition of a little acetic acid, and again precipitated with common salt, which 
operation is once more repeated. lastly the salt thus purified is dissolved in a small 
quantity of cold water ; the solution is mixed with excess of sodium bicarbonate and 
e^tated with ether ; the Cereal solution is filtered through animal charcoal ; and 
the ether is left to evaporate, whereupon the meconidine remains as a yell^ish 
▼•amish, ve^ easily dried at 90®. 

Meoonidine forma a brownish-yellow transparent amorphous mass, whidi when 
touched splits up into innumerable small laminm, and may be ground to a veilowisH 
powder. Helte at 58® ; not sublimable ; bums away oompletelv whea heated in 
fhe air. It is tasteless ; insoluble in water, but very soluble in aJusohott 9thr$t henjeoi, 
chloro/o^, andaceUme* The ^coholic solution blues reddened iitmus^and neotialisei 
•nlphnrie, hydfoeblcme, and aeeCie acids. 
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Meconidine is easily decomposed by strong a<Ms, especially if heated. Its soIutioTi 
in dilute eulphurh acid becomes rose-coloured in a fe^v niinntes, purple-rod in a few 
hours; at the boiling heat these changes of colour take place immediately. W/fh 
acetic acid the change is much slower. Ammonia produces in the parplo-red"^ solution 
a dirty-white, very changeable precipitate. Strong sulphuric acid dissolves raeconidino 
with oliv’e-greeu colour ; strong nitric acid colours it orangc-rcd. 

The sa^ts of meconidine are very unshible. Their dilute solutions have an intonsely 
bitter taste. P’rom the acetic acid solution the meconidine is precipitated by po/ns/t 
or soda in white flocks, but is redissolvod by excess of the reagent, and may bo 
separated from the alkaline solution, after addition of sal-ammoniac, by olbcr, 
chloroform, and other solvents; acids precipitate it from the alkaline solution, but 
redissolve it when added in excess. Ammonia likewise precipitates the base, 
redissolves it when added in very largo excess, but gives it up to ether or chlorofonii 
when agitated therewith. Lime reacts in a similar manner. The reaction with 
potash distinguishes meconidine from rhoeadine, the salts of which give with potash 
a permanent crj'stalline precipitate. 

PlatinocMoride of meconidine, 2(C2‘H-^NO*) . PtCl‘, is a yellow amorphous precipitate, 
which soon turns reddish. The aurochloridc is a dingy yellow amorphous precipitate ; 
the mercnrtychlorkle is a white amorphous precipitate, wliich in conUicL with hydro- 
chloric acid soon acquires a rose colour. 

XIKBltACOSrZTS. Native cupric oxide found at Copper Harbour, Lake Siiperidr, 
in monoclinic crystals (Maskelync, Br. Assoc. Reports, 3d ; Notices emd Abstracts, 33; 
Jahresb. 1867, p. t>79). 

]MCi:Xi.A.»IXirs. C’lPN^— Syn. with Cy.vnuramtdk (ii. 287). 

Triethyl-melaminc, is produced by desulphuratioii of etliyl-sidpho- 

earbamido. (See Sui.rnocARnAMiDns.) Ly prolonged contact ^vdth cold hydrochloric 
acid, or by boiling for a short time with the same acid, it is converted into ammonia 
and triothyl-ammolido : 

-t- U^O - NIP + CH{‘(C''Tl=‘)3N=^0. 

The platinochlorido of triethyl-ammelide, 2[CPi{^(C’HP)^N ’0 . HCl] . PtCP, crystallises 
in beautiful four“sido<l prisms, very ca.sily soluble in water, less soluble in alcohol, not 
decomposed at 100*^ (Hofmann, Zciischr.f. Chem. [2] vi. Id8). 

nCBBiLPXrsrR. Analysis of this rook from Norheim near Kreuznach and 
in llio Dobnidscha, are given by Laspeyres {Jahresb. ISGd, p. 922) and Sominaruua 
{ibid, 1866, p. 978). 


MBliZBOTZC j&OZXI. Syn. with HYDitocou.MAUic Acid (p. 715). 
XIZZSXiZSSZlBr, C^‘H®‘0, — This alcohol occurs in Canaiiba wax (p. 391). 


BSBZiXiZTZG ikCZS. C'HPO** (Ibicyer, Ann. Ch. Pharm. Stq^pl. vii. 1 ; Pre- 
liminary Notice, Berl. Akad. Ber. 1860, p. 77 ; Ann. Ch. Pharm. cxli. 271 ; further, 
J)eut. chein. Ges. Ber. 1871, 273 ; Chem. S(tc. J. [2] ix. 372). — This acid, formerly 
represented by the formula CH'O*, and regarded as bibasic, has been shown by 
Baeyer’s investigations to be sexbasic, and t-o havo tlic constitution of benzene- 
hoxcarbonic acid, C''(CO'^H)® — that is, to consist of benzene in which all the six 
carbon-atoms are replaced by carboxyl. 

The composition of the salts and others of mellitio acid, according to the six-carbon 
formula, may be illustrated by the following examples : 


Neutral. 

C'=0''"(NIi')« 

c»o*’(cn'')“ 


Acid. 

C>^0'‘JI'(NH^)^ 

C'*0‘2iPK» 


C'^0'*Ba« 


C'^O'HPCiP 


Mellitic chloride, obtained by II. Muller (iii. 874) by the action of phosphorus 
pentachloride on mellitic acid, lias the composition C‘'(COCl)®. Miiller described it as 
non-volatile, but Baeyer finds that, on distilling the product in a stream of air, the 
mellitic chloride passes over (after the POCl* and excess of PCP) as a colourless 
oil, which solidifies to a crystalline mass on cooling. It dissolves easily in pur© 
other, is insoluble in water, and is slowly converted by boiling therewith into mellitic 
acid, 

Mellitic acid is capable of yielding a large number of amidogen derivatives. 
Between inellitamide„ C*(CONH^)*, and mellitic acid, C®(COOH)®, there may exist 
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five amidated acids, admitting of several isomeric modifications. Mollitamido by 
giving up ammonia is converted into a tri-imide,viz. parainide, 

Hetween this compound, the amide, and the acid, there may furtlier exist numerous 
intermediate compounds, two of which are known, viz. paramic acid and oucliroic 
acid (ii. 601 )« which arc probably related as follows. When paramide is dissolved 
in ammonia, and the solution immediately treated wdth hydrochloric acitl, it deposits 
paramic acid : 

( [(coymiy 
^J[{Cormir 
^ jcoNir^ 

I coon 


one of the bivalent imidogoii groups, (CO)-NII, of the p;iramido being converted by 
assumption of water into the two univalent groups CONII= and COOll. If now 
the amidogen group CONII^ hikes up 11*0 and gives off ammonia, a se<!ond acid 


group COOII will be formed, and the result will bo cuchroic aci 


} (COOH)^ ■ 


Acids dcrival from MellUic Acid, 

Mollitic acid heated with lime is completely resolved into carbon dioxide and 
benzene 

C«(C^Oni)« 6CO^ + 

It is in fact the last term of the serio.s of aromatic acids deriviid from benzene by 
substitution of CO*H f(»r H — the first term being 1>enzoic acid — all of wliicli are 
resolved in like manner by distillation with lime into carbon dioxide and beiizoiio. 
'J'he furmulre of these acids arc as follows : 

O‘iP(C02ir) c«n‘(C(v*iT)' 

Qm\CimY C'di((X)'*'ii)=‘ 

c\vomy. 

The first and fifth, and tnellitic acid itself, are not su.scepti1>Ic of isomeric modifica- 
tions; but the second, third, and fourtli, each ailniit of three modifications, aeconli ugly 
as llio carboxyl occupies, in the second, the places (1, 2), (1, 3), or (1, I); in the third 
tile places (1, 2, 3), (1, 2, 4), or (1, 2, 6) ; and in the fourth the places (1, 2, 3, 4), 
(1, 2, 3, 6), or (1, 2, 4, 5): in all twelve diflerent aci<iH. (See Aromatic Skuiics, 
p. 1U7.) 

One modification of the fourth acid of the seriej (pyromcllitic acid, C‘“TI"0<) is 
produced by distilling mollitic acid alone at a moderule heat; and hy heating 
nu llitic acid to dxily regulated temperatures, (other alone or with bases, it is possible 
that the other acids (jf the series might also be olaalnod. 

All the twelve acids above enunujrated are known, except the fiftli. They are pro- 
duced by the following scries of processes : 

IMellitic acid treated with sodium-amalgam tabes up 0 atoms of hydrogen — on(( for 
each atom of carboxyl — and is converted into hydrtimel litic acid, 

This acid heated with strong sulphuric acid loses 0 atoms of hydrogen, ana at tne 
same time 2 mol, carbon dioxide, and is converted into two isomeric quadribasic acids, 
culled prchnitic and mollophanic acids; 

C«IJ«(C02II)» = H» + 2CO» + C«U"(C0«1I)‘. 

In like manner, prehnitic acid treated with sodium-amulgam, takes up an atom of 
hydrogen for each of its atoms of carboxyl, forming hydroprehni tic acid, 
and this acid heated with strong suli>lmric acid is converted into tribasic 

trimesic acid : 

C«H“(C02II)< = H* + C02 + C«1P(C02H)». 

This last compound can in like manner take up 3 at. hydmgon, and the resulting 
acid, C"IP(CO=H)*, heated with sulphuric acid, will yitdd bibasic isophthalic acid, 

; but the latter may be obtained more directly by simply heating hydro- 
prehnitic acid. 

Mellophanic acid undergoes similar transformations, resulting in the format^ti of 
hemimellitic and phthalic acids. 

In the chain of reactions just described, the carljoxyls are removed from melliticaeid 
in a certain order; this however is not the only metluKl of passing from the soxbasie 
to the monobasic acid. Mellitie acid when hwted yields pyromallitie aeid^ 
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0*II*(C0*H)^ ; and this acid treated with sodium-amalgam takes up 4H and is con- 
verted into hydropyromellitic acid, C*H«(CO-H)^ which when heated with strong 
sulphuric acid yields trimellitic acid, isomeric with hemimellitic acid ; 

and this again would doubtless take up hydrogen, yielding a product decomposible by 
sulphuric acid. In the formation of trimellitic acid, isophtlialic acid is obtained as a 
secondary product. 

Sydromellitlo JkciAm ** C*1I^(C0^II)*. — Mellitic acid is easily hydro- 

genised by sodium-amalgam, esp^^cially in presence of ammonia. The resulting 
hydromellitic acid may bo purified by precipitating the neutralised solution with lojul 
acetate, and decomposing the precipitate with hydrogen sulphide. On evaporating tlio 
filtrate, the hydromellitic acid remains as a syrup, which gradually solidifies to indis- 
tinct crystals like those of grape-sugar. It is colourless, very hygroscopic, but not 
actually deliquescent ; dissolves very easily in water, forming a strongly acid liquid ; 
also in alcohol, but sparingly in ether. When heated it melts, with loss of water, to a 
colourless liquid, which decomposes at a higher temperature, giving off carbon dioxide 
and leaving a large quantity of charcoal. 

The hydromoll itates of the alkali-metals are easily soluble in water ; of those of the 
earth-metals and heavy metals, some are soluble, others insoluble. Many are precipi- 
tated from their solutions by heat, like calcium citrate, and redissolve on cooling ; this 
is the case with the calcium a.nd manganese salts. The silver salt contains C'-O'-H^Ag"; 
the lead salt The otiiylic ether, formed by passing 

hydrochloric acid gas into the alcoholic solution of the acid, is a viscid oil insoluble in 
water, and decomposing when heated, giving off gas, and yielding a distillate consisting 
of a liquid and a solid body. The solid body crj'stallises in largo prisms soluble in 
alcohol, melting between 128*^ and 130®, and yielding by analysis numbers intennediiito 
between those required by the formulas and The 

liquid portion of the distillate consists of the ethers of acids richer in hydrogen, one 
of which, judging from the odour, is hydrobeiizoic acid. 

Hydromellitic acid heated for some time with phosphorus pcntackloride and excess 
of tlio oxychloride^ apparently yields hydromellitic chloride. Oxidising agents, 
e.g, permanganates and nitric acidy act but slowly on hydromellitic acid ; in a mixture 
of strong nitric and sulphuric acitls, it dissolves without apparent alteration. By 
heating or by prolonged contact with hydrohromic acid it is converted into isohydro- 
mellitic acid. Heat^ to 130® in a sealed tube with 6 at. bromine^ it is partly convcrto<l 
into hydrohromic acid and brominated bonzocarbonic acids, and perhaps also yields a 
small quantity of bonzocarbonic acids containing smaller proportions of carboxyl. At 
the same time the bydrobroinic acid converts part of the hydromellitic into isohydro- 
mellitic acid. 

Kespocting the difference of constitution between mellitic and hydromellitic acids, 
see p. 814. 

Isohydromellitic acidy is obtained as above described in tufts of 

short thick needles, easily soluble in water, but precipitated from the concentrated 
solution by hydrochloric jicid. It crystallises immediately from the aqueous solution 
in rather largo, hard, thick, four-sided prisms, without first becoming syrupy like 
hydromellitic acid. The crystals are anhydrous, and melt with intumescence when 
heated, giving off a small quantity of acid water, and leaving a large quantity of 
charcoal. It is a very stable compound, not being altered by heating to 300° with 
fuming hydrochloric acid, or by heating with a mixture of sulphuric and fuming nitric 
acids. It is slowly oxidised by potossium permanganate, rapidly by chromic acid 
mixture, giving off carbon dioxide and yielding acetic acid, together with a small 
quantity of trimesic acid. 

Isohydromellitic acid yields with barium acetate a flocculent precipitate slightly 
soluble in acetic acid, the solution becoming turbid when heated ; with mangane^ 
acetate no precipitate in the cold, but a flocculent precipitate when heated, which 
redissolves on cooling; with silver nitrate a white granular precipitate easily solu- 
ble in ammonia and in nitric acid ; with lead acetate a flocculent precipitate of the 
salt C'*0'*H*Pb*, nearly insoluble in water, and very slightly soluble in warm dilute 
acetic acid. Methylic imhydromeUitaie is easily formed by the action of methyl 
iodide on the silver salt, and crystallises in needles insoluble in water, easily soluble 
in alcohol, melting at l2o°, and often remaining liquid for a long time after evapora- 
tion of the alcoholic solution. 

Hydromellitic or isohydromellitic acid heated with five times its weight of strong 
mdwturie add to about the boiling point of the latter, gives off carbonic and sulphurous 
anhydrides, and yields a brown liquid, which when mixed with a sufficient quantity 
mf irater io redissolve the precipitate first formed, then agitated with ether» ana 
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freed from ether by distillation, yields a retldish nodular crystalline mass easily 
soluble in water, excepting a small portion. The soluble substance isisopyro- 
molliticacid; the insoluble, trimosicacid. Their formation is represented by 
the following equations : 

C^K*{COmy + 3S0«1P = 2CO* + 3SO* + 6IPO + OH*(CO*H)* 

Hydromellitio. " iBopyromelUtlo. 

C«H*(CO^H)« + 3SO‘H* « 3CO* + 3SO* + 6H*0 + C“H*(CO*H)* 

IlydromelUtic. Trimesie. 


Those two acids are purified by converting them into lead salts, separating with 
hydrogen sulphide, evaporating to a small bulk, adding a little sulphuric acid, and 
exhausting with ether. The same mode of purification is applicable to all the corre- 
sponding acids to be further described. 

Trlmeslo Acid. C®II*0®. — Fittig (Ann. Ch. Phartn. cxli. 129 ; Jahresh, 1866, 
p. 607) obtained this acid by the action of potassium dichromato and sulphuric acid 
on mcsitylcnic acid : 

CTP"0» + CO - CHPO* + 211*0. 


It is moderately soluble in water and other, oiisily in alcohol, and crystallises firom hot 
water in hard, thick, colourless prisms, which volatilise at a very high temperature 
without previous fusion, and sublime in needles. The barium salt, (C"H*0*)*Ba* -t 
2IPO, separates on mixing the slightly ammoniacal solution of tlio acid with barium 
chloride, as a crystalline pulp composed of rather largo needles ; it is but slightly 
soluble in water, even at the boiling heat, and is easily decomposed by hydrochloric 
acid, with separation of trimesic acid. The silver salt, C“ll*0“Ag*, is an amorphous 
jTecipitato insoluble in hot water (Fittig). The acid obtained by the action of sulphuric 
acid on hydromellitic acid exhibits exactly the same characters. 

PreUnltlo add, C“'U®0« « C•iP(C0*^)^ is readily soluble in water, and 
crystallises from its concentrated solution in largo prisms resembling the mineral 
prohnito. They contain 2 mol. water of crystallisation, which escapes on heating ; the 
anhydrous acid melts at 237°-250®, with further loss of water and formation of the 
anhydride; the fused mass solidifies quickly at 220° into a crystalline moss, which 
resembles sal-ammoniac, and melts again at 239°. The aqueous solution of the acid 
gives with barium chloride a precipitate of small ocbjhcdral crystals, having the 
composition and c<mtaining 3 or 4 mol. water of crystallisation. The 

methyl-other of prohnitic acid crystallises in small thick concentrically graupod prisms, 
which melt at 104°-1 08°, solidify at 81°-70°, and sublime without decomposition. 
By the action of sodium -amalgam, the acid is converted into hydroprehnitic acid, a 
syrupy liquid, which on heating yields isophlhalic acid, besides regenerated prchnitic 
acid. 


MeUopbanio acid, isomeric with prchnitic acid, is also re^ily soluble 

in water, and forms anhydrous crystalline crusts. From a solution containing a little 
hydrochloric acid it erysUllisos in fine prisms. Its aqueous solution is not prccipiUt^ 
by barium chloride. At 215° it begins to soften and to shrink together, and at 238 
forms a clear liquid, the anhydride, which on cooling s«^>lidiflcB mto crystals rosembling 
frost-flowers and melting afterwards at 164°, 


Prebnomallo acid, is formed in varying quantity, together with the 

preceding, when the action of the sulphuric acid on hydromellitic acid is not c^ned 
on too long. It has the composition of prchnitic acid + water, and is oa«ly trans- 
formed into the latter acid, by the further action of hot sulphuric acid, by the action 
of bromine-water, and by the action of methyl-iodide on iU own silver salt, the melhylic 
ether of prchnitic acid being then formed. * 

Prehnomalic acid is quadribasic ; its aqueous solution evaporated over the water- 
l»ilh leaTos an amorphous mass. C»n“0‘’. Tory soluble in water. The 
soon solidifies to a magma of bulky needles Imving the corajwsition C H 0 ^ 

only sparingly soluble in water. Prehnomalic acid dried at 100 melts at 210 » 
loss of watm-, to a colourless liquid, and distils at a higher temperature, the distillate 
solidifying to a vamish-like mass which melts at 180°. 

KemixEMillftto C»H-0» - C«H*(CO*H)», is iwmem wiA trirowc 
is so called because it behaves when heated like mellitic aci^ and <»ntains onlyli^ 
as many atoms of carboxyl as the latter. To obtain^ it, the mrMi|^.te by 

adding bapyta.water''to the aqueous solution of the nrodu^ 
of sulphuric acid on hydro-i^pyromeUitic « is exhawted jnlh wW 
tion, containing bariuni hemimeUitat© mixed with small quantities oi isopyiDnelUtafi 
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and isophthalate, is mixed with sulphuric acid ; the <aqueous solution is again pre- 
cipitated with barytfi-wator ; and the filtered liquid is mixed with hydrochloric acid, 
which throws down homimelUtic acid in fine colourless needles, while isopyromellitic 
acid remains dissolved. 

Hemimellitic acid melts at 185°, and if kept for some time at that temperature 
solidifies to a crystalline mass which melts at 125°. During the fusion long needles 
of phthalic anhydride sublime, together with a small quantity of benzoic acid. It is 
ratner difficultly soluble in water, and crj^sUdlises slowly therefrom, a character liy 
which it is distinguished from phthalic acid, wdiich is also but sliglitly soluble, but 
crystallises quickly. It also differs from phthalic acid in being precipitated from its 
concentrated aqueous solution by hydrochloric acid. 

The salt of hemimellitic acid is easily soluble in watxir, and crystallises 

in a radiate mass when evaporated on a watch-glass. A very dilute solution of tlio 
acid is not precipitated by baryta-water^ but a strong solution gives a precipitate, 
thereby affording another distinction from phthalic acid, which is not precipitated by 
baryta-water. Tlio solution of the ammonium salt gives with barium chloride a preci- 
piUito of microscopic needles consisting of the neutral salt, (C**11^0®)‘Ba* + 611*0, 
which gives off 3 mol, water at 160®. 'I'ho ammonium salt is not precipitated by 
calcium chloride^ but alcohol added to the solution throws down flocks ; its concen- 
trated solution is precipitated by cupric sulphate. Lead acetate forms with the acid a 
flocculcnt precipitiite sparingly soluble in excess of acetic acid. With silmr nitrate in 
excess, the acid forms a flocculont precipitiite which dissolves when heated, and sepa- 
rates in the granulo-crystalline form on cooling; this silver salt dried at 120® has the 
composition C^H’Ag^O®. 

Pyromellltlc ikcld. = C‘’II=(C02II)^ (iv. 762).— The anhydride of this 

acid, is produced by the dry distillation of mcllitic acid : 

C'2n''0‘2 = 2CO* + 2IPO + 

and when boiled with water or alkalis, is converted, by assumption of water, into 
pyromellitic acid. Jhlrdmann’s motliod of preparing the acid by distilling sodium 
mtdlitato with sulphuric acid yields good results wlion only small quantities are 
operated on at once. 

Pyromellitic acid boars a strong resemblance to phthalic acid. 13y distillation it 
yields the anhydride as an oil which quickly solidifies in largo crystals and 

sublimes in long needles by slow evaporation. It dissolves easily in liot water, and is 
at the same time converted into the acid, much more easily than phthalic anhydride 
into phthalic acid. It melts at 286°, the acid at 264° ; phthalic anhydride, on the 
other hand, melts at a lower temperature than phthalic acid. 

Pyromellitic chloride^ C‘’II*(CO‘Cl)h is produced by heating the acid for a consider- 
able time with a slight excess of phosphorus pentachlorido, land may be purified by 
rodistillation in a stream of air at 180°, It then solidifies to a soft crystalline mass, 
which after a while becomes hard and brittle. It dissolves easily in pure ether, and 
when boiled with water is gradually reconverted into pyromellitic acid. 

Kthylic pyromellitate, 0*11 obtained by heating the silver salt to 100® 
with ethyl iodide, crystallises from alcohol in short flat needles, insoluble in water, 
melting at 63°, and subliming in needles at a higher temperature. It is probably also 
one of the products of the dry distillation of ethylic hydromellitate (p. 810). 

Bjrdropyromellltlo acid, = C*II*(CO^II)^, is produced by the action 

of sodium-amalgam on the ammonium salt of pyromellitic acid, the reduction, if assisted 
by a gentle heat, being complete in tlireo or four weeks. It remains on evaporation 
as a colourless syrup, which gradually solidifies in the crystalline form. The presence 
of alkali interferes with its crystallisation. It is hygroscopic, but not deliquescent ; 
very soluble in water. When heated, it melts with intumescence to a colourless liquid, 
which decomposes when further heated. With barium acetate^ the acid forms no pre- 
cipitate in the cold ; but on heating, a flocculent powder is precipitated, which quickly 
disappears on cooling. Baryta-water forms an amorphous precipitate which shrinks 
together to some extent wlien heated. Manyanous acetate forms no precipitate in the 
cold, but at the boiling heat a flocculont precipitate which disappears immediately on 
cooling. Altogether hydropyromellitic acid reacts just like hydromelli tic acid, excepting 
its salts are somewhat more soluble. 

* Hydropyromellitic acid heated with 6 pts. of strong sulphuric acid gives off lai^^ 
quantities of carbonic and sulphurous anhydrides, yields a small jmblimate ol|jjS)eDBoiC 
acid, but no phthalic anhydride, and a residue consisting of pyromellitic acid, 
trimollitic acid, isomeric with hemimellitic acid, and isophthalic acid. To 
^parate these acids, the residual mass is dilut^ with water and exhausted 
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^th ether, and the aqueous solution of the ethoroal extract is precipitated with 
boiling baryta-water, whereby pyromollilic and trimellitic acids are procipitatwl, 
while isophthalic acid remains in solution. The precipitate is decomposed by 
sulphuric acid, the filtrate concentrated, and the crystalline mass which separates on 
cooling is fused and digested with pure ether, which dissolves the trimellitic acid, 
leaving the pyromelUtic acid undissolved. 

The decomposition of hydropyromellitic acid hy sulphuric acid may bo represented 
by tlie following equation ; 

f P^Tomellitic acid 

+ 2SO«IP - 4IPO ~ 280^ = I CO^ + CnPO«, Trimellitic acid 
( 2C0' + C'lPO*, Isophthalic acid. 

Trlmellitlo Aoid* C®H^O* = C^IP(C0‘1I)*, — This acid, dissolved as above by 
ether, is purified by conversion into a lead salt in the manner already described (p. 811). 
It is mtxlorately soluble in water and etlu-r, and cryslallisos fi’om aijueous solution 
by slow evaporation in nodular groups of indistinct crysUils. It melts at 210°, and 
when more strongly heated docs not sublime, but distils in oily drops, which solidify 
on cooling to ni^ular groups of concentric needles. In this respect it bears con- 
siderable resemblance to isopyromollitic acid, which however molts at 238°, and 
solidifies from the oil obtained on distilling it, in needles and isolated crystals. 
Tliese characters, liowevor, are distinctly exhibited only when the respective acids are 
pure. The two acids are further distinguished hy the ditferent solubilities of their 
barium salts, isopyromellitic acid giving a precipitate w’ith barium chloride, whovoas 
this reagent does not produce a precipitate even with the ammonium salt of trimoUitic 
acid. 

Ammonium trimclliiate is ea.sily soluble in water, and crysbilliscs in concentric 
noodles from the concentrated solution. The harmm salt is sparingly soluble, and 
separates on mixing the ammonium salt with barium chloride, especially on heating, 
in crystalline nodules, exhibiting, after drying over sulphuric acid, the composition 
(t’MPO")*Ila + 31PO. With Uad acetate^ trimellitic acid forms a fiocculont procipitato 
Tie.'irly insoluble in acetic acid. Silwr viiratc fonns, especially on addition of 
ammonia, a granular precipitate, which dissolves when heated, and reappars on 
cooling. 

The acids above described belong to two classes, the honzocurbonic and the hydro-? 
bonzocarbonic acids. Of the bonzocarbonic acid.s, ns already obsenTd, twelve are 
pos.sible, and eleven have actually been obtsvincsl. These are arranged by Baoyer as 
ortho-, metii-, and para- compounds (Auomatic Skkiks, p. 197) as follows: 



OrOw-scrics. 

Meta-seru's. 

Para-scriea. 

C“(C02H)« 

1 2 3 4 5 6 
Mellitic acid. 



c»U(coni)» 

1 2 3 4 5 
Unknown. 



C*Il»(CO»H)< 

12 3 4 

Mellophanic acid. 

12 3 5 
Prolmilic, 

12 4 6 

Pyromellitic acid. 

C«II"(CO*H)' 

12 3 

Hemiraellitic acid. 

12 4 

Trimesic acid. 

13 6 

Trimellitic acid. 

c*n'(co»H)> 

12 

Phthalic acid. 

13 

Isophthalic acid. 

Tercphthalic acid. 

MIWH 

1 

Benzoic acid. 




Of the hydrobenzo-carbonic acids, two were previously known, viz. hydrobenzoic 
acid, C^H'®0*, and hydrophthalic acid, C*1I*0^ and four more have boon added to the 
list by Baeyer’s recent investigations, viz. hydromollitic ncid, C‘*H'’0'*, hydropyio- 
mellitic, hydroprehnitic, and hydromellophanic acids, The difference of 

structure of mellitic and hydromollitic acid be represented by the foUowin| 
formulae, in which the symbol X stands for CX)’H ; 

#■ 
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X 


X X 




X 


MoUItic. 


X H 




H X 

Hydromellltic, 


In the first, the nucleus C* consists, as in most aromatic compounds, of three pairs 
of carbon-atoms united by two affinities, while each pair is united with the next by 
only one affinity. In the second the six carbon-atoms are united together by only one 
affinity. 

Tlie stability of the hydro-acids increases in a remarkable manner with the number 
of the carboxyl groups ; for whereas hydrobenzoic acid loses its hydrogen by nu'ro 
exposure to the air, and hydrophthalic acid is so unstable that it reproduces phthalic 
acid and benssoic acid under the influence of almost all reagents, isohydromellitic 
acid is so stable that it is not oxidised even by a mixture of strong sulphuric and 
fuming nitric acids. 


nSSM’APBTBOX'nXC .aezn. Syn. with Naphthai-ene-cabboxyltc Acin. 

MZSMraPBTHTZiaAXZM'S. C A base produced by treating mcnaph- 

thothiamido, C'*H“NS, in alcoholic solution with hydrochloric acid and zinc, as long as 
hydrogen sulphide is given off. It is a liquid boiling at '290'^-293°, and rapidly 
absorbing carbonic acid from the air. The hydrochloride, G"H*‘*NH^IIC1, crystallises 
in long, sparingly soluble needles ; the platinochloride, 2(C"II'»NH'-*.HCl).PtCl‘, is a 
yellow crystalline precipitate. The sulphate and nitrate crystallise well. With 
carbon bisulphide the base forms a white crystalline mass. With alcoholic soda and 
chloroform it forms the strongly smelling compound formomonaphthyl nitrile 
(Hofmann, Beut, chem, G. Berlin, 1868, p. 100 ; ZeUschr, /. Chem. [2] iv. 603). 

BSBSTEGHXirzXB. 4PbS . Sb^S. —According to G. vom Rath {Pogg. Ann. clxxxii. 
372 ; jahresb. 1867, 974), the crystalline form of this mineral is not trimetric, as 
found by Sella (iii, 879), but monoclinic. In the primary form the ratio of llio 
cli nodiagonal : orthodiagonal: principal axis = 0’361639 : 1 : 0 116826. Anglo of 
inclined axes «= 92° 19’ 42”. 


MBWSAZIXnNr OZXi (Warren a. Storor, Mem. Amcr, Acad, [now series] ix. 177 ; 
Zeitschr.f. Chem. [2] iv. 228). — The oil obtained from Alosa Menhaden^ a species of 
herring, forms a lime-soap which, when distilled with excess of lime, yields the 
following volatile hydrocarbons : 




Boiling point 
of the fraction 

Amoiint in the 
erndo oil 

Amylene .... 

CTI'® 

36°*37"’ / 

0*8 p. c. 

Quintane or Amyl hydride 

CHI'* 

370 . 410 J 

Hexylene 

C®II'* 

66 °- 66 ° 

3*9 „ 

Hexane .... 

C®H'« 

67-5°-68° 

2-8 „ 

Benzene .... 

C«H« 

80°-81° 

31 „ 

Heptylene 

C’H'< 

93°-94° 

47 M 

Heptane .... 

CHI'* 

97*8° 

7-6 „ 

Toluene .... 

C^H* 

110 °- 1 I 1 ° 

69 „ 

Octylene .... 

C*H'* 

121 °~ 122 °> 

Octane .... 

C«H'* 

128°-129°} 

12*6 

Xylene .... 

C»H** 

140°-144O 

13*3 „ 

Nonylene 

C*H'* 

163° 

7 8 „ 

iDecylene .... 
Isocumene , , 

C*®H** 1 
C»H'* ( 

165°-174° 

23*6 „ 

Undecylene 

C*'H** 

193°-196° 

10*2 „ 

Duodecylene , 


208°~213° 

3*1 „ 
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HCSmrAXrTBZir. Kromayer {Arch, Pharm. [2] cxxiv. 87; Jahre^. 1866. 
p, 610) recommends certain modifications of the process originally given for the 
preparation of this compound from Menyanikcs tr{foliata ; he now assigns to it the 
formula C*®H**0*S with variable amount of water. The sugar formed in the decom- 
position of menyanthin by acids is doxtroglucose, . 6H*0. The volatile product 

of the reaction, monyantliol, is represented by the formula C^Il^O (which, however, 
does not agree well with the analysis), and the decomposition is represented by the 
equation 

+ 30»II«0 + 6H*0. 

By exposure to the air, and by fusion with potash, monyanthol is converted into a 
crystalline sublimable acid. 

MlSltCUltA.ClSTYli OXZX>S« See Acki'ylenb (p. 36). 

MSJtCimAKlISOirXirXICS (Weyl, ptygg, Ann. exxi. 601 ; cxxxi, 624 ; Zeitichr, 
/ Chem. [2] iv. 129 ; Jahresb. 1864, p. 282 ; 1867, p. 306)— Hydrated dimercur- 
ammonium oxide, (NIJg*)‘0. SII'-'O, is obtained by passing dry ammonia gas over 
amorphous mercuric oxide, or more quickly l»y the action of ammonia on mercuric 
oxide under pressure in the apparatus described under Son ammonium (v. 328), one 
arm of the tube containing silver chloride satumted with ammonia, the other mercuric 
oxide ; also by treating the oxide with an alcoholic solution of ammonia for several 
hours, and drying the product at ordinary temperatures. Tlio product obtained by 
cither of these processes has, if formed in the dark, the same yellow colour as preci- 
pitated mercuric oxide ; if it lias been exposed to light during its formation, it has n 
lighter colour, and leaves mercurous chloride when dissolvt'd in hydrocliloric acid ; by 
pndonged exposure to the light, it suffers further decomposition and yields metallic 
mercury. It is decomposed by water or dilute sulphuric acid, giving up ammonia, ami 
being converted into a wliito insoluble substance. In warm liydrochloric or nitric 
ju'id it dissolves, with formation of the corresponding mercury and ammcjuium com- 
}V)unds. Heated in a flame on platinum foil, it detonates with great violence. When 
heated in a stream of dry ammonia gas, it gives off 2 mol. water at 80®, leaving a 
light brown monohydrato, and at 100®, the remaining molecule, leaving the dark brown 
anhydrous oxide (NUg^)'^O. This anhydrous oxide dehmatos by heat, percussion, or 
friction. In contact with water it as.sume8 a lighter colour, but the water at the same 
time takes up ammonia. The trihydrato may also be converted into the anhydrous 
oxide by treating it with ammonia under such a pressure that the compound may be 
surrounded for a long time witli liquid ammonia. 

The corresponding haloid compounds cannot bo prepared by treating the oxide with 
aqueous acids, and only in an impure state by the use of alcoholic solutions of the 
acids. When mercuric chloride or iodide is subjected to the action of liquefied 
ammonia, in the apparatus above mentioned, a moiiomercuro-diammonium compound 
is first produced, which afterwards dissoh^es in ammonia, and on evaporation of the 
excess of ammonia, yields a crystalline mass, which, according to the observed increase 
of weight, may bo regEirded either as a monomercuro-diammonium compound, or as 
a dimercurammonium compound mixed with ammonium salt, its formation being 
represented by the equation 

2ngCH + 4NH‘ - 2N'-'H«Hga or NHg-'Cl + 3NH«C1. 

These compounds do not, however, admit of ipurification. Better results ara obtained 
l>y the use of mercuric oxychloride or oxyiodide. The oxychloride (obtained by heating 
a mixture of 3 mol. mercuric oxide with 1 mol. of the chloride to above 100®) yields 
dim^cur ammonium chloride in the form of a yellow body insoluble in excess of 
liquid ammonia : 

SHgO.HgCl* + 8NH* 2NHg*Cl 3(NH<)*0. 

This chloride, heated to 800®, is resolved into morciirous chloride, metallic morcui^, 
and nitrogen ; it is not attacked by water, cither of>ld or boiling ; is dissolved W cold 
hydrochloric acid after prolonged contact ; decomposed by cold potash-ley with loma- 
tion of potassium chloride and yellow explosive dimercurammonium oxide, and by 
boiling potash-ley or potassium chloride with evolution of ammonia and formatioo of 
mercuric oxychloride or chloride. 

Mercuric oxyiodide, SHgO.HgP, similarly treated yields a brown non-exploiive 
product, which when freed from excess of ammonia by heating to 100® in a stream of 
dry air, has the composition of dimercurammonium vdidct ana resembles the chloride 
in its properties. The corresponding bromide and cyanide have also bsen obtainsd j 
the cyanide is highly explosive. Mercuric oxychloride or oxyiodide heated III • 
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stream of ammonia gas is converted into amidated oxychlorid:, NH^Hg^ClO = 
NH''‘HgCl . HgO, or oxyiodide^ . HgO, whicli again arc converted by the action 

of liquid ammonia in a sealed tube into dimercurammonium compounds; c.g.^ 

NIPHgCl.HgO + 2N1I» == NHg^Cl + (NH^)«0. 

1MtllRCimZil.:LXXriI. This name is given by Rcicliardt {J. pr. Chem, civ. 301 ; 
Zeitachr.f. Chem, [2] iv, 734) to a volatile base having the composition of methyl- 
amine, which is obtained, together with ammonia, by distilling the seeds or other parts 
of Mecurialis annua or M. perennis with lime or potash and water. It is describe<l as 
liquid at ordinary temperatures, and strongly alkaline, and its sulphate and oxaluto 
are said to differ from those of mothylamine ; but it is probably nothing but iinpuro 
methylamino. 

nciXRCintT. The boiling point of mercury under a pressure of 760 mm. is 
357’26° (Regnault, Eelation des Expiriences,, Sic.). Its specific gravity at 4°, reduced 
to a vacuum and compared with that of water at 4°, is 13’594 (Balfour Stewart, Proe. 
Roy. Syoc. XV. 10); this determination agrees with those of Regnault and Kopp 
(iii. 584). 

Jtji heat-conducting power in the liquid statais 53*5 according to Calvert a. Johnson 
{Jahresh. 18G4, p. 169) ; 3o'4 according bo Gripon {Phil. Mag. [4] xxxii-. 647) ; that of 
silver being = 1000. Its coefficient of cubical expansion is 0'0d01812 (Matthiessen, 
JProc. Roy. Soc. xiv. 651). (See JIicat, p. 671.) Rognault’s experiments gave 0 00018153. 

J&malg'ams. According to Cailletcb {Bull. Soc. Chim. [2] viii. 299) the (amalga- 
mation of metals (including the zinc cylinders of galvanic batteries) may bo easily 
effected by dipping them into sodium-amalgam containing 0-5 p. c. sodium. 

Calvert a. Johnson {he. cit.) have found the following values for the heat-conducting 
powers of solid amalgams (silver — 1000) : 


IlgSn’ 

272 1 

ITgZn* . 

304*1 HgBi* . 

67-4 

.IlgSn* 

296*3 

HgZn’ . 

316*0 llgBi® . 

81*5 

IlgHn** 

. 302*5 

IlgZiP . 

378 7 IlgBi** . 

79-9 

LlgSn* 

332-3 

ligZrP 

409 1 UgBi*® 

737 


, Liquid amalgams containing excess of mercury were found to differ but little in 
h^ifcit-conducting power from pure mercury, altliough the percentage of tin varied 
from 10’5 to 22 95, that of zinc from 0 09 to 13*97, that of bisniutli from 17'55 to 
3473, 

Magnesium-amalgam is formed, according to Wanklyn a. Chapman {Chem. 
Soc. J. [2] iv. 141), by contact of mercury with magnesium free from oxide, slowly in 
the cold, quickly and with violence when the two metals are heated to the boiling point 
of mercury. In this amalgam the affinities of the magnesium are exalted, contrary 
to what takes place in the case of sodium -amalgam. Magnesium-amalgam containing 
0*6 p. c. magnesium swells up instantly in conbict with the air, and loses its lustre, 
decomposes water with violence, and more rapidly than sodium-amalgam containing 
twice that percentage of sodium. 

Phipson {Bull. Soc. Chim. [2] v. 243) observed that when 207 pis. lead, 118 tin, 
284 bismuth, and 1617 mercury were mixed together, the temperature of the amalgam 
fell from -f 17° to — 10*^. 

Sodium- Amalgam . — This compound easily reduces mercuric chloride, auric 
chloride, and the hah/id compounds of silver when laid in a thin slice on the pulverised 
substance placed in a test-tube together with a little water. Ferric chloride is partly 
reduced to ferrous chloride, partly to metallic iron, and with a sufficient quantity of 
the amalgam, complot<dy to metal, which remains as iron-amalgam. Chromic chloride 
suspended in very dilute hydrochloric acid is rediiced in like manner to liquid, easily 
decomposible chromium-amalgam, the liquid turning green before complete reduction 
takes place. Sodium-amalgam is well adapted for the reduction of chloride, ioflide, 
and bromide of silver. It acts but slowly on an ethereal solution of ferric chloride, 
and not at all on silver chloride under rock-oil (Bunge, Chem. Cmtr. 1866, p. 267). 

Bromiodide. ITgIBr. — Produced by heating mercuric bromide dissolved in 
acetone with an alcoholic iodide; also by crystallising mercuric bromide and iodide 
together from solution in ether or acetone ; and by adding iodine to a solution of the 
bromide in acetone. Forms beautiful yellow crystals melting at 229°, subliming 
without decomposition, and semrating in scales from solution in etlier, without altera- 
tion of colour (Oppenheim, Btut. chvm. Gcs. Ber. 1869,671; Zkiischr. f. Chem.\%'\ 
%.X55). 
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Ctilorides* For the prepiiration of mercuric chloride on the large eeiile, Wagner 
{Dingl, poL J. clxxxvi. 136) recommends: {«) Decomposition of basic mercuric 
sulphate {mineral iurpvtkum) by heating it with hydrochloric acid, whereupon 
mercuric chloride separates and sulphuric acid passes into solution (the acid liquid 
yields by evaporation a sulphuric acid containing mercuric oxide, and adapted for 
dissolving mercury). — (/ j) Digestion of the yellow mercuric oxide precipitated by 
caustic soda from the nitrate with magnesium chloride (the mother-liquor of the 
working of carnallite), the reaction being representcil b}' the equation : KgO + MgCl'^ 
= HgCL* + MgO. If the presence of potassium chloride in the moi*curic chloride is 
not objectionable, the solution of the carnallite may bo directly saturated with 
mercuric oxide. After the separation of the precipilatod magnesia, the liquid yields 
by evapomtb)n the salt KCl . HgCl* + ll-O. Wagner oljserves that this salt may bo 
used just as well as pure mercuric oxide for the pn'paration of rosaniline salts. 

Mercuric chloride prepared by sublimation in an atniosphcro of hydroehloric acid 
gas is quite free frt>m calomel. It may bo obtained by dissolving 10 pounds of 
luorcury in 12 5 pounds of sulphuric acid of C0° Bni., carefully evapon.ting the liquid, 
and subliming the residual mass of neutral and acid mercuric sulphate with 9 pounds 
of sodium chloride (H. Fleck, Bull. Soc. Chim. [2j viii. 39). 

According to Bonnewyn {Jhid. iv. 201), the presonco of an exlrtmoly small 
proportion of corrosive sublimate in calomel may bo deloctod by imnuTMug a clean 
knife-blado in the Ciilomel moistened with alcoliol or ether. If only 
corrosive sublimate is present, a black spot will be formed on the steel, very aifficult 
to remove by friction^ whereas if the caioim l is pure no such spot will be formovl. 

Debmy {Covipt. rind. Ixvi. 1339) finds tliat gold-leaf heated in vapour of calomel to 
410'^ retains its lustre and malleability, whereas when heated in vapour of mercuric 
iodide to the temperature at which that compound sutlers dissociation it becomes 
white and friable. Hence Debray concludes that mercurous chloride at 440'^ (the 
teinpomture at which Devillo a. Troost determino<l its vapour-density) is not resolved 
into metallic mercury and mercuric chloride, and that thorefuro its abnormal vapour- 
density (for the formula Hg'^Or-^) docs not result from dissociation. On the other 
liand, Erlonmeyer and Odling find that gold-leaf immersed in calomel vapour lieHto<l* 
to about the boiling point of mercury becoirjcs amalganiuted, showing that the 
mercurous chloride is at least part ly doeompo.so«l, with Hoj)aration of mercury. Krlen-^ 
meycr observes, how'ever, that this decomposition cannot decide the question ns to 
molecular woiglit of mercurous chloriclc, inasmuch as it may lake place either in tlifl 
manner represented by the equation Ilg'-^CF -- UgCF + ilg, or HgCl + HgCl «■ 
HgCF + llg (Jahresl). 1864, p. 286). 

Iodide. According to Oppenheim (Zci/fichr. j. Ckcm. [2] vi. 166), mercuric 
itnlide passes from the red to the y< llow modification at a temperature between 148'^ 
and 154®, probably nearer to the former. 

Ozldea, Mercuric oxide ;idded to melting pt)t:i«sium hydrate dissolves without 
evolution of gas; and if the addition be c.ontinued not quite to saturatioi:i, tho mass 
then slowly cooled and lixiviated with water, a heavy violet crystalliuo pow'dcr is 
obtained, consisting of K“O.HgO, and a lighter grey-groon powder of vartnblo com- 
position, containing from 2 to 5 p. c. potash. Similar results ere obtained with sodium 
hydrate (St. Meunier, Compt. rend. lx. 657, 1232; Jahresb. 1865, p. 277). 

Fonherg {Ann. Ch. Phya. [4] i. 300) finds, contrary to the sUitement of IT. Rose 
(iii. 909), that alkalis and alkaline earths arc separalwl by mercuric and by 
mercurous oxide, when tho saturated solutions of their haloid salts in hirge excess 
are agitated or boiled with tho oxide; the decomposition is facilitated by passing 
carbon dioxide through the solution. Tho oxygen -salts of these base^ are also 
decx)mposed in this manner, but with much greater difficulty. Those reactions appear 
also to have been observed by Melscns in 1819 (Ann. Ch. Phy». [3] xxvi. 220), who 
likewise found that a nentnil or slightly acid solution of potassium iodide becomes 
alkaline by agitation with air and metallic mercury together. 

Bulptiides. When a mercuric double salt, (2KCytS.HgCy*S* or 2NaCl.UgCl*), 
is heated with an equivalent quantity of eodium hyposulphite, black mercuric sulphide 
is precipitated as soon as tho liquid becomes acid; if tho hyposulphite is ub^ in 
excess, the mercuric sulphide separates in the form of cinnabar as long as tho liquid 
remains neutral; but on heating it above 60®, the black sulphide makes its appearance 
as soon as the liquid acquires an acid reactioiT. The reaction in the acid ^lotion («), 
and in the neutral solution (6), may be represented by the following equations : 


Sup. 


(a) HgCl* + Na*S*0* - HgS 
(5) HgfT* + 2Na'l8*0» « HgS 
.3 0 


+ 2NaCl + SO* 
2NaCl Na*S*0* 
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The formation of cinnabar under the conditions above mentioned does not take place 
in presence of strontium, calcium, or magnesium salts, but is accelerated by copper or 
zinc salts. When 1 mol. mercuric chloride is mixed with 4 mol. sodium hyposulphite 
and 4 mol. zinc sulphate in very dilute solution, and the mixture is heated to 45° or 
60° for about sixty hours, three-fourths of the mercury is separated from the neutnvl 
liquid as dairk red crystalline cinnabar, the rest at a higher temperature as black 
amorphous sulphide. If barium chloride be used instead of zinc sulphate, barium 
sulphate separates together with the cinnabar. In the ordinary mode of preparing 
cinnabar in the wet way, the transformation of the amorphous sulphide depends upon 
its successive solution in the alkaline sulphide, from which it separates in the 
crystalline form. The presence of sodium hyposulphite does not facilitate, but rather 
hinders this transformation (H. Fleck, J. 'pr. Chem, xeix. 247). 

The solubility of mercuric sulphide in the sulphides of the alkali-metals and 
alkaline-earth metals may bo made available for the extraction of the sulphide from 
its gangue, and especially for the valuation of poor cinnabar ores (contiining 2 to 
S p. c. cinnabar). The best solvent for the purpose is a solution of barium sulphide, 
containing about 60 grms. of barium in a litre, obtained by dissolving crude barium 
sulphide in water, and crystallising out the greater part of the barium hydrate. The 
mercuric sulphide is precipitated from the solution of hydrochloric acid (whereby 
barium chloride is obtained as a secondary product), and decomposed in the ordinary 
Way, For the assay of poor bituminous ores, the bituminous matter must first bo 
extracted by benzol, the ore then well dried and exhausted with barium sulphide, and 
the precipitate thrown down by hydrochloric acid freed from admixed sulphur l)y 
digestion with carbon bisulphide (Wagner, J, pr. CJiem. xcviii. 23 ; Jahresh. 1866, 
p. 834). 

Cinnabar digested for a day with excess of a solution of iodme in potassmin iodide 
is converted into potassio-morcuric iodide : HgS 2KI + P = 2KI . Hgl-^ -f S. 
The diminution of the free iodine affords a measure of the quantity of mercury 
dissolved (W'^agner, loe. cit.). 

The black precipitate formed in merenrons salts by hydrogen Bvlphide^ or colourless 
ammonium Bulphide^ is not a definite compound, but a mixture of mercury and 
mercuric sulphide, from which nitric acid extracts the metallic mercury, forming 
either a mercurous or a mercuric salt, and in the latter case the white double 
compound Hg(NO*)*.2HgS. This double compound is nearly insoluble in nitric 
acid, and forms with hydrochloric acid the yellow compound lIgCP.2HgS, which 
decomposes when heated in the liquid, with formation of sulphuric acid and separation 
of sulphur; sulphuric acid of medium strength converts it into the white salt, 
HgS0^2HgS. Mercuric sulphide, which under ordinary circumsbxnces is insoluble in 
nitric acid, is likewise converted by prolonged heating with that acid into the white 
compound Hg(NO^)-.2HgS. Mercuric sulphide is insoluble in sodium sulphydrate, 
and consequently its solution in sodium sulphide is precipibited by hydrogen sulphide 
or ammonium sulphydrate. It appears from the preceding that the separation of 
mercury as sulphide from other sulphides of the same group by nitric acid is exact 
only when the mercury is present as mercuric sulphide (Barfoed, Bull, Soc. Chim. [2] 
iii. 183). 

2W[S!RCirRY«-llimZCXiX3S, OltOAJfZCh Mercuric ethide is rapidly decom- 
posed at temperatures near its boiling point by carbon oxysulphido, metollic mercury 
being separated, and a liquid having a strong alliaceous odour being formed, probably 
ethyl thiopropionate (Than, Z^itschr. f. Chem, [2] iv. 56). 

Merourlo acetoxjrmetbide, C’II®0*Hg = is produced by heating 

mercuric methido with acetic acid to 120°-130° in a sealed tube. It crystallises from 
hot glacial acetic acid in shining, white, thin, rhombic tables, melting at 142°-143°, 
having an offensive and very persistent odour, nearly insoluble in boiling water and 
cold acetic acid, more soluble in hot acetic acid and in alcohol. It volatilises with 
vapour of water, and reacts with hydrochloric acid, ammonium sulphide, and iodine, 
like the corresponding compounds of the aromatic series described below. Mercuric 
acetoxeihide resembles the methyl-compound, and melts at 178° (Otto, Zeitschr.f. Chem. 
[2] vi. 26). 

MCeronHc ITaplitliarlKia. Hg(C*?H’)* (Otto a. Mdries, Ann. Ch. 'Pharm. cxlvii. 
164 ; Zsitsekir. f. Chem. [2] iii. 377 ; iv. 162 ; Jahresh. 1867, p. 716). — This compound 
is easily and abundantly formed by the action of sodium-amalgam on monobrorno- 
naphthalene ; 

2C*»n^Br -t- Na*Hg = Hg(C‘®ir)* + 2NaBr. 
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A solution of bromonapjbthaleno in several times its volume of coal-tar nanhtlia 
boiling between 120^ and 140° is boiled for about nineteen hours with pasty sodium- 
amalgani, in a flask having an upright condenser, and the liquid is filtered hot, 
whereupon the mercuric naphthide crystallises out almost completely. After recry- 
smlli«tition from benzol or carbon biBiilphido, it forms small white crystals, appearing 
under the microscope as rhombic prisms tonninatod l)y four-aided pyraniids. It is 
iiKxlorous, unaffected by air and light, insoluble in water, slightly soluble in boiling 
alcohol, cold benzol, or ether, more easily in hot carbon bisulphide, chloroform, and 
benzol. It melts at 243° and decomposes at a higher temperature, depositing small 
quantities of charcoal and mercury, and yielding an oily crystallising distillate. Hy 
ignition with soda-lime it yields naphtlialoiie, together w'ith anotlier hydrocarbon 
crystiillising in canary -yellow lamime, and melting at 133°. Heated wi*th concen- 
trated hydriodic, hydrobromic, or hydrochloric acid, it is resolved into tuiphthalone 
and mercuric iodide, bromide, or chloride. With iodine it unites directly, forming 
naphtho-mercuric di-iodide, (C“*IH)‘^HgP, M’hieh on further addition of itxUno is 
resolved into mercuric iodide and iodonaphthalone, C'"!!’!. 

/I— C'W 

^"aphthomer curie Di- (C“‘ll’)*llgl- = Ilg,^ 1 (the iodine being 

\ I— C'oiP 

trivalent), is prepared by mixing the solutions of 1 mol. mercuric naphthylide and I mol. 
iodine in carbon liisulpliido, distilling off the latter, and rccryslalliHing the residue 
from hot alcohol. It form.s soft satiny needles or dendritic groups, not altered by 
light, insoluble in water, slightly soluble in hot alcohol, chloroform, benzol, and carbon 
bisulphide, melting at 185°, and resolved by ignition with lime into naphthalene, 
iodine, and mercuric oxide. 

Jiromine acts on mercuric naphthylide in the same manner as iodine, forming in the 
first instance a crystalli sable dibromido, whicli is decomposed by more bromine into 
brumonaphthalono and mercuric bromide. 

Mercuric Acetoxynaphthlyide^ C’21I‘"HgO* «=• Hg is prod ucoil, 

together with naphthalene, by heating mercuric naphthylide with excess of glacial 
acetic acid : 

IIg(C’<'H0^ + HOCHPO = C'^IP + HgKC'^HOCOC^IPO). 

On mixing the solution with a largo quantity of hot water, and crystallising the 
resulting white precipitate from hot alcohol, naphthalene separates out, wliile mercuric 
acetoxynaphthylido remains in solution, and may be obtaineil by evaporation, prolonged 
heating, and recrj'stallisation. It is insoluble in water, easily soluble in hot glacial 
acetic acid, alcohol, carbon bisulphide, benzol, and chloroform, loss soluble in ether; 
crystallises in small needles appearing under the microscope as flat rhombic prisms or 
tables; molts at 164°, and decomposes at a higher tomporsituro, depositing charcoal, 
and yielding an oily distillate which quickly solidifies. With hydrochloric, hydriodic 
acid, &c., it reacts like mercuric naphthylide. It is not decomposed by heating with 
water to 140°, with ethyl iodide to 160°, or by sodium-amalgam, zinc, copper, or tin 
at ordinary temperatures ; neither does it unite with mercuric chloride. 

MCerourlo Plienyllde. ng(C*II‘)* (Dreher a. Otto, Zeitechr, f. Chem, [2] iv. 
686 ; vi. 9). — This compound is prepared, like the naphthylide, by heating a mixture 
of monobromobenzene and anhydrous benzol (B. 1\ 100°-120°-140°) with txvsty 
sodium-amalgam ; the reaction may, however, be considerably facilitated by addition 
of a little acetic et her (-^ of the weight of the bromobenzeno). 

Mercuric phenylide crystallises from a hot-saturated benzol -solution in small, white, 
vitreous, asbestos-like needles ; from a dilute solution in white rhombic pi^isms <>ften 
united in tufts. It is insoluble in water, easily soluble in chloroform, carbon bisul- 
phide, and benzol, less easily in ether and boiling alcohol, slightly in cold alcohol. 
Melts at 120°; sublimes without decomposition when cautiously heated in small 
quantities ; boils when heated above 300°, and distils, with formation of benzene and 
diphenyl, and separation of mercury and charcoal ; probably thus : 

8Hg(C«H‘)* - 6C*K* + Hg* + C* 

and 

2C®H* * + H*. 

It is quiddy decomposed by dry hydrochloric ncirf aas, or by heating with the 
concentrated aqneous acid, into benzene and mercuric chloride : 

Hg(C*H*)* + 2HC1 « 2C*H« *f Hga*; ^ 

and reacU in a similar manner with hydriodic, hydrobromic, nitric, sulphuric acid, 

3 o 2 
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Heated with 2 at. mlpAur above the melting point of the latter, it yields mercuric 
sulphide and phenyl sulphide, together with a small quantity of phenyl suJphydratc; 

Hg(Cm^)'^ + ^ HgS + (Cm‘^)^S. 

A solution of mercuric phenylide in alcohol or carbon bisulphide acted upon by 2 at. 
iodine yields phenyl iodide and mercuric iodopheny lide : 

HgCC-H*)® + P = C-H^I + 

With 4 at. iodine the products are phenyl iodide and mercuric iodide : 

Hg(C«H^)^ 4- I" - 2U‘‘H I + Jlgl®. 

Mercuric lodophenylide crystaUised from boiling benzol, or a mixture of benzol and 
absolute alcohol, forms white satiny rhombic tables, not altered by light, melting at 
265°-266°, insoluble in water, nearly insoluble in cold alcc)hol, ether, and benzol, 
more easily in hot benzol or chloroform, still more in cjirbon bisulphide. Hcatetl 
above its melting point, it partly sublimes unaltered, and is partly decomposed, with 
separation of mercuric iodide. 

Mercuric Bromophcnylide, Hg] * obtaine*! in like manner, resembles 

the iodine-compound in the form and lustre of its crystals, and in its relations to 
solvents ; melts at 291*^; and is converted hy excess of bromine into mercuric bromide 
and phenyl bromide. . . 

Mercuric C hlor oph eny lide is obtained by slowly passiug chlorine, not lu 
excess, over mercuric phenylide, or into a solution of that compound in carbon 
phide ; more easily, however, by heating mercuric phenylide with mercuric chloride to 

no® in sealed tubes: Hg(C«H‘)2 ^ HgCP = The iodine and bromine 

derivatives may be obtained in a similar manner. Mercuric chlorophouylid.' 
resembles the two preceding compounds, and is likewise decomposed in a similar 
manner, though less readily, by excess of chlorine, llypochlorous acid acts upon 
mercuric phenylide in the same manner as free chlorine. 

Nascent hydrogen^ evolved by sodium-amalgam in alcoholic solution, convctrt.s 
mercuric iodophenylido into mercuric phenylide ; thus : 

2ng(C«H0I + - 2UI Ilg lTg(CTI')“. 

In contact with anhydrous benzol, sodium-amalgam acts up *n mercuric iodophenylido 
in the same manner as nascent hydrogen ; 

2Ug(C“H‘)I + Na* = 2NaI + ITg + irg(C°H'')2; 

hut free sodium unites with the mercury of the phcnyl-Cfmi pound, producing sotlium- 
amalgam, sodium-iodide being also formed, together with a brown organic product 
which does not dissolve in the ordinary solvents. 

Mercuric bromophenylide, boiled for some time with alcoholic solution of potassium 
sulphide, is decomposed in the manner shown by the etjuation ; 

2ng(C«H»)Br + K^S = 2KBr + HgS + 

Mercuric Acetoxyphenylide^ Hgj q^ 3 q.,, is formed, like the corresponding 
naphthyl-compound, by boiling mercuric phenylide with several times its volume of 
strong acetic acid ; 

ng(c«H“)“ + cni'0‘ = CTi* + 

The product separated from the solution by w’ater and crystallised from hot water, 
forms small, white, inodorous, vitreous, rhombic prisms, mostly in radiate groups ; 
melting at 140°, slightly soluble in cold water, more easily in hot water, strong acetic 
acid, benzol, and alcohol. Similar compounds are formed with acetic and propionic 

aeida. ... . , i- 

Mercuric acetoxyphenylide is decomposed by distillation, yielding benzene, acetic 
anhydride, acetic acid, and diphenyl, t<^ether with free carbon and mercury. Boiled 
with aqueous hydrochloric acid, it yields mercuric chloride, benzene, and acetic acid : 

Hg(C«H»)(C2H*0*) 4- 2HC1 = HgCl* + C*H« CHI^O. 

Hydriodic, sulphuric, and other acids act in a similar manner. With nascent 
hydrogen, generated by sodium-amalgam in tlie alcoholic solution, it yields mercury, 
benzene, and acetic acid : 

Hg(C«H‘XC*H»0*) H* = Hg -I- C*H* + C^H'O*. 



MESACONIC ACID--MESIDIC ACID. 821 

In aqueous solution it is docomposod by iodine, yielding mercuric iodide, ubonyl 
Iodide, acetic acid, and iodic acid. Perhaps Simutjsonbergor's acetate of iodine. 
(C-H*0)I0 (p. 25), is first formed ; 

Hg(C-H^)(C2ir»0*) + I* = IlgP + C-Il'I + (C*H»0)I0; 
and then decomposed by the water, in the manner shown by the equation: 

3 (CTro)io + 311*0 = 2 DI + mo» + scni^o^* 

An alcoholic solution of mercuric acetox^’phenylido is decomposed by hydrogen 
sulphide into mercuric sulphide, benzene, and acetic acid : 

Hg(C«II'‘)(C^n^O0 + ir^S ^ HgS + CW + C=IPO*; 
in like manner, but more quickly, by heating in a sealed tube with amnumiutA 
sulphide. 

' oip 

Merourio Tolyllde. lIg(C*IP)- or (Drehcr a. Otto, loc. 

Obtained, similarly to the phenyl 'Com pound, by the action of sodium -amalgam on 
bromotoluene. Beautiful white rhombic tablets, having a nacreous to adamantine 
lustre, insoluble in water, slightly soluble in cold alcohol, more freely in hot benzol, 
chloroform, and carbon bisulphide. Melting point 235®. It appears to he analogous 
in all its reactions to the phenyl-compound. By boiling with hydrochloric acid it is 
resolved into mercuric chloride and toluene, + 2HCI «= llgCl'-* -t- 20^11“. 

^Vhen carefully heated, it distils almost without decomposition ; but on passing its 
vapour through a rod-hot tube filled with pumice, it is resolved into mercury, carbon, 
toluene, and an oily body, probably ditolyl. Treated with 2 at. iodine, bromine, or 

C*H* CH* -- 

c/dorine, it is converted Into mercuric iodotolylido, J^IIg, &c. ; by 4 at. 

iodine, &c., into mercuric iodide and iodotoluene, &c. 

Mercuric lodotolylide forms white rhombic tables having a satiny lustre, insoluble 
in water, slightly soluble in boiling alcohol, more freely in hot benzol ; molting at 
120®, and subliming without decomposition when cautiously heated. 

Mercuric Acetoxytolglidc, Ilg(C’lP)(C>^H®0^), prepared like the j>hcnyl -compound, 
forms small, white, "^shining, rhombic prisms, melting at 153°, nearly insol ul>lo iu 
c )ld water, sparingly soluble in boiling water, more easily in alcfdiol, carbon biaul- 
jiliide, and benzol. With acids, hydrogen sulphide, and iodine, it reacts like the 
plienyl -compound. 

Mercuric Bensylidc, isomeric with mercuric tolylidc, and reprcBonlod by tlun 
formula produced by the action of sodium-amalgam either 

on benzyl bromide or on benzyl chloride. A compound, ITg(C^H^)*, called by this 
name, was descri bod in 18G5 by Campisi {Compt. rrwrf, Ui. 86) as crystallising in 
white needles, melting above 200°, soluble iu other, and slightly soluble in alcohol ; 
but its mode of formation is not given. 

MCBSACOirZC A.CX3>. C^1I*0’ (iii. 928). — This acid repeatedly heated to 160° 
with very strong hydrochloric acid is converted into mcsamonochloropyro- 
t artari c acid, C®HT^10‘. The latter separates in small shining crysbils, much more 
soluble than mosaconic acid, melting at 12v>°-130°, and decomposed by boiling with 
water into hydrochloric and mesaconic acids ; by bases with formation of crotonic 
acid (Swarts, Jahresb. 1866, p.*407). 

MnssZBZC AOZD. C^U^O* = C’H*(CO H)* « iyn*(CH*)(COm)^ .(Fittig a. 
von Furtenbach, ZeiiscAr. f. Ckem, [2] iv. 1). — An acid intermeaiato in composition 
between mesitylenic acid, and trimesic acid, C*H*0*. It is produced bv 

oxidising mesitylenic acid with chromic acid mixture ; perhaps also, tc^ther with 
mesitylenic acid, in the preparation of the latter by the action of dilute nitric acid on 
mesitylene. It is nearly insoluble in cold water, very slightly soluble in hot water, 
more easily in alcohol and ether. From boiling water it crystallises in colourless 
slender needles, from alcohol in indistinct groups of very small crystals. It melts at 
287°-288°, and solidifies again at 286°. 

Mesidic acid is bibasic. Its potassium salt, C*H*0*K*, crystallise from alcohol in 
shining laminse very soluble in water. The silver salt, G*H*0‘Ag*, is nearly insoluble 
in colcf water, and crystallises from boiling water in colourless dendritic groups. The 

* The ennatUm siven in the orlgiiMl memoir for the seiton of water on acetate of lodiiie is 
Inoorract. 
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hfiriumsali C®H‘‘0‘Ba + H'^O, is a white caullflowcr-Iike crystalline mass, easily 
soluble in water. The calcium salt, C»H«O^Ca + H*0, forms small, colourless, 
silverv crystals, less soluble than the barium salt. The neutral solution of the 
ammonium salt forms with cupric sulphate, lead uitrate, feme chloride, and zinc 
sulnhate bulky precipitates slightly soluble in cold water ; no precipitate with mckel 
salts hhi/l mesidate, C»H*0 * . is a colourless radio-crysUlline mass, insoluble 

in water, soluble in all proportions in alcohol, melting at 36°, and having a groat 

tendency to remain liquid. + ^ 

Mosidic acid is identical with uvitie acid producwl by tho action of baryda-water on 
pyroracomic acid (v. 971). The same acid is fiu-med by heating the potassium salt of 
dilorotoluene-sulphuric acid with potassium cyanide whereby toluyleiie cy^au.de, 
C’HHCNV'* is obtained, and distilling this compound with potash: O + 

SH^O = 2NH® + C^H''(CO*Il)* (Irolan, Zeitschr. f. CJiem. [2] v. 612). Heated 
with soila-limo it yields toluene; 9“H»0> = 2CO^ + CTO (fticycr, iiirf. iy. 119). 
By prolonged oxidation with chromic acid it is converted into trimesic acid. 

The relations of this acid to mesitylenic and trimesic acids are indiciitcd by the 
following formulae : 


(CII* 

C«nMCll» 

(cii* 

Meaitylcue. 


fCIP 

C^-IP I CIP 
( o'^n 

Mesitylenic acid. 


(CIP 

CHPJCOHI 

ICO'^H 

Mesitlic acid. 


(Coni 
c«ii» coni 
com 

Trimesic acid. 


KS8ZBXXVE or Al«IB01«I!SmrX.EN'r. See MEsriYLEyE, under Bknzenk, 

Homolooues of (p. 300). 

2VZBSZTIC COlWCPOtTN’DS (Baeycr, Aom. C% Pharm. cxl. 297; Jahresh. 186G, 
p 308).— When acetone saturated with hydrochloric acid gas is left to itself for 8 to 
14 days, and then mixed with a large quantity of water, a heavy brownish oil sepiirutcs 
consisting chiefly of hydrochlorides of mesityl oxide and phorono. On decomposing 
this oil with alcoholic potash in a cooled vessel, and subjecting the non-chlormated oil 
procipitiitcd by water to fractional distillation, tho portion whidi boils at MO yields, 
after washing with water, drying with calcium chloride, and rectification, pure m esi ty 
oxide, Cm*“0 (iii. 929), as a colourless liquid smelling strongly of peppermint and 
boiling at 130'’. On ctircfully mixing it with phosphorus penbichlorido till the latter 
is dissolved, and then pouring the gently warmed liquid into a large quantity of water, 
the chloride separates as a heavy oil not volatile without decomposition. 

This chloride smells strongly like turpentine oil, resinises on exposure to the air, and 
is decomposed by alcoholic potash-solution, with formation of various product.®. y 
distillation over potash, baryta, or lime, it yields the chloride C®II®C1 as a mobile 

colourless liquid having an odour of turpentine, and boiling at 130° 

Nitric acid acts violently on mesityl oxide, forming a yellow resm and an oil smelling 
like nitrous ether. When mesityl oxide diluted with several times its volume oi 
alcohol is treated with sodium-amalgam, the odour of peppermint disappears, and wa tr 
then separates from tho liquid a Ci>lourless oil which smells like camphor and decom- 
poses at about 150°, yielding, together with water, a liquid smelling 
boiling at about 206°, and having the compe^sition of me si tic ether, O 11 u - 
(C«H“)*0.* Tho oil produced from mesityl oxide by tho action of sodium-amalgam, is 
regarded by Baeyer as mositi c alcohol, C«H‘’0 or C^H'^OU, which is converUd by 
distillation into the ether ; 2C«H>'-'0 = 11*0. By simple distillation, or 

more easily by di.stillation with lime, mesitic ether is decomposed, with formation oi 
higher condensation-products ; by distillation with zinc chloride, hydrocarbons are 
obtalno<l which have not yet been examined. 

lIKESXTXrXiSM'B* — See Benzene, Homolooues of (p. 298). 

MaSXTYI.B»IB-SVX.PKU»XC or 8tTX.PH01WaSXl?YX.XC ACXB (p. 300). 

fCH* 

lMtB8XTTX.BXrXC AOXB. CH* (Fittig, Ann. Ch. Pharm.CxX^^ 

ICOOH 

129 ; Jahresb. 1866, p. 010. Fittiga. Bruckner, ZeUschr.f. Chem. [2] iv. 498; ; 

1867, p. 705. Fittig a. Hoogowerff, Zeitschr. f. Chem. [2] v. 169). — An acid isom 
with xylic acid, and related to mcsitylcne in the same manner 
toluene. It is producer! by boiling mosityleno with dilute nitric acid (I vob nitnc 
of sp. gr. 1'4 and 2 rol. wker) for 16 to 20 hours, and passes over with the wawry 


' * l^ormerly called mesitic camphor by Bacycr {ZeiUchr,/, Chtm, [2] i. 818). Altogethat 
great conf^on in the names of Uiese compounds. 
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rapours. After complete oxidation, the liquid diluted with a large quantity of water 
is repeatedly distilled as long as crystals collect in the condensing tube and the acid 
suspended in the distillate is collected on a filter. The portion which still remains 
dissolved is obtained by neutralising the filtrate with sodium carbonate, evaporating, 
and decomposing with hydrochloric acid. For complete purification, the product is 
boiled with a small quantity of tin and strong hydrochloric acid (to decompose a nitro- 
compound) ; and the portion which remains undissolvod on cooling is dissolved in 
5 (xlium Ciirbonate, precipitated at the boiling heat by hydrochloric acid, and crystal- 
lised from alcohol. The formation of mcsityleiiic acid is represented by the equation; 

(joi£i 2 ^-03 = + ir*o. 

Mesitylenic acid dissolves very sparingly in water, very easily in alcohol, and 
crystallises from the latter in large well-defined mon<K*linic crystals. When the hot 
dilute alcoholic solution is mixed with boiling water till perinancut turbidity is pro- 
duced, the acid crystallises in broad lamime and needles, very much like bontsoic acid. 
It melts at 166°, and sublimes without decomposition even below its melting point. 
By boiling with chromic acid mixture it is oxidised to tri mcsic acid ; 

C»IF«0* + 0“ = CIFO® + 21120. 

Heated with quick lime it is resolved into carbon dioxide and isoxylono : 

= 00'-* + CHI'". 

Mesitylenic acid is monobasic. All its salts are more or loss soluble in water. The 
sodium ealt, C^lPO^Na, is easily soluble in water and alcohol, and remains on evapora- 
tion as a white non-crystalline mass, or us a gradually crystullising syrup. Tho silver 
salt, C®ll“02Ag, is formed in a somewhat concentrated solution, as a precipitate con- 
sisting of email needles which may bo rocrystallisod from hot water. The calcium salt, 
2(C®Il”0-)2Ca + H^o, forms crystalline crusts not more soluble in hot than in cold 
■water. The barium salt, (ClPO^y-^Ba, forms silky prisms more soluble than the calcium 
The 7nagncsinm salt, (CHPO'^y-'Mg + 6H'*0, crystallises in groups of monoclinic 
jirisms not n.uch more soluble in hot than in cold water, easily soluble in alcohol, in- 
soluble in ether. The zinc salt, (C’'IIW)'^/jn, crystallises in laminin or small noodles 
sparingly soluble in water; the nickd in light green sparingly 

Soluble crusts ; the nxanganese (CHPO^y-Mn, in flosh-colourod scales. The eihylic 
ether, C'*H“02 . C^H^, is a colourless liquid heavier than water, insoluble therein, easily 
soluble in alcohol, smelling like oil of roses; it boils at 211°, and solidifies in the 
crystalline form when cooled below 0°, 

Cbloromesltylenlc acid, C^H^CIO*, produced by boiling chloromesitylono with 
dilute nitric acid, is but sliglitly soluble in water oven at tlio boiling heat, easily 
soluble in alcohol. Heated above 200°, it turns brown without melting, and may be 
sublimed without decomposition. The barium salt, (C"H"(’]02)2Ba + 41P0, crystal- 
lises in hemispherical groups of slender cohuirloss needles slightly soluble in cold 
water. The calciam salt, (C^H^ClO^JCa + Sll^O, furms tufts or fan-shaped groups of 
flattened needles moderately soluble in hot water (Fittig a. Hoogeworif). 

iritromesltylenio acid, C*H‘'(N02)0*, is formed by dissolving mesitylenic acid in 
fuming nitric acid, and occurs ns a secondary product in the distillation-residue of the 
preparation of mesitylenic acid ; it may bo purified by precipitation from the sodium 
or barium salt with hydrochloric acid, and rocrystallisation from alcohol. It is very 
sparingly soluble even in hot water, but dissolves easily in alcohol, and separate* 
from the latter in large crystals, mostly having the aspect of rhombohedral tables ; 
from a solution diluted with hot water, in broarl laminse. It melts at 218°, and 
sublimes even below that temperature in long needles. 

Sodium Nitromesitylenate, C«H»(N0»)02Na, is deliquescent, and crystallises from 
alcohol in indistinct prisms. The silver salt, C*H*(NO*)0*Ag, is a flocculent precipi- 
tate slightly soluble in boiling water, and separates therefrom in noodles. The barium 
»alt, [C*H*(N0®)0*]2Ba, crystallises by slow evaporation from the cohl solution in 
largo hard needles containing 3 mob water ; from hot-saturat^ * 

yellow CTystalline powder containing 1 moL water. l[h^€alciu?ns€Ut, [C*Ix*(NO )0 J Oa, 
is also sparingly soluble, and resembles the mesitylenat© in nearly all its property*. 
The magnesium salt, [(^•H^CNOOO^pMg + forms indistinct jrisms insoluble 

in ether, very soluble in alcohol, moderately soluble in water, The etnyftc 
C*H»(NO*)0*.C*H*, is insoluble in water, and crystallises from alcohol in short prisms 
melting at 72^. 

AnsidotaMitylento add, produced by heating nitromesityleme 

^id with tin and concentrated hydrochloric acid, Is sparingly solubls in vrater, 
io hot alcohol, also in acids and in alkalis ; crystallises in long oeedles, melts at 23s , 
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and decomposes at a higher temporatiiro. It unites with hydrochloric acid, forming the 
compound C®IP(NH'0O’^ . HCl, which ci^’stalliscs from excess of hydrochloric acid in 
long needles, and is decomposed by heating its aqueous solution, with separation of free 
amidomositylenic acid. 

Mesltylenamide, C^II^O.NIP, is obtained by gently heating 1 mol. mesitylenic 
acid with rather more than 1 mol. phosphorus pontachloride, adding the product to 
strong aqueous ammonia, washing the resulting crystalline pulp with dilute ammonia, 
and recrystallising from boiling water. It crystallises in long needles ; melts at 133° ; 
sublimos without decomposition ; dissolves sparingly in cold, more easily in boiling 
water, also in alcohol and ether ; and is decomposed by alkalis into ammonia and 
mcsitylenate. 

(OH 

Oxymesitylenlc acid, = C*Il--{ (CIP)^, is produced by heating the dry 

{ com 

potassium salt of mesitylene -sulphuric acid with three times its weight of potassium 

hydrate to 240°-250° : 

^ 

+ 3KUO = C^UMCCIP)" + K’^SO’ + 3H. 

« y ( CO=K 

PoLosaium mcBitylcnc- Dipotassic 

BiUphate. Oxymesitylenate. 


Part of the oxymesitylenate is at the same time converted into the pohissium-com pound 
of isoxylylic phenol, C"H'(0IP)2O, which is moreover the chief product obtained when 
the temperature is raised to 280°: 


cm^ 


-f KHO - CHI* + K^CO*. 

co-’K 


On dissolving the cooled mass in water, acidulating with sulphuric acid, and distilling, 
a small quantity of isoxylylic phenol passes over at first with tlie vapour of water ; and 
if the distillation be continued as long as suddenly solidifying oil-drops appear in the 
condensing tube, the residual liquid repeatedly agiUited with ether, and the ether eva- 
porated, oxyracsitylenic acid is obtained as a dark-coloured crystalline mass. It may 
bo purified by repeated solution in sodium carbonate, precipitation with hydrochloric 
acia, conversion into barium salt, repeated crystallisation of this salt from water, 
separation of the acid therefrom by liydrochloric acid, repeated crystallisation from 
alcohol, and final sublimation. 

Oxymesity Ionic acid melts at 176^^; sublimes without decomposition in broad 
dazzling white needles nearly an inch long, insoluble in cold, slightly soluble in hot 
water, very soluble in alcoliol and ether; and crystiillises from dilute alcoliol in long 
silky needles. The aqueous solution of the acid or its s;Uts acquires, on addition of a 
drop of ferric chloride, a very deep blue colour with a faint tinge of violet, changing 
to dirty yellow at the boiling heat. Free acids and alkalis interfere with this reaction. 
Barium oxymesitylenate, (C*II‘‘0*)''Ba -i- 6IPO, forms compact groups of hard shining 
laminae, very soluble in hot, moderately soluble in cohl water, turning brown at 110° 
and black at 130°. The caloiinn salt, (C®H®0’)*Ga + 511^0, crystitllisos in dense tufts 
of colourless needles easily soluble in water, especially at the boiling heat, somewhat 
more permanent than the barium salt (Fittig a. Hoogewortf). 

MZSSOSZSIS&XTB. This name is applied by O. Rose to meteorites consisting 
of nearly equal portions of metal and silicates {Ilesckreibung und EintheUung dir 
Meteoriten, Berlin, 1861 ; Jahresb, 1863, p. 909 ; 1865, p. 945). 

MBSOBilBZC ACXn. C>IPO\ — This acid, originally obtained, together with 
urea, by boiling alloxan or alloxanic acid with alkalis (iii. 932), is also produced by 
oxidation of amidomalonic acid, €,g. by treating that acid with iodine and water 
(iv. 115): 

C>H>(NIP)0‘ H^O + V ^ + III -i- NH'I. 

On the preparation of mesoxalic acid from alloxan, see Deichsel {Bert. Akad. Ber. 
1864, p. 687; Jakresb, 1864, p. 640). It crystallises from a syrupy solution 
evaporated at 40°-50°, and finally over sulphuric acid, in prismatic crystals, 
C*]a^O* . H*0, very deliquescent, easily soluble in alcohol, melting without loss of 
water at 115®, and resolidifying at 66°. It has a strong acid taste and reaction ; 
decomposes in concentrated aqueous solution at 70°-80° ; forms with barium and lead 
acetate, flocculont precipitates which gradually become crystalline ; and after neutral- 
isation with ammonia, is precipitated by barium and calcium salts, also by silver 
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nitrate and mercurous nitrate. The following mesoxalates have been oxamiuod by 
Deichsel : 

Ammonium salt . C*0*(NH')5, granular cryetals, turning red in the air. 

Sixlium salt . + IPO, thin himinse easily soluble in water. 

Silver salt . . C*0'Ag^ 4 H-'O, amorphous yellowish precipitate composed 

of microscopic needles. 

Barium salt . 2C®O^Ba + SlI'^O, mioniscopic crystals, nearly insoluble in cold, 

slightly soluble in hot water, becoming 
anhydrous at ITO^-ISO®. 

Lead salt . . CWPb.rbll'O^ nearly insoluble in waiter. 

FAliylvc Af esoxala f €, .{C'^lVy + I1*0(?), is formed by treating the silver salt 

with ethyl iodide and alcohol, as a yellow'ish non-volatile oil, dissolving easily in 
water, with formation of mosoxalic acid. With ammonia it forms a crystallisable 
amide which turns red on exposure to the air. 

Mesoxalic acid in dilute aqueous solution treated with S'xfium-amalqatn, finally at 
800-90^ is converted into tartronic acid, C*ll*0\ The silver 8a\t boiled with 
waiter is resolved into cjirbonic acid, oxalic acid, ami metallic silver, a reaction 
which may serve for the detection of mesoxalic acid (Deichsel), 

On the relations of mesoxalic acid to uric acid and its derivatives, see Uuic Acid 
(v. 958). 

aClSTABXirSRZTlI. A calcic orthophosphate, rO‘CiiH + JH'O, occurring in 
monoclinic crystals in the guano of Sombrero (Julion, SUL Am. J. [2J xl. 367 ; 
Jiihrcsh. 1865, 909). 

KfiTACOPAZVZO ACZD. See Copaiba (p. 490). 

MSTABJEMOOZiOBZir. A compound of an albuminous substanco with a 
brown colouring matter, produced by the decomposition of hemoglobin when a con- 
centrated solution of that subsbinco is loft to itself at ordinary temporaturos, or 
evapomtod to dryness at a temperature above KK)"^. The brown colouring mntter 
resembles bnematin in its optical characters, hut differs from it in its solubility 
in water and in dilute acids. The albuminous sub.stanco resembles serum albumin 
(lloppo-Soyler, Zciischr. /. Chern. 1865, 218 ; Jahreah. 1865, 668). 

IMtBTAPBCTZC ACZ3>. This acid, prepared from mangold-wurzol, is described 
by C, Scheibler (ZcUschr. f. Chem. [2 | iv. 433). 

MBTA8ZZ.ZCZC ACZB. See Silica. 

MBTBACBTBZC ACZB. C‘ID0‘^ (Franklan<l a. Duppa, Chmn. Soc, J. [2] iii. 
133). — An acid isomeric with crotonic acid, obtained in the hirm of an ethylic ether 
by the action of phosphorus trichloride on ethylic dimetlioxalate : C^IDO* — H*0 <» 
C^IDO*. (See Acids, Oboanic, p. 41 ; also iv. 273.) By boiling the ether thus 
produced with alcoholic p<jtash, and distilling the resulting potassium salt with 
sulphuric acid, methacrylic acid is obtained as a colourless oil, not solidifying at 
having a faint odour of pyrogallic acid, and a slning aci<i reaction. Ita salts exhibit 
the same tendency as those of the other acids of the acrylic series to give up their 
acid on evaporation. The silver salt is a white precipitate not much affected by 
light. The barium salt is gummy, very easily soluble ; the copper salt mwlorately 
soluble in water. 

Methacrylic acid heated with potash to the temperature of boiling oil is resolved 
into propionic and formic acids ; 

+ 2H*0 = + CIDO* + H*, 

differing therein from crotonic acid, which yields only acetic acid. ' 

MBTHARB. CII\ Marah Gcu. Methyl Hydride . — This gas is decompose^! by 
the continued passage of electric sparks, partly into hydrogen and carlwn, partly into 
hydrogen and acetylene : 2CH* = C*H* + 3ID. The volume of gas obtained is, how- 
ever, loss than the calculated quantity, because part of the acetylene is converted into 
liquid polymorides (Berthelot, Compt, rend.lxxix. 1188 ; Z>eit8chr.J. Chem. [2] v, 160). 

Dxmeihyl-dichoromeihane. C*H''CP =■ c] CD. —This compound, isomeric 

(CU« 

with propylene chloride, and likewise calhd methyl-chlor^dol (iii. 1003), is produced 
by the action of phosphorus penbiclilorido on acetone (iii. 1003) J 
fCH* fCH» 

cJo + PCl»a* - PCDO + eje* 

(CH* lCH». 
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Friedel a. Ladenburg (A^m. Ch. Pharm. cxlii. 310) prepare it by dropping acetone 
upon phosphorus pentachloride, cooling the mixture at first, and afterwards distilling 
it, till the liquid which passes over dissolves in water without leaving any oily 
residue. The distillate washed with water and dried yields by repeated roctifiwition 
chloropropylene, C*H*C1, between 26° and 35°, and dimethyl-diehloromethane between 
66° and 78° 

Bimethyl-dicthyl-methane or Carbodimethyl-diefkyl. C^H'* = 
hydrocarbon, isomeric with heptane or soptane, is produced by 

gently heating dimethyl-diehloromethane with zinc-ethyl. The two bodies do not 
act on one another in the cold, and if they are heated together in scaled tubes, 
explosion takes place; but if the dimethyl-diehloromethane be added by drops to 
zinc-methyl contained in a flask with an upright condenser, the mixture gently heated 
for some time, and then distilled, dimethyl-diethyl-methanc will bo foun<l in the 
portion boiling below 110°. This distillate must be mixed with water, added by 
drops in a cooled fliask, to decompose unaltered zinc-ethyl, the resulting zinc oxide 
dissolved in hydrochloric acid, and the residual oil submitted after drying to 
fractional distillation. The portion which then distils between 85° and 90° yields, 
after being heated for several days with sodium (U> remove chlorine), pure dimethyb 
dicthyl-motliano, boiling between 80° and 87°, having a vapour-density *=* 3 -lG 
(oba. 3‘62), and a .sp. gr. of 0 71U at 0°; 0-6958 at 20-5°. 

(CTP 

Dimethyl-chloriodomethune or Mefhyl-iodochloracdol^ C-jClI, is produced by 


C \ ClI 
IciP 

heating chloropropylene, C*II*C1, with concentrated hydriodic acid. 


It 


liquid 


Treated with silver benzoate it is converted into 

(C’HW)*’ 


boiling between 110° and 130°. 

dvmethyUdioxyhenzom ethane or mcthyl-benzacetolt C| 

pyleno dibenzoato. This compound crystallises from other in oblique recbingiilar 
octohedrous, and is decomposed by water into benzoic acid and a liquid smelling like 
acetone (Opponheim, Pull, Soc. (/him. x. 1*28). 

MClSTRliM’YlL* Cli'". — The triatomic radicle derived from methane by abstrac- 
tion of 3 at. hydrogen ; it may be supposed to exist in chloroform, ClICP, iodoform, 
QUI*. &c. 

BKaTHExmrXi-suxPRtrROxrs ii.cxi>. Cll<s*0® =» (Cll)"'.(SO*H)*. Me- 
thintrisul'phonic acid (Theilkuhl, Attn, Ch. Pharm. cxlvii, 134; Chem. Soc. J. [2] yi. 
192). — Thi» acid, the third term of the series of which methyl-sulphurous acid, 
CH“.SO>H, and methylene-sulphurous acid, Cll'^ (SO=’II)^, are the two preceding 
terms, is produced as a calcium salt by heating well-dried calcium metliylsulphate on 
the water-bath for a day, with six times its weight of strongly fuming sulphuric acid 
containing about 10 p. c. of the anliydrido. Tlie product may bo purified by boiling 
with water to decompose unaltered methyl-sulphuric acid, neutralising witli lime, 
precipitating the excess of lime from the filtrate by carbonic acid, and recrystallising. 
The calcium salt, (CHS*0»)2Ca> + 12K*0, thus obtained separates in vory fine crystals 
from a moderately concentnited aciueous solution-<X)verod with a layer of alcohol and 
left to itself for several days. It gives off 10 mol. water at 120°, the remaining 
2 mols. at 180°, and is not easily decomposed by high temperature or by oxidising 
agents. The barium salt, (CHS*0'')*Ba* + 9H»0, separates in shining laminae on 
mixing the calcium salt with barium chloride, and crystallises from boiling water or 
boiling dilute sulphuric acid in beautiful needles or laminae; gives off 6 mol. water 
at 100° and the rest afe 200° A basic lead salt, (CIIS>0»)*Pb».2PbO, is precipitattd 
by lead acetate from a warm solution of the ^calcium salt containing a little alcohol, 
in stellate groups of needles sparingly soluble in water. The potassium salt, 
CHS*0*K* -l- H*0, obtained by exactly piwpitating a boiling solution of the 
oalciun»i«alt with potaseiu# bi^^W^b^ate, is easily soluble in water, and crystallises m 
small shining prisms, which give oflF their water at, 100°. The free add, or hydrogm 
so/^Jj^ined by decomposing the lead salt with hydrogen sulphide, and carefully 
evabic^ting in a vacuum over sulphuric acid> :ite*Tn8 long, very deliquescent needles, 
h^^ng a strong acid reaction, easily soluble in absolute alcohol, and separating 
tbeseSom in needles. ; 

f p ACTOm See the last article. 

mTMTZi, See Ethake. 

amyH ' K l^ AcSirg^ira. Syn. with Methyl-ethyi. Estonb (p. 766). 
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KSTSYZi A&COBOXi and 11TBSB8. Methyl alcohol, CH>OH, may l>o 
prepared^ from hydrocyanic acid by convortinp tliat con»ponnd into methylamino by 
Mendius's process (iv. 58), and boiling the slightly acid aqueous solution of the nitrite 
of that base, whereby it is resolved into methyl alcohol, water, and nitrogen : 
CH^N.HNO* - cn*b 4 - H^O + 

The methyl alcohol thus obtained boils at 66°-6(> 5® (core. 67*1®), and has a »p. gr. of 
0 8574 at 21® (Liunemann, Zeitsekr. /. CAem. [2] iv. 281). 

Methyl Bromide is pixxluced by boiling amyl bromide with methyl alcohol : 
C*H”Br + CH®OII = C*iI*'On + ClPllr (Ibtfniumi a. Girard, ZciVscAr. [21 

V. 653). 

Methyl Chloride, exposed to the action of chlorine in direct sunshine is converted 
mainly into dichlorinatod methyl chloride or methylene dichlorido, 
CH*C1*. By washing the gaseous protluct with water, piissing it into glacial acetic acid, 
which absorbs it, then slowly heating tlie satur.itcd acetic acid to 100®- 105®, and mixing 
the distillate with water, an oil is obtaiiKnl which begins to boil at 30®, the Umiperaturo, 
however, quickly rising to 40°, and aliout luvlf of the product pass! ng over between 40® 
and 50®. This distillate after two reel ifioatious yielded a liquid boiling at 40®~4‘2®, 
and having the composition CH-'CT-*. The products of higher boiling point consisted 
of chloroform and carbon tetrucldorido (Perkin, Chem. ISoc. J. [2"| vii. 260). 

Methyl Sulyhoxide. (CH*)'‘SO (Saytzetf, Ch. cxliv. 148 ; Jahreeh^ 

1867, p. 540). — Methyl sulphide added by drops to coolcxl fuming nitric acid dissolves 
to a homogeneous liquid which when evaporated leaves the nitrate of methyl eulphoxide^ 
(CJI^)’^SO . HNO*, which after pressure, standing over lime, and recry still isation from 
water, forms colourless deliquescent nowlles dissolving very easily in water, with acid 
reaction, less easily in alcohol and ether, molting at 100®, and decomposing with slight 
explosion at a higher temperature. When its aqueous solution is treated with barium 
carbonate, and the evaporated residue is digested with absolute alcohol, methyl sulph- 
oxide, (CH*)’SO, dissolves, and remains, after evaporation of tlm alcohol, as a colourless, 
inodorous, syrupy liquid, which solidifies to a crystalline mass on cooling. It is not 
volatile without decomposition, dissolves easily in water, {ilcohol, and ether, and is 
reduced by zinc and sulpliuric acid to methyl sulphide. 

When methyl aulphoxide is lieatod to 100° for five or six hours with concentrator! 
sulphuric acid, a solution is formtxl, which on eviiporation loaves methylsnlphono, 
(CH^)*SO*, as a vieciM mass whieli crystallises on oo«>ling. This compound dissolves 
easily in water, alcohol, and fuming nitric aciil, crystallises therefrom in prisms, iub- 
limes at 100®, boils without decomposition at 238°, melts at 109®, and solidifies again 
at 99°. By zinc and dilute suljihuric ncid it is also reductxl to methyl sulpliide. 

Methyl Bisulphoxide, ((J1P)*SW, is pr<Kluce<l by treating the bisulphide, 
(CH*)^S^, with nitric acid of sp. gr. 1*2 diluted witli an equal volume of water. After 
washing with water and drying with calcium chloride, it forms a colourless oil heavier 
than water. It is converted into methyl-sulphuric acid by strong nitric ncid, and 
rerluced to methyl bisulphide by zinc and dilute sulphuric acid (Haytzeff, ZciUchr. f. 
Chem. [2] iv. 641). 

Thetrimethyl-sulphurous compounds prixl uced by combi nati on of methyl 
sulphide, (CH*)^S, with ethyl iodide, bromide, &c., are described in vol. v. p. 885. 

M2TBTX-B.X&YXi. — This hydrocarbon, identical or isomeric with 

butylene, is produced by heatii^ a mixture of zinc-methyl and allyl iodide with 
sodium to 120®, or by heating a mixture of methyl and allyl iodides with sodium to 
100® (p. 375). 

MBirB'S’XiAJICZBB. CH* . H*N. — When an aqueous solution of this base is set on 
fire, the hydrogen chij^v burns, and hydrocyanic acid is found in the remaining liquid: 
CH^N + « CHiri 2H*0 (Tollens, Z^iteckr. f (7A«».[21ii. 516). Mothylamine 

heated with saturated hydriodic a^fd yteids ammooitt ittid methane ; CH*N 2HX » 
cn^ + NH* -t- I* (Berthelot). 

Trimethylamine is said to occo? in Arnica men^miaf^piesse, Jahrteh, 1864, p* 456), 1l|;^ 
the seeds of the beech (Brandi «/B«kowiecki, ibid. 607), and in Cotyledon 
According to E. Ludwig {Zeit$chr, 'fk Chem. iv, 96), it occurs in small quantityWllTernl 
Austrian and Hung^ian wines, 

Trimethyl^xethylammoniulitllljl^rate. See Choi.ixk (p. 448). 
BC » T H Y li -.AJMrr 2 -AOByoBrg^ Syn. with methyl-hexyl^jj^tone, CO|p^|, 

CH«(C*H''y (See Kftootb, p. 769.) 
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XtKSTB'Tl^-BlSXirZiLCBTOXi. See page 826. 

IlKBTn’B-BBXrzszrBS. Several methylic derivatives of benzene have already 
been described, viz. monomethyl-benzene or toluene, C®H*. CH* (p. 279), dimethyl- 
benzene, C®II^(CH*)^ and trimethyl-benzene, C“Ii*(CIi®)’, the last two occurring in 
several modifications (pp. 293, 296, 298). 

Tetramotliyl-beiiacene or Burene, = C*H*(CH^)®, isomeric with cymeno 

(p. 302), has lately been obtained by Jannasch a. Inttfg {Zeitschr. f. Chem. [2] vi. 161). 
It is prepared by the action of sodium and methyl-iodide on monobromo-pseudocurnene 
in ethereal solution ; 

C‘’H2Br(CH’)» + + Na® = Nal + NaBr + C^JT^CCII’)*. 

After six days’ digestion, the liquid was distillctl and the product fractionated. After 
the first distillation, the whole of the liquid collected between 170° and 200° solidified 
in the crystalline form on cooling, the last portion completely. After two or throe 
distillations, the greater portion passed over between 185° and 195°, and solidified 
completely on cooling. It was purified by repeated pressure between paper, drying 
over sulphuric acid, and rectification. 

Durone is the only known hydrocarbon of the benzene series which is solid at ordi- 
nary temperatures. It dissolves easily in alcohol, ether, and benzene ; crystallises from 
alcohol in compact crystals belonging either to the monoclinic or to the triclinic 
system; has but a faint bcnzolic odour ; melts between 79° and 80° ; and boils cem- 
stantly at 189°— 191°. It floats on water, volatilises with aqueous vapour, and burns 
with a very bright flame. 

Dibromodurenet C^^H'^Br^ = C®Br'^(CH^)*, is formed, with violent reaction, 
when dureno is dissolved at ordinary temperatures in excess of bromine ; tlio product 
may be purified by washing with soda-ley and with water. It is nearly insoluble in cold 
alcohol, but slightly soluble in boiling alcohol, and crystallises therefrom in thin silky 
brittle needles ; melts at 199°, and sublimes undecomposed at higher temperatures. 

Dinitrodurene, C’‘’H*^(NO*)’‘* «= C®(NO’)*^ClI*)^, separates as a wliite precipitate, 
when diironc is added to cold very strong nitric acid, and the resulting solution is 
poured into water; it crj'stallisea ifrom alci»hol in colourless shining rliombic prisms, 
from benzene in compact crystals. It is easily soluble in ether, somewhat less in 
benzene, still less in hot alcohol, very slightly in cold alcoliol. It melts at 199°, and 
sublimes without decomposition at a higher temperature in splendid shining needles. 

Oxidation-products of Durene (Jannasch, ZHtschr.f. Chem, [2] vi.449; vii. 
33). — By oxidising durene with dilute nitric acid, two acids are obtained, one of which 
volatilises with the aqueous vapour, while the other remains behind. 

Cumylw acid., = 0*H'*^((JH’)* . CO‘*II, the more volatile of those two acids, 

is the third homologue of benzoic acid. It is nearly insoluble in cold water, very 
slightly soluble in boiling water, very easily soluble in alcohol and ether, somewhat 
leso soluble iu benzene, from which it crystiillises on cooling in irregular arborescent 
groups of hard, limpid, highly lustrous needles. It volatilises with vapour of water, 
sublimes in long delicate needles, and melbs at 140°-1&0®. It is monobasic. The 
barium salt, (C*''H'*0'^)^Ba + 7H^O, crystallises in transparent tabular prisms efflo- 
rescing over sulphuric acid. The (C*®H**0-)®Ca + 2H*0, forms smaller 

crystals arranged in nodular groups. 

Cumidic acid, — C*H*(CH*)*. (CO-H)*, the less volatile acid above men- 

tioned, is bibasic and homologous with phthalic, uvitic, and xylidic acids. It is nearly 
insoluble in water, very slightly soluble in ether and in benzene, more readily in 
boiling alcohol. On adding benzene to the alcoholic solution, the acid slowly crystal- 
lises in long transparent needles. At a very high temperature it sublimes, withort 
previous fusion, and condenses in small shining transparent plates. The barium salt, 
C‘®H*O^Ba + 2H*0, forms rhombic plates having a fine pearly lustre. The calcium 
salt, C*®H®O^Ca -r 2H*0, crystallises in small, very shining, transparent, very compact 
prisms. 

ZKBTBCYXp-CBZOBACBVOXi. Syn. with Dihbthti.-dichi.oromkthaice (p. 825). 

mnrBYB-CBOTOSnC ACZB. (Frankland a. Buppa, Chem, Soc, J. 

[2] iii. 133). — Isomeric with angelic acid. Its ethylic ether, C*H’0*.C*H®, produced 
by the action of phosphorus trichloride on ethylic ethomethoxalate (iv. 276), is a 
mobile liquid having an intolerable odour of decayed fungi, and a burning taste ; 
boiling at 1 66° ; insoluble in water, but miscible in all proportions with alcohol and 
other. By alcoholic potash, it is resolved into alcohol and methyl-crotonic acid, which 
melts at 62°, and crystallises on cooling in shining needles, much more soluble in 
water than ethyl-crotonic acid (p. 600). Its barium salt, (C*H'0*)*Ba, is easily 
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soluble and difficult to crystallise; the silver salt^ C*II’0*Ag, is a white crystalline 
powder, slightly soluble in water. Methyl -croton ic acid heated with pt>tii»sium 
hydrate, is resolved, like angelic acid, into propionic and acetic acids : 

c*H’*o* + 211 o = c>ir‘o* + t n*. 

MBTB-rZr-BZACBTZC ACZO. (R. Brandcs, Jenaische ZeiUchr. iii. 25; 

Jakresb, 1866, p. 305), Formate of Aoetylinatcd Kihyl (p. 590). — Produced by the 
action of sodium on methyl acetate, in the same manner jis etliyl-diacetic acid from 
ethyl acetate (p. 601). The sodium salt, which is the direct pro<luct of the reaction, 
maybe purified by treatment with anhydrous ether. It is slightly soluble in pure 
ether, easily in alcoholic ether, and is decomposed gradually by contact with the 
air, more quickly by boiling its aqueous solution, in tin; manner represented by the 
following eqiiation : 

2C"Il’0*Na + 3H*0 = 2CMPO t- 2(11*0 + CO»Na^ + CO*. 

SoUiim Avetom*. Mothyl 

mettiyl-diacctate. nleohol. carboiuite. 

Methyl-di acetic acid separated from the sodium salt by acetic acid, and purified by 
agitation with ether and fractional distillation of the elheieal extract, is a colourless 
liquid having a fruity odour, a sp. gr. of 1 037, and boiling at 169*^ to 179°. With 
ferric chloride it produces a clitiracterlstic dark cherry-icKl colour, roso-red in very 
dilute solutions. It distils with aqueous vapour in oily drops, and is dccompoBod by 
heating with strong acids and bases, in the same manner as the sodium salt by boiling 
with water. The copper sult^ (CHi^O^)-Cvi + 2110, separates on adding cupric acetivto 
U) the acid neutralised with bary hi- water, in pale green crystals insoluble in alcohol. 
When heated with water it is decomposed like tlio ethyl-diacetate. Tim miihyllc 
cth<r, C^H’^0* . C-*!!*, obUiined by licating the sodium salt with methyl iodide, is a 
C(>lourless liquid boiling at 177*4°; having a sp. gr. of 1 020 at 9°; smelling like mint 
uhen diluted, and producing a violet-retl coloration with ferric chloride. The ethylic 
ether, C'‘H O* . C'-^IP, prepared in like manner, boils at 1897° (corr.) arul has a sp. gr. 
of 0'995 at 14°. It is distinguished from tike isomeric compound, met hylic ethyl- 
diaceUte, by its somewhat lower boiling j)oint, and by producing a splendid violet- 
rt'd colour with ferric chloride. By prolongod contact with strong mjueokis ammonia, 
it forms an oil, C’ll*''NO‘, which may he either the amide of ( thyl-methyl-diacetio 
acid, or the ethylamido of methyl-diaeetic acid, and a solution wliiidi on evap(jratioii 
yields the amide of mclhyl-diacetic acid, in concentric groups of silky 

iie(‘dli s molting at 82°-83°. 

In the rectification of metliyl-diacetic acid tliere remains, together witli colouring 
matter, a crysUyllisjiblo substance which volatilises with vapour of wati-r and exhibits 
the composition and properties of dehydracetic acid, C’'11'^O^ (p. 643). The sanm 
acid is also formed by heating sodium mothyl-diacetato to 170° in dry ciirbonic ^id 
gas, methyl-diacetic acid then distilling, whilst dehydracetato and carbonate of sodium 
remain behind, together with a resinous body. 

XIKlSTH'ra-BXBTBYXi-CiUtBXlfOZi. C®li‘*0 = CTI*(C*1I*)* . COII. — S(6 
Hkxyl. ALCOHOI.S (p. 698), 

XMrBTSTrBBarB-COMPOTrxrBS. The CU'^Cl*, is produced : 1. By 

the action of chlorine on methylene iodide (iii. 1005) ; txi remove the last traces of 
iodine, prolonged treatment with chlorine at ordinary temperatures is required 
(Buttlerow, Ziitschr, f. Chem. [2] v. 276).— 2. By the action of chlorine on methyl 
chloride in sunshine (Perkin, p. 827). — 3. Together with marsh gas, by agitating an 
alcoholic solution of chloroform with excess of ziuc-jK)wder and a small quantity ot 
ammonia. The methylene-chloride thus produced is 8cparato<l from unaltertKl 
chloroform by fractional distillation (Perkin, Chem, Ftvys, xviii. 106). It is a 
colourless mobile liquid, smelling like chloroform and having a burning taste; sHglitly 
soluble in water, especially at high temperatures. Sp. gr. 1*3604 at 0° ; coefficient of 
expansion for 1° between 0° and + 20° - 0 00137. Boiling ixjint 40° (Buttlerou^ ; 
40°-42° (Perkin). The idea formerly entertained of the existence of two isomeric 
compounds having the composition C1I*CI* is no longer admissible. ^ 

Methylene Iodide, CH*I*, is produced by heating chloroform with hy^odic 
acid to 126° in sealed tubes; probably thus : CHOP + 3111 *■ 3I1C1 ■¥ CHI ; 
and CHI* + HI - I* + CH*I* (Lieben, p. 438). 

Hexamethylenamine, OH^N* = (C"H*)*N*.— A base produced by the action 
of dry ammonia g a s on pulverised oxymethylene (dioxymethy lene, iii. 1 007 ) • 

(CHK))* + 4NH* - en-’N* + OiVO ; 

or by heating a mixtore of vapour of oxymetliylon® and ammonia gaa to 160"— 17®“. 
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It crystallises from alcohol in colourless shining rhombohedrons or short prisms; i* 
inodorous in the cold, but has a very disagreeable odour when heated ; sublimes 
slowly at 100° in small highly lustrous crystals; dissolves easily in water and in 
boiling alcohol, less easily in cold alcohol, scarcely at all in ether; has a distinct 
alkaline reaction. The hydrochloride^ . HCl, is easily soluble in water, slightly 

soluble in alcohol; crystallises in long white needles; melts and decomposes com- 
pletely when heated. Its solution forms with platinic chloride a pale orangeHX^ured 
preci pitiite, often exhibiting octohedrons and tetrahedrons, insoluble in cold water, 
decomposed by boiling water (Buttlerow, Ann. Ch. Pharm. cxv. 322; ZeiUchr f 
Chem.\2]v.21S). 

nCETR'rXi-BSX'rx.. CH* . See Heptane (p. 696). 

»SBTB*rZi-KTBil.RTOXSr. See Uydantoin (p. 703). 

M&TB’rXiXC AXiBEKXBE. See Formic Aldehyde (p. 622). 
nCBTB'STZi-ZOBOCBXiOBACETOXii Syn. witli JDimkthyl-ciiloriodometUine 

(p. 826). 

XRETK'S’ZiirBilREXXrE, C'^H^N*, may bo regarded as carbomethyltriamine. 

( C*- 

N*] CH* (Hofmann, Ann. Ch. I*harm. cxxxix. 107). 

(h^ 

MZikSerTE. Analyses of this rock from Ditro in Transylvania have been matle 
by Felluer {Jahresh. 1867, p. 1026). 

IWCIXiR-AKrAliYSXS. According to Wanklyn, whose researches on milk are 
published in the Milk Journal^ almost the only sophisticiitions to which milk is 
actually subjected are the more or less complete removal of the cream, and dilution 
with water. Out of some hundreds of samples of milk bought iu London in the pre- 
sent year (1871), so large a proportion as about were found to have been either 
skimmed or wfitered, or both skimmed and w'atered, no other kind of adulteration 
being recognised. The method of examination consisted in taking the solid residue 
dried at 100° and measuring the yield of cream, or else estimating the fat by menns 
of ether. 

Contrary to what has been often stated, Wanklyn finds that a milk residue may bo 
easily and conveniently dried until its weight is quite constant at 100° C. For this 
purpose, about 6 grams of milk aro evaporated in the water-bath, in a thin platinum 
dish, and maintiiincd at 100° for the space of three hours, when tlie weight of the 
solid residue will be found to have become constant, being incapable of sensil»le 
diminution by prolonging the <lrying for three hours longer. The following examples 
may be cited (see Milk Journal ^ vol. i. p, 109). A specimen of genuine country-tVd 
milk furnished in four experiments : 


Solids dry Percentage 

Milk. nt 100^, of Eolids. 

I. 4-969 grams gave 0 616 grams 12-40 

II. 6-0105 „ „ 0 6255 12 48 

III. 6-007 „ „ 0-023 „ 12-44 

IV. 5-0146 „ „ 0 626" „ 12-48 

Mean percentage of solids . , . 12'45 


A specimen of very rich town-fed milk gave in four experiments : 


Milk. Solids. 

I. 5 000 grams gave 0-7035 grams 

II. 5-004 „ „ 0-705 „ 

III. 5-000 „ „ 0-7025 „ 

IV. 5-006 „ ,. 0-705 

Mean percentage of solids 


Percentage. 

14-07 

14-09 

14-05 

14-08 

14-07 


The complete analyses of the two kinds of milk furnished the following results : 



Country 

Town 


milk. 

milk. 

Water 

8r-65 

85-93 

Fat 

3-07 

4-00 

Casein 

4-04 

6-02 

Milk-sugar . 

4-63 

4-31 

Ash . 

071 

0-74 


10000 

IQOOO 
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100 voIb. of the country milk yielded 9*8 vols. of cream, whilst 100 vols, of the town 
milk yielded 13 vols. From the results obtsiinod by Alox. Miillor and Eisonstuck, 
who conducted an investigation for the Royal Agricultural Academy of Swetion, it 
would appear tliat the milk of well-fed cows never becomes very poor at any season 
of the year, and that the milk-solids seldom fall so low as 12 per cent., and never so 
low as 11*6 per cent. 

In the Journal^ vol. i. p. 160, a method of estimating the c^isein in milk by 

means of Wanklyn, Chapman, and Smith's ammonia-process is described. The milk 
is first diluted with a known quantity of water, so that 1 cubic centimetre of the 
diluted milk contains 10 milligrams of milk. About 6 c. c. of this diluted milk is a 
convenient quantity for experiment, and is boiled with alkaline permanganate so long 
as it evolves ammonia, the latter being ostiiruited by the Nessh^r tost. From the 
amount of ammonia furnished by oxidation of the specimen of milk, the amount of 
casein present in the milk may be deduced, since it has been ascertained experimentally 
that 6*5 parts of ammonia are furnished by 100 pairts of casein. J. A. W. 

SMCZZZOiriTS. A variety of scapolite from Somma, formerly confounded with 
mejonito (iii. 1027). According to an analysis by G. vom Ruth Ann. cxix. 

264; Jahresb. 1863, p. 812), it conUiins 64-70 p. c. 8iO-’, 23-80 Abb^ 8 77 CaO, 
0*22 MgO, 2*14 K^O, 9-83 Na'-^O, and 0 13 loss by ignition (99-59), whence the 
oxygen-ratio MO ; ; SiO^ = 1:2 : 6. 

BIOBZTIjIi Sericographis Mohitli, an acanthacoous plant indigenous in Mexico, 
and used by the natives as a remedy for dysentery, contains, according to Thomas 
(J'. [4] iii. 251), a bhio colouring matter which reacts with acids and bases 

like litmus. By exhausting the fresh loaves with water, boiling the decanted liquid, 
evaporating the filtrate, and redissolving the residue, this colouring matter is obtained 
as an amorphous dark blue mass easily soluble in water. By exlmusting the loaves 
with do-acr.ited water in a close vessel, a greenish solution is obtaint?d, which becomes 
bluish-violet on agitation with air, is decolorised by stannous chloride, and then 
deposits a dark green flocculent precipitate. Thomas dosignales the origi^ial colourless 
principle of the plant as mohitfin, the green oxidation-product as mohifkin, and the 
blue substance, which is an acid .aiul forms salts, as ^nohiilic acid. None of these 
bodies have, however, boon obtained in the ymre state. 

nSOXiYBBEBUM. J. E. I^ughlin (Sil/. Am. J. [2] xlv. 131) fddiiins metallic 
molybdenum by expusitig a mixture of tijo Irioxide with pt. pyUissium cyanide b) 
a white heat for a quarter of an hour (in a luted porcelain crucible onclosijd 
in a larger crucible filled with charcoal). The silver-white rnetal thu.s pr«xluccd 
(contiiining 1-3 p. c. carbon and silica) has a specific gravity of 8 56. 

Behray (2?«7/. Soc. Chi?n. [2] x. 451) has determined the atomic w<!ight of molyb- 
denum : 1. By reducing the trioxide with hydnjgi^n at a very high temperature. — 
2. By evaporating the ammoniawvl solution of a weighed quantity of ilio trioxido 
with excess of silver nitrate in the dark, lixiviating the dry crysbillisod silver 
molybdate, and determining the excess silver nitrate remaining. The first method 
gave numbers varying from 95-68 to 96*06; the second from 96*96 to 96-00. The 
mean of all these determinations, 96*94, confirms the number 96 obUiined by Dumas 
(iii. 1032). 

Molyhdic Chloride, obtaino<l by gently heating molybdenum in a stream of 
chlorine, and purified by rectification in a stream of carbon dioxide, has a dark green 
colour, melts at 194® and boils at 268®, forming a deep red vapour, which condonsos 
bj crystals having a green reflex. It alters quickly in moist air, dissolves in water 
with great rise of temperature, and exhibits all the essential properties of the 
tetrachloride, MoCB, described by Berzelius (iii. 1031). Its analysis, however, gives 
36 to 35-2 p. c. molybdenum, leading to the formula MoCl* or Mo*Cl*®, requiring 
36*1 p. c., whereas MoCB requires 40*3 p. c. The vapour-density at 360® was found 
9 53 to 9*40 ; the formula MoCl*, calculated for a condensation to 2 volumes, 
gives 9*47 (Debray, loe. cit.). 

Oaddea. Rammelsberg (Pc^y. Ann. cxxvii. 381) finds that the oxide foraed by 
the action of zinc or copper on a hydrochloric acid solution of the trioxido or a 
niolybdate, is not the monoxide, as stated by Berzelius (iii. 1034), but the sesqui* 
p^ide. The trioxide heated to full redness for three hours in a stream of hydrogen 
is completely reduced to metal. A hydrochloric acid solution of the tnoxide heated 
with metallic molylnlenum yields a dark red liquid, similar to that obtained with zinc 
or copper, but nevertheless containing the dioxide MoO*, mixed with tnoxide lees 
in proportion as the action is more complete. Ammonia produces in this solution aa 
easily alterable precipitate (intermediate between MoO* and Mo*0‘), having the 
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aspect of ferric hydrate, whilst only very small quantities of trioxide remain in 
solution : hence the dioxide cannot be regarded as a molj’bdate of the sesquioxide, 
:^o*0*.Mo0*. Blue oxide of molyMenum is obtained by •mijiing the brown solution 
of the dioxide with a solution of the trioxide in hydrochloric acid, and washing tho 
precipitate with a mixture of alcohol and sal-ammoniac. After drying over sulphuric 
acid it has the composition Mo’^0* + 3H*0. By strong bases it is decomposed, like 
the other blue oxides of molybdenum, into dioxide and trioxide. When a mixture 
of raolybdic chloride and ammonium molybdate is left to itself for some time, 
crystals form in the blue precipitate, which may be ‘ purified by washing with 
alcohol. They are very small, prismatic, brown by transmitted light, and dissolve 
in water, forming a yellow solntibn, with separation of dioxide; silver salts added 
to this solution throw down a yellow precipitate easily soluble in nitric acid. Heated 
out of contact with the air, they give off water and ammonia, and leave a blue 
oxide containing Mo^O®. Their composition may be represented by the formula 
2(MoO*.MoO»).(NH<)20.2MoO» + 9H‘^0. 

The dioxide^ MoO*, is obtained in the crystalline form by fusing sodium molybdate 
in a porcelain crucible with a third of its weight of zinc added by small portions, the 
heat being continued till tho crystalline growth which spreads out from tho zinc fills 
tho entire liquid. Tho cooled mass digested alternately with caustic potash and 
hydrochloric acid, and washed with water, leaves the dioxide in dark blue-violet 
prisms, having a strong metallic lustre, and appearing light violet-red by transmitted 
light. They conduct electricity well (quickly bc^coming covered with cfipper when 
immersed in solution of cupric sulphate in contact with zinc) ; are not attacked by 
hydrochloric acid or potash-ley even at tho boiling heat; but are converted into 
trioxide by heating with nitric acid. Sodium molybdate is not reduced by tin 
(Ullik, Jahresh. 1867, p. 2.37). 

Trioxide or Molyhdic Anhydride . — On tho preparation of this oxide from 
native lead molybdate, see Ullik {Zeitsekr. f. Chem. [2] iv. 690). The soluble 
(colloidal) modification (iii. 1036) may be prepared by decomposing precipitated 
barium molybdate with an exactly equivalent qu.antityof sulphuric acid. Tho solution 
evaporated over sulphuric acid loaves soluble molyhdic acid in tho form of a trans- 
parout blue or blue-green mass, easily soluble in water, but gradually becoming 
less soluble by keeping, and converted at higher temperaturos, with /o.s .9 of water, into 
ordinary molyhdic anhydride (Ullik). According to Graham, the colloidal solution 
evaporated at 100° leaves soluble molyhdic anhydride. 

Amorphous soluble molyhdic acid retains at different temperatures constant 
quantities of water, corresponding to defiriito hydrates, 11*0. 2MoO* being formed at 
100°, lUO . 4MoO® at 120°, and H’^O . SMoO^* at 1 60°-170°. The hydrate H‘*0 . 2Mf.O* 
is also formed when molyhdic acid is left for several months over oil of vitriol. Tho 
hydrate H*O.5Mo0® is produced: 1. By evaporating a solution of amorphous 
molyhdic acid over tho water-bath. — 2. By boiling a solution of the magnesium salt, 
MgO.MoO* -t- 711^0, with a largo excess of nitric acid. — 3. By boiling the aqueous 
solution of amorphous molyhdic acid with sulphuric acid. This h 3 ’drate separates ns 
a fine white powder which is nearly insoluble in water, and when suspended 
therein forms a milky liquid which runs through tho filter ; it may however be 
washed by decantation with water containing nitric acid. It does not lose weight 
over oil of vitriol or at 100'*’. The hydrate, H*0. MoO®, was once obtained accidentally 
when a solution of tho salt MgO.MoO® -t- 7H'0 was mixed with a quantity of nitric 
acid nearly equivalent to the magnesium and loft to itself. It formed crystalline 
crusts composed of very small needles, nearly insoluble in cold, very slightly soluble 
in hot water, and not losing weight at 100° (Ullik, Amm. Ch. Pharm. cliii. 368). 

A weak solution of molybdenum trioxide in nitric acid yields with potassium xanthatc, 
even in very dilute solutions, a light yellow to flesh-coloured precipitate, which in a 
few minutes, especially on agibition, assumes a splendid violet colour. More con- 
centrated solutions immediately yield a nearly black coagulating precipitate, which, 
after drying in a vacuum, has the composition (C®H®0®S®)“Mo -t- H“0 (Siewert, 
1864, p. 707). 

The dark red coloration produced by boiling an ammoniacal solution of mol^'bdic 
acid for a short time with a moderate excess of yellow ammonium sulphide, appears 
reddish -yellow in more dilute solutions, and after awhile brick-red, depositing salmon- 
coloured flocks ; this reaction is perceptible in a solution containing only 0 8 milligr. 
molyhdic anhydride in a litre. On adding to the reddish-yellow solution ^tassium 
sulphocyanate and ether (which produce no alteration), then a strongly acid solution 
of stannous chloride, and agitating, the ether takes up molybdenum sulphocyanate, 
and acquires an orange-red colour, changing to carmino-rcd on exposure to the air. 
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The brown liquid produced by adding the acid solution of stannous clilorido to 
ammonium molybdate exhibits with potassium sulphocyanate and ether the same 
jteaction, which depends on the formation of molybdenum trichloride and trisulpho- 
cyanate, and oxidation of the latter to carmine-coloured tetrasulphocyanate : 

Mo«Cl« + 6KCyS « 6KCI + Mo*Cy*S' ; 

2Mo®Cy*S* + 4HCI + 0" « 3MoCy*S* + MoCl* + 2H*0. 

By means of this reaction a tnice of molybdenum has been detected in the 
vanadiferous brown haematite of Haverloh (C. D. Braun, anal. Chem. vi. 86 ; 

Jahresb, 1867* p. 852). 

Molybdates (Delafontaine, BuU. 8oe. Chim, [21 iv. 257; Jahreah. 1865, p. 215. 
UUik, Ann, Ck. Pharm. cxliv. 204, 3*20; cliii. 368; Zeitschr.f. Chetn. [2] iv. 690 ; vi. 
434; Chem. Centr. 1867, 977; 1870, 117. Crystalline forms: Zopharovich, JVien. 
Akad. Bar. Iviii. [2] 111; Jahresh. 1868,221). — Several new classes of those salts 
have lately been discovered, which, together with those previously known, may be 
formulated as follows, the symbol It standing for 2 atoms of a monatomic or I atom 
of a diatomic met^ : 


Monomolybdates 

RO.MoO* 

- 

MoOM 

0> 

Dimolybdates . 

RO. 2 M 0 O* 

- 

2MoO^ 

R 

0 . 

J Molybdates 

3 RO. 7 M 0 O* 


7MoO« 

K» 

O'* 

Trimolybdates . 

R0.3MoO» 


3MoO'^ 

R 


Tetramolybdates 

RO. 4 M 0 O* 

■1 

4MoO*, 

R 

|o* 

Octomolybdates . 

RO.SMoO* 

- 

8Mo0“, 

R 1 

[o* 

Decamolybdates 

RO.lOMoO* 

s» 

lOMoO’i 
R i 


Hoxdocamolybdatos . 

RO.lCMoO* 

- 

I 6 M 0 O*/ 

H i 

0" 


Monomoly bdates or Neutral Molybdates. RO.MoO’ + nWO. The solu- 
tions of those salts aro not coloured by potassium forr<>cyanido. riie potassium sat , 
first obtained by Svanberg a. Struvo (i. 1140), may bo piop»iro(l by fusing oquivalont 
quantities of potassium carbonate and molybdic aiiliydrido, dissolving the lused mass 
in hot water, and evaporating the filtered solution over sulphuric acid ; it crysUUisos 
in anhydroiis microscopic prisms (Ullik). Lelafontaino, by leaving the solutum o 
evaporate spontaneously, obtain<«i a penlahydratcd salt, K O.MoO i 

parent hex^onal prisms combined witli tlie cnd-fiico and a subordinate hexagonal 
pyramid. The crystals give off their water at lOO”, and melt without decomposition 
at a red heat. The solium salt, Na'O.MoO* + 2U'0, foims nacreous lamin® or 
monoclinic tables apparently isomorphous with the corresponding tungstete. « m)* 

votassic salt, K*0 . 2Na»0 . 3MoO> + HU’O, is obtained by saturating |»taBsium 
trimolybdato with sodium carbonate, and leaving the solution to evaporate ; it crysmt- 

Vx^ss thftan of thft ueutahvdrated potuBsium sult, oasiW solublo 



ng au — 

+ 2H*0, is obtained, by heating molybdic anhydride with iiimum 
and evaporating, in nodular groups of easily vhm 

1866, p. 234. Belafontainc). Another salt, containing ^ 
once obtained by saturating an insoluble ucidhthiummolyWate 

(I>elafontaine). The<5a//!umM/<.Tl'^O.MoO*.is obtained as 

by boding aqueous thallious oxide with 
cipitato by mixing the hot aqueous solutions of 
date. It is slightly soluble in water, melu at a r^ 

vapours when fused with sodium carbonate ^Delafontaine). . „ mii|rnA>;a 

]^.MoO* « 7 HH), remains, on evaporating the solution formed by ^hngm^M 

» of equmfentepSiei of the^OOTponent salts m groups of smaU Tittsous 
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prisms, which give off their water at a moderate heat, and melt without decomposition 
at a dull red heat; easily soluble in water. The a7nm<»iio~maffnesio salt^ 

I 2K^O, obtained in like manner, forms larger crystals isomorphous 

with the preceding. 


Bimolybdates. RO . 2MoO*. — The sodium salt^ containing 1 mol. water according 
to Struve, anhydrous according to TJllik, is produced by adding 1 mol. molybdic 
anhydride to 1 mol. fused sodium nitrate, and remains in silky needles when the unde- 
composed half of the nitrate is dissolved out by water. Potassium nitrate is likewise 
only half decomposed by molybdic anhydride, but the resulting potassium bimolybdate 
is very easily decomposible and cannot be obtained pure (Ullik). 

Seven-thirds Molybdates. 3R0.7MoO* + »H*0. — The 'potassium salt^ 

3K*0 . 7MoO* + 4H®0 (described by Svanberg a. Struve as a compound of the bi-«,n4 
tri-molybdate), is always formed when molybdic acid is evaporated to dryness with 
potassium carbonate even in excess, the pulverulent residue dissolved in the smallest 
possible quantity of water, and the solution left to evap<^rate. It forms small, deeply 
striated monoclinic prisms, which melt w'ithout decomposition at a red heat, and give 
off their water at a lower temperature. They are decomposed by water, depositing 
trimolybdato : 


3K*0.7MoO^ = 2(K*0.3MoO>) + K'^O.MoO* 


f 


(Delafoiitairio), The sodium 3Na-0 . 7MoO^ + 22H*0, crystallises on cooling 
from a hot s(»Uition of molybdic acid in sodium carbonate mixed with nitric acid, in 
transparent well-defined prisms ; by slow evaporation, in larger opaque rectangular 
tables, which cfilorcsco rather quickly in dry air, give off 21 mol. water at 100*^, the last 
molecule at 200°, and may also bo fused without decomposition (DelafontaineV 
According to Ullik it separates from a solution of 1 mol. sodium trimolybdate mixed 
with 1 mol. sodium carbonate, in largo transparent crystals which lose 8 mol. water 
by ofilorescence, 21 mol. at 100°, and the last between 120° and 130°. When treated 
witli different quantities of so<liiim carbonate, a corresponding portion of it is con- 
verted into the monomolybdatc, the rest remaining undooompwsed. The ammonium 
saltj 3(NII^)‘0 .7M(X)^ + 411-0, is the salt formerly described (iii, 1037) as a bimolyb- 
dato (ilelafontainc ; Ullik). A .sn//, ^^(NlUy-^O . ^Na’^O . 7MoO* + fjH’O, 

obtained by adding nitric acid to a mixed solution of sodium and ammonium molybdates, 
crystillisos in small striated rhombic or monocliuic prisms (Delafontaino). 

The magnesium salt, 3MgO,7MoO* + 20 IPO, crystallises by spontaneous evaponi- 
tion from a solution of 7 mcjl. magnesium monomolybdate mixed with 4 mol. nitric acid, 
in radiate groups of trjinsparent, vitreous, tabular, oblique prisms. It is permanent in 
the air, gives off all its water without decomposition at a red heat, and is moderately 
soluble even in cold water (Ullik). 

Tr RO . 3MoO^ + H'^O, are obtained by boiling the carbonates of 

the several bases with water and excess of molybdic anhydride (4 mol. MoO* to 1 moL 
l)?i.se), whereby qiuulromolybdates are formed in the first instance, and decompose whll^ 
the solutions are slowly evaporated ; also by mixing the solution of a less acid 
date with any acid in not too large a quantity (the precipitates formed in solutions of 
molybdates by acids always consist, according to Ullik, of acid salts, never of pure 
molybdic anhydride). The solutions of the trimolybdates are coloured light red ' 
potassium ferrocyanide. They crystallise by slow evaporation in cauliflower-likd M 
aggregates of nodular crystalline groups, and dissolve freely in hot, very slightly in 
cold water. By more rapid evaporation, especially of small quantities, amorphous salts 
are obtained with different quantities of water. The following trimolyb^tes have 
been obbiined by Ullik : 

K®0.3MoO* + 3H®0, becomes anhydrous at 100®. 

Na*0.3MoO* + 7H*0, crystallised ; gives off 6H*0 at 100®, 

Na^O . 3MoO* + 411^0, amorphous. 

Ca0.3MoO> + 6H20. 

MgO.SMoO’' + lOH-0. 

Go0.3MoO* -f lOlPO. 

Zn0.3MoO> + lOH^O. 

CuO . 3MoO* -P 9H‘^0, crystallised. 

CuO . 3MoO’ -f 6 JH®0, amorphous. 


The rubidium salt, Rb*0.3MoO* + 2H20, obtained by fbsing mbidium caibonsU 
with excess of molybdic anhydride, and dissolving the fused mass in boiling WMfteri 
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ystallises on cooling in small shining six-sided prisms, easily soluble in hot, sparingly 
I cold water (Delafontaine). 

Tetramolyhdates^ HO .4MoO* + 7tK^O, are contaiinxl, according toUUik, in the 
dutions which yield the tri molybdates by spontaneous evaporation. When these 
dutiona (which are coloured dark rod by potassium ferrocyanitle), in tho concentratcii 
bate, or© quickly evaporated on a glass plate, they leave aiuorplious, transparent, 
asily soluble masses, which have tho composition of ipuulromolybdates, are permanent 
a close vessels, but become opaque and are converted into triinolybdatos in contact 
rith the air. In the crystalline form they, appear tx) separjite only from solutions 
ikowiso containing other salts, sodium chloriilo for example. Ullik has obtained nn 
\morphou* sodium salty Na‘'0.4MoO=* + hUlH), nsnally of .slight greenish or bluish 
olotur; a. crystallised sodium salty Na'O. lMoO^* + Glt O, by adding 3 mol. hydro- 
ftioric acid to a solution of 4 mol. of tlio neutral salt; a calcium salty CaO.tMoO* 
•f* OH®0, in brownish aiuorplious inasses, liising with decomposit ion uta rod heat; and 
i bluish-green ZiiO . IMoO"* + 8U-0, behaving like the calcium salt when 

lieated. 

OctomolybdateSy RO.SMoO’ + 72ll*0, are formed by treating any of the pre- 
ceding salts with a sufficient qiiiintity of one of the .stronger acli Is (7 mol. acid to I mol. 
of a neutral molybdate). They all crystallise, and apparently in jicrfectly siniibir 
forms (oblique rhombic prisms with basal cud-fnee), are extremely soluble in water, 
and their solutions form a rod-brown jweeipitato with pota.s'sium ierroeyanido. 
The sodium salty Na^O.SMoO* + 1711*0, gives oil’ 1411*0 at lOO'^, tho rest between 
160® and 180®, molts below a rod heat, and decomposes at a higher Ivmperature. 
The potassium salty K'^O.SMoO^ + 1311*0, separates from a hot solution on cooling, 
in small shining crystals, converted by dnmeliing with water into a wiilte sparingly 
soluble powder. The magnesium salt, MgO.HAbK)’* + 20 1 1*0, forms olllorescent 
prisms, molting with partial dcconit>osition at a rod lieat. The barium salty 
BaO.MoO* +• 18H*0, separates from tho acid solution in vitreous prisms ijisolublo 
in cold water, and decomposed by hot water. Tlio calcium salt, {\iO . 8MoO* + 
ISH^O, crystallises in very sni.all prisms, easily bolnbh* in hot, nearly insolublo in 
cold water. Both these salts decompose like tho magnesium salt wlnni heated (Ullik). 

Decamolyb dates. — Hho sodium salt, Na*0 . l()M<d)“ + 2111*0, is prodiico<l by 
dissolving the hoptahydrated trimolybdato or sodium c;irbounte in tlie corresponding 
quantity of soluble molybdic acid, and leaving tho solution to evaporate ; it resembles 
the octomolybdate with 1711*0, and is very soluble in water. Na*O.10MoO“ -f 
12H*0 separates as a white cry.staliine, sparingly soluble powiler, wlien a solution of 
the salt Na^O.MoO^ + 21P0 is heated on the watcr-balli with a quantity of hydro- 
chloric acid equivalent to tho sodium present. 

Hexdecamolyhdates. — Tho sodium salt, Na'O.lGMoO* + 9IP0, separates as 
a fine white insoluble powder wlien a solution of the normal siKlium salt in a small 
quantity of water is heated to boiling with a largo excess of strong nitric jwid. When 
a solution of 1 mol, sodium carbonate is poured upon 1 mol. of this salt, carbon 
dioxide is given off, and there remains a white j^ulverulcnt sparingly soluble orp)- 
y molybdate, Na^O.SMoO^ -f 411*0. Tho latter salt is also formed when 2 mol. 
sodium carbonate are used ; but in this c.aso a solnble molybdate is likewise produced, 
and on evaporating the solution, tlie silt Na-'O.lJMoO® -f 71U0 crystallises out. 

Ullik has also obtained double molybdates in which part of the molybdenum 
is replaced by sulphur or chromium. A mixed solution of ammonium sulphate and 
magnesium molybdate, or of magnesium sulplnitc and ammonium molybdate, 
yields well-defined cry'sbils having tho composition of the double 8ulp)Imte 
Mg(NH^)*(SO<)* -4- 6H''^0, in which variable quantities of sulphur ,aro replaced 
by molybdenum, without essential alteration of the crystalline form. When hot 
strong solutions are used and tho mixture is left te crystallise by cooling, o? 
when a considerable excess of ammonium molybdate is added, the crystals are rich 
in molybdic acid ; but by spontaneous evaporation of dilute solutions, crystals are 
formed containing a smaller proportion of molybdic acid. Tho latter are permanent, 
whereas the former give off water and ammonia on exposure to the air. In six such 
salts, the proportion of SO* was found to vary from 1C’ 46 to 41*79 p. c., and that of 
MoO* from 38‘56 to 3*43 p. c. AU tho crystals were isomorphous with the known 
double salts of the magnesium group. A fiKjlution of equiv'alent quantities of neutral 
inagnesium molybdate and neutral potassium chromate yielded by slow evaporation 

•mail light yellow crystals of tho salt | • | q ^ q * + 2H-*0, easily soluble in 

water, and reeembling potassio-magnesic molybdate in their form and their behaviour 
at high temperatures. 


a b2 
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Ituomolybdates. These salts a^e formed by dissolving the neutral and aeid 
molybdates in liydrotluoric acid. They are mostly easily soluble, crystallise well, and 
are isomorphous with the corresponding compounds of tin, titanium, and zirconium. 
The neutral jyotassium salt, K-^MoF^O^ + H*0, crystallises from a sdlution of potas- 
sium molybdate slightly siipersatiiratod with hydrofluoric acid, in very thin octagonal 
tables, which, according to Marignac’s determinations, belong to the triclinic system 
and agree nearly in their angles with the crystals of fluotungstate of potassium, 
•although the latter, according to Marignac, is mouoclinic. It is not altered by 
exposure to the air, gives oif its water below 100°, melts at a red heat, and is con- 
verted by prolonged fusion in moist air into neutral potassium molybdate, with 
evolution of hydrofluoric acid. The acid potassium salt, K“Mo’*F®0* + 2H*0, 
obtained by dissolving the neutral salt in hydrofluoric acid, or by treating acid 
potassium molybdate with hydrofluoric acid and evaporating, crystallises on cooling 
in transparent silky needles, which after gentle heating in contact with the air, leave 
a residue of potassium bimolybdato, but when quickly heated give oif molybdic 
fluoride. The neutral sodium salt, ‘2Na*MoF^O* + 11^0, separates from the acid 
solution in crystalline grains, behaving like the potassium salt when heated, but more 
soluble. The acid riilndiwn salt. + 2H'^0, crystallises on cooling from 

the warm solution of rubidium tri molybdate in hydrofluoric aeid, in scaly groups of 
slender noodles, liaving when dry the aspect of potassium tantalofluorido. It is easily 
soluble in water, and behaves like the preceding when heated. The neutral ammonium 
salt, (NH*)*MoF^O- + H-O, obtjxinoil by supersatimiting the solution of ordinary 
ammonia molybdate with ammonia, slightly acidulating with hydrofluoric acid, and 
evaporating, crystallises in six- or eight-sided tables, isomorphous with the neutral 
potassium salt. Wlicii hoati'd in an open dish, it melts to a pasty mass, gives off 
vapours of water, hydrofluoric acid, and molybdic fluoride, and wlion heated to low' 
redness, leaves a residue of molybdic anhydride. Tlie acid salt, (NH^)'^Mo“F'*0^ ■+■ 
2H‘0, crystallises in rhoml>ic prisms isomorphons with acid ammonium fluotungstate. 
The neutral thallium salt, + H'-'O, is formed on mixing the neutral 

potassium salt with thallious sulphate, as a curdy precipitate, which dissolves when 
warmed and separates again as a crystalline powder on cooling. From a warm solu- 
tion of neutral tliallious molyl>dato in hydrofluoric acid, it crystallises on cooling in 
shining stmw-yo I low rhombic prisms, ooP. ooP oo .iP c». The crysUils melt below a 
red heat, and w'licn roasted leave the neutral nioiyl)date. The muiral. jluomolyhdates 
of sine, cadmium, cobalt, and nickel arc obt.ainod by dissolving equivalent quantities 
of the corresponding oxides or c.iirbonates in hydrofluoric acid, and evaporating the 
solutions, in well-defined crystals of the hexagonal system (six-sided prisms with an 
acuter or ohtuser rhombolicdron). The composition of all those salts is represented 
by the formula K 'JVIoF'O- + 611-0. They are isomorphous with the corresponding 
tjtanofluorides, zircofluorides. and fluoniobatos. The zinc and cadmium salts are 
colourless; the cobalt salt is dark rod; the nickel salt light green. They are per- 
manent in dry air (the cadmium salt inclined to effloresce), leave nearly pure 
molybdic oxide wdion quickly lu uted, and neutral molybdates w'hen carefully roasted 
(Ullik, loc. cit.). 

Pbospliomolybdlc Acids. Dcbray {Bidl. Soc. Chim. [2] x. 369) has obtoined 
two of these compounds, viz. P20*.20MoO® and* F'O* . 6MoO’. The former is pro- 
duced when the precipitate fornu'd by ammonium molybdate in the acidulated solu- 
tion of a phosphate is boiled with nitromuriatic acid, and the liquid is left to 
evaporate. It crystallises from this solution in yellow oblique rhoml>ic prisms con- 
taining 13*3 p. c. wat.er, which nearly agrees with the formula P-O\20MoO* 26H*0. 
The aqueous solution of these crystals yields by spontaneous evaporation a second 
hydrate, P'-^O* . 20MoO* -f 62H'''0, containing 23*4 p. c. water, and crystallising in 
largo regular octohedrons; a third, P*0*.20MoO* -f 40H®0, containing 19'4 p. c. 
water, separates from highly concentrated solutions mixed with a large quantity of 
nitric acid in less develop^ and more easily alterable rhombic prisins. Phospho- 
molybdic acid separates potash, rubidia, c«esia, thallia, ammonia, and the organic 
bases, but not soda and lithia, from their strongly acidulated solutions, in the form 
of yellow precipitates. The potassium, ammonium, and thallium salts have the 
composition 3R*0 .P*0* . 20MoO* or R’PO^ , lOMoO’, the two former containing 
3 mol. (or 3J mol.) water. The potassium and thallium salts melt at a dull red heat to 
oily liquids w-hich solidify in the crystalline form on cooling. The ammonium salt is 
obtained in small yellow highly lustrous crj'stals when solutions of sodium pyro- 
phosphate and acid ammonium molybdate are mixed together, the precipitates then 
forming slowly as the pyrophosphate in the liquid becomes converted into orthophos- 
phate. Neutral solutions of silver nitrate give with phosphomolybdic acid a precipitata 
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which gradually changes into microscopic crystals consisting of 2Ag=0 
-f TH'-'O. In acid solutions the siiita of the heavy uietals give no precipitates ; hence 
phosphomolybdic acid crystallises unaltered from a sti-ongly acitlulated solution 
of bismuth. This acid, however, as well as its salts, is stable only in scid 
solutions. With alkalis it forms molybdates and salts of the second phospho- 
molybdic acid, P^O'.&MoO*, according to the equation : 

P'^O\20MoO* + IPO = ^20^5Mo0MP0 + loMoO*. 

The salts of this second phosphomolybdic acid aro colourless or aliglitlv coloured, 
crystallise well, have a mother-of-pearl asiwt, and aro easily soluble. By excess of 
acid they are reconverted, with separation of plu.sphoric acid, into yellow phospho- 
molybdates : 

4(P*o* . oMoO=») + loH’o = s{jr-o\m‘ 0 ) + r-O’/ioMoO* t- ipo. 

Treated with a small quantity of acid, they yield .salts liaving the coniixisitioii 
5R'^0.2F*0\10MoO''* -f H“0. The anhydride P-O'.rjMoO* eaiiiu*t be isolated, on 
account of its instability. Of its salts tlio Ibllowing havt3 been prepared ; 

Aminoiiiuni salt, 3(NH‘)'*0 . P‘-0\ + 7U-0. 

Potassiu m salt, 3JPO . i’T)* . ,')Mn( >“ y 7 IIH) . 

Sodium salt, 3Na-0 . P'0\ 6M11O® + ItlP’O, 

Silver salt, 3Ag-0 .PRP.OMnO" -t- 7Il‘'0. 

The existence of the above-described cornpoundK, and the frequently «x‘eniTing of 
molybdates, together with vanadates, lead to the .supposition that tlie constitution 
of molybdic anhydride is analogous to that of vanadie aiiliydrido, and repreHcntwl by 
the formula MoHl* (Mo^ = 80). 'Dio phospliomolybdic anhydrides wouM l lien have 
the simpler formulae F^OM2Mo*0* and P^O* . 3iMo'*0\ But the vapour-density of 
molybdic chloride does not agree witJi this liypollicsis. 

MOltSSirBTXTlI. A zinc-aluminic silicate from iho Alteiiberg, near Aachen ; 
mostly dark green to leck-green and opaque, sometinns liglit oiiKTald-green and 
tniDslucent. Fracture, small conchuidal. Hardness =: 2-f). Streak, wliite. 

SiO* APO* T,uO FeO NIO CaO MgO 11*0 

Light green . 30'31 13‘G8 43*11 0*27 1*14 traces 11-37 = 100-18 

Dark green . 29-36 13 02 37*98 0-24 0-76 0 54 11-34 » 98-8f> 

Hence the formula 9(2i!:nO . SiO^) + 2(2AP()L3SiO*) + 20U20 (H. Risso, 

1806, p. 940), 

MORZBr (Hlasiwetz a. Pfaundlcr, J. pr. C/iem, xeiv. GO). — The colouring mutter of 
old fustic (iii. 1047). When completely dehydnited by prolonged drying at 100° in a 
stream of dry air, or by heating to 200°-2f)0°, it has tlie eompr)8ition C’^IPO' ; 
morin hydrate or moric acid is or Hd4. Pofaemim 'inorate^ 

C’'^H*0*K, crystallises from a warm solution in concentrated aqiieons potassium 
carlxinate, in soft yellow necsilcs, greenish-brown after drying, and recrystallisable 
only from solution of potiissium carbonate. The eodinm-compound exhibits sirailar 
chameters. CcUcium morate, is formed as a yellow precipibito oji 

mixing potassium morate with calcium chloride. Zinc moratCy is formed 

by boiling an alcoholic solution of morin with a little suli)huric acid and zinc, in 
lemon-yellow needles insoluble in water, but soluble in alkalis. In dry ammonia gas, 
morin assumes a deep yellow colour, and increases in weight by 12-3 p.,c. liromo- 
nioric cuddy C’*H’Br*0*, formed by triturating moric acid with bromine, crystallises 
from alcohol in microscopic needles mostly grouped in tufts. 

When an alkaline solution of moric acid is treated with sodium-amalgam, the 
liquid first becomes indigo-blue, then green, finally yellow, and at the end of the 
reaction contains phloroglucin, formed according to the equation : 4 - «« 

2OH*0*. When an alcoholic solution of morin acidulated with hydrochloric acid is 
trea^ with sodium-amalgam, it turns purplo-red, and finally also yields phloro- 
glucin ; if, however, before the reaction is complete, the deep purple solution decanted 
from the sodinm-amalgam be evaporated over the water-bath, it deposits pufple-rod 
prisma of a body having the samd composition as morin, and therefore designated as 
isomorin. This substance heated either alone or in alcoholic solution, or more 
quicUy by treatment with alkalis, is reconverted into ordinary morin, even when the 
air is completely excluded. Its solution mixed with alum exhibits a characteristic 
dieh^ism. Morin fused with potash yields phloroglucin, together with a little 
oxalic add. 
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Morin in alcoholic solution is not fluorescent, but exhibits a beautiful green 
fluorescence, like that of uranium glass, on addition of an aluminium salt. Zinc 
salts produce a faint yellow fluorescence, which becomes very deep on addition of 
alum. Many metallic salts produce no fluorescence in a solution of morin, and 
prevent the development of that produced by aluminium salts. Acetic, hydrochloric, 
nitric, sulphuric, phosphoric, and arsenious acids neither produce fluorescence nor 
prevent that developed by aluminium salts. Boric acid produces a yellow, silico- 
fluoric acid a dark green fluorescence. A morin solution rendered fluorescent by 
aluminium acetate deposits on boiling a yellow compound of morin and alumina, 
and the solution then no longer exhibits fluorescence. Morin is oxidised by chromic 
acid, and the oxidised product no longer gives rise to fluorescence. Silver nitrate 
oxidises it, with separation of silver, but the Altered liquid, if it has not been 
heated, exhibits a beautiful yellow fluorescence. Auric chloride acts in the same 
manner. The alcoholic solution of the aqueous extract of Kuba wood (the best kind 
of fustic, Moritz tinctorid) is dark garnet-red by transmitted light, and fluorescent 
with dark green colour by reflected light. Alum or any aluminium salt added to this 
solution much diluted with alcohol, produces the green fluorescence above mentioned, 
which must be due to the morin contained in the extract, inasmuch as solutions of 
maclurin do not produce it (Goppolsroder, J. pr. Chem. ci. 406 ; civ. 10 ; Zeitschr. /, 
Chem, [2] iv, 154, 607). 

VtOHLJUtJ^TK or TCORINBOITS, According to W. Stein {J. pr. Che?n. xcvii. 
234; Jahresh. 1866, p. 645), moriiidin is not identic^il with ruborythric 'acid, as 
suppose^l by Rocbleder (iii. 1048), being distinguished from the latter by its in- 
solubility in ether, the violet colour of its barium-compound, aud its reaction with 
potash. It melts at 245'’, but yields even below that temperature a crystnllino 
sublimate of morindono. This latter substance is regarded by Stein as different 
from alizarin, on account of its giving somewhat different coloured reactions with 
sulphuric acid and with ferric chloride. Ho assigns to morindone the formula 
Brom the exporiinents of Stenhouse, however, morindone appears to be 
identical with alizarin (iii. 1048). 

IMCOXtOXOXiXTB. A potassio-ferric sulphate, K’0(Na®0)S0* + 4(Fo®0* .SO*), 
from an American locality (Shepard, Jahresb. 1866, p. 952). 

XVCOXtPRXlVB. — This alkaloid, in contact with a solution of moJvhdic 

acid in strong sulphuric acid, assumes a violet colour, changing to blue and aingy 
green. With solid nitrates^ especially those of potassium, sodium, and mercury, the 
sulphuric acid solution of morphine forms after a while a blood-red zone, and with the 
dissolved salts a violet liquid, changing to brown or brownish-yellow (Frohde, 
Zeitschr. anal. Chem. v. 214). 

On the characters of sublimed morphine, see Alkai-oids (p. 87). 

An aqueous solution of a morphine salt mixed with excess of iodine^ deposits a 
crystalline precipitate of n tetriodide, which may be recrystallised 

from a strong solution of potassium iodide, but not from alcohol (Jorgensen, Zeitschr. 
f, Chem. [2] v. 673). 

A compound of morphine and zhic chloride^ .ZnCl* + 2H®0, is obtained 

in vitreous granules by mixing the alcoholic .solutions of the two bodies, carefully 
dissolving out the separated zinc oxide by hydrocliloric acid, and cooling the hot 
filtrate. The salt is also said to crystallise with 7 mol. water (Grafinghoff, Jahresb. 
1865, p. 446). 

Estimation of Morphine in Opium. — 1. Two grams of chopped opium are macerated 
with 8 c. c. of a solution of ammonium oxalate (to decompose the calcium meconate), 
triturated after some hours, then thrown on a filter^ and washed with 6 c. c. water. 
The filtrate mixed with an equal volume of 80 p. c. alcohol, and then with ammonia 
to alkaline reaction, is left for 24 hours in a closed flask and frequently agitated, 
and the flask is washed out with a small quantity of 40 p. c. alcohol. The dried 
filter with its contents is returned to the uncleansed flask, and after addition of a 
few drops of the alcoholic tincture of St. Martha wood, is treated with a slight excess 
of an exactly measured titrated solution of oxalic acid, containing 4*42 crystallised 
acid in a litre, of which from 10 to 16 c. c. are sufficient (the acid liquid turnf 
yoilotr)j then diluted with 100 c. c. water, and the excess of acid is determined by 
means of a dilute titrated solution of soda. Each cub. cent, of the oxalic acid 
solution col^responds to 0*2 p. c. morphine (Fleury, J, Pharm, [4] vi, 99). 

2. Guilliermond {ibid. vi. 102) gives the following modifications of his fbrmor 
process (iii. 1063). Fifteen grams of opium are triturated to complete comminution 
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ifitJi 120 c. c. of 70 p. c. alcoliol ; the mixture is introduced into a glass vessel and 
repeatedly a^tated, after the weight has been made up, if necessary, to 125 grams; 
the liquid is filtered after a while ; and 80 c. c. of the filtrate (containing 10 grm. opium) 
are introduced into a wide stoppered glass. Two grams of the ainmoniacal liquid are 
then transferred by moans of a drawn-out pipette to the bottom of the vessel, and 
the stopper is introduced without allowing the two liejuids to mix. After 36 hours 
the moraine is found sepamted in thick reddish crystals, the narootine in slender 
wiiite needles; tlio two alkaloids are separated by lovigation, and the morphine is 
washed with boiling water. Stronger or weaker spirit is not so well ailaptod for the 
separation. As, however, a considerable quantity of morphine remains dissolved in 
the 70 p. c. alcohol (i of the whole amount, accoixling to Giiilliermond), the results 
obtained by this process are not absolute, but only comparable under similar 
conditions, 

3. Schachtrupp {Zeitsehr, anal. Chcni. vii. 281, 509) describes a method founded on 
the solubility of narcotine and the insolubility of morphine in Vienzol, and the cjisy 
solubility of morphine in amylic alcohol. A weighed quantity of opium is treaUKl 
with a solution of sodium carbonate till the opium is ooinjileti'ly eoinminulod ; tho 
still alkaline mixture is evaporated over the w’utor-bath ; the dry dusty residue is 
digested several times with hot benzene ; the filtor tlirough whieli the liquid has passed 
is added to the residue; the remainder of the benzene is evajMirated oft; and the 
residue is exhausted with boiling amylic alcohol. The greater part of the morphine 
then crystallises from the united extracts on cooling. The amylic alcohol is decant od 
and the greater part of it distilled off; the brown residue is agitated while still hot 
with water containing hydrochloric acid ; the cry-Htuis previously obtaincHl are 
dissolved in the same liquid ; and the solution is evajMiratod to twice the weight of 
the opium used, then filtered, and procipitateil with ammonia. The morphine thus 
separated, which is still coloured, but otherwise pure, is collected after 24 hours, 
washed, dried, and weighed. Two samples of Smyrna opium tlins treated yielded 
8‘30 and 8’29 p. c. morphine; the same samples treated by Merck's ])roc©ss gave 
respectively 7’96 and 8*01 p. c. 

For the preparation of morphine also, Schachtrupp rocommeiid.s the treatment of 
opium with swium carbonate, and preliminary exhaustion of the dried mass with 
hot benzene. The residue again dried is drenched with water; stnmg acetic acid is 
added ; the mixture warmed for some time and strained ; and llio nridissolved portion 
is treated several times in the same manner. Tlio united extracts evapftraiod down 
to twice the weight of the opium used are mixed witli a slight oxcoss of ammonia, 
and the morphine which separates after some time is redissolved in acetic acid and 
precipitated by ammonia. For final purification it is dissolved in boiling amylic 
alcohol, from which it separates in colourless crystals witliout the use of animal 
ciiarcoal. 


Derivatives of Morphine, 

Apomorpliine or Apomorpbla. C'’H‘’NO* (Matthicssen a. Wright, Proc. Doy, 
Soc. xvib 455, 460).— An organic base differing from morpliino by wjntaiiiing IlH) 
less, and produced : J, By heating morphine in a sealed tube to 140^^-160^ for two or 
three hours with a i&rge excess of hydrochloric acid : 

» U^O + 

2. From codeine (which has the composition of methyl-morphine) by similar treat* 
ment: 

C>«H*»NO» -I- HCl s CH»C1 + H*0 + 

Codeine. Methyl- Apomorphlne. 

chloride. 

The methyl chloride formed in the second case collects on cooling on the top of the 
Uny contents of the tube, and escapes as gas when the tube is opened. The residue 
in this OP in the first process contains the hydrochloride of apomorphine, and when 
dissolved in water, and precipitated by sodium carbonate, yields, on extraction with 
ether and agitation with hydrochloric acid, crystalline hydrochloride of apomorphine, 
from which the base may be precipitated by sodium bicarbonate, as a snow-white 
crystalline mass, which quickly turns green on exposure to the air. The green mass 
is partly soluble in water, communicating to it a fine emerald colour, in alcohol with 
green, in ether and benseoe with splendid rose-purple, and in chloroform with violet 
colour. 

Mydrochloride of apomorphine may also be prepared by digesting morphine with 
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•excess of hydrocliloric acid under paraffin on the water-bath for some days, It is 
anhydrous. When exposed to the air in the moist state, or heated in the dry state, it 
turns green, like the free base, probably from oxidation, as it exhibits an increase of 
weight. 

Apomorphine differs greatly from morphine in its relations to solvents and reagents. 
It is soluble in alcohol, ether, and chloroform, whereas morphine is almost insoluble 
in the last two liquids, and but sparingly soluble in cold alcohol. In water aponior- 
phine is slightly soluble, especially in presence of carbonic acid, whereas morphine is 
nearly insoluble. 

The following comparative reactions are exhibited by solutions containing each 
1 per cent, of the hydrochloride of the base : 


Beagents 

• 

MorpWne 

Apomorphine 

Caustic potash 

No pp. Stronger solutions 
give a white pp. easily 
soluble in excess, with- 
out decomposition 

White pp. soluble in ex- 
cess, speedily blacken- 
ing 

Ammonia 

No pp. Stronger solu- 
tions give a crystalline 
white pp. insoluble in 
excess 

White pp. soluble in ex- 
cess, very speedily 
blackening 

Lime-water 

No pp. Morphia dissolves 
readily in lime-water 

White pp. solublb in ex- 
cess, slowly darken- 
ing 

Sodium bicarbonate 

No pp. Stronger solu- 
tions yield a white un- 
alterable pp. slightly 
soluble in excess 

White pp. slightly soluble 
in excess, turning green 

Strong nitric acid 

Yellow-orange colour, 

almost bleiiched on 
warming 

Blood-rod colour, becoming 
paler on warming 

Neutral ferric chloride 

Greenish-blue colour. 

Morphine alone gives 
a pure blue colour 

Bark amethyst colour 

Potassium dichromate 

— 

Dense yellow-orange pp., 
soon decomposing 

Potassium dichromate 
and strong sulphuric 
add 

— 

Bark red coloration 

Silver nitrate 

Very slowly reduced 

Quickly reduced, even in 
the cold 

Potassium iodide 

No pp. with concentrated 
solution 

White non-crystalline pp. 
speedily becoming 

green 

Platlnic chlcaride 

Yellow crystalline pp. in 
stronger solutions 

Yellow pp. ; decomposes 
on warming 

Mercuric chloride^ so- 
dium phosphate, 

fwnmoiiium oxalate 

The morphine precipitates with these reagents are much 
more soluble than the corresponding predpitates of 
apomorphine 
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The physiological action of apomorphine is also Tery different from that of 
morphine ; a very small dose of the former speedily produces vomiting and consider- 
able depression, but this soon passes off, leaving no ill effects. Tlie liydrochlorido is 
a non-irritant emetic and powerful antistimulant ; ^^5 of a grain of this salt sul)- 
cutanwusly iryected, or ^ gr. taken by the mouth, produces vomiting in from four to 
ten minutes. 

Oxjrmorpliine. C>’H>»NO« (Schiitzenbergor, BulL Soc. Chim. [2] iv. 176).-~Whon 
a solution of morphine hydrochloride is heated to 0.0° with an equivalent weight of 
silver nitrite, nitrogen dioxide is evolved free fixmi carbon dioxitlo, the liquid becoming 
yellow and slightly alkaline. At the end of the reaction the precipitated silver 
chlori<lG contains the greater part of the morphine in the form of oxymorphino, which 
may be separated from the silver chloride by solution in water containing hydrochloric 
acid. The C‘’H“»NO«. HCl, thus obtained, crystallises in microscopic 

needles easily soluble in hot water, insoluble in alcoliol ; it has a slightly bitter taste, 
and docs not appear to bo poisonous. Ammonia separates the base in the form of a 
powder which redissolves in a largo excess of the precipitant, and snparsitos in small 
netHlles on boiling. It is quite insoluble at the boiling heat in water, alcohol, and 
ether, has no taste, melts at about 24/)°. The platinockhride, 2{C'’H'“NO* . HCl) . PtCl\ 
is an amorphous yellow powder easily decomposed by boating with platinic chloride! 
The sulphate, 4C*’n*‘’NO'. IPSO* (at 140°), is slightly soluble in cold water, and 
sepanatos in small needles on mixing the hydrochloride with snlphuric acid. 

By the prolonged action of silver nitrite on morphine liydochloride, another base is 
protluced closely allied to the preceding, namely oxy morphi n o hydrate, C”IP‘NO\ 
It dissolves more readily in cold ammonia, and se])aratcs therefrom at the boiling heat 
in crystalline grains (compare iv. 313), 

MtTCSUXZf. This name is applied by Ritt hausen to a constituent of whoat- 
gluten soluble in alcohol, and to a similar, if not identical compound, forming part 
of the protcn-sul .stance of rye. Whoat-muccdiTi was formerly called mitcin. Re- 
specting the preparation and properties of those Kub.stjincGS, see Rittliaiisen (J, pr, 
('hem. xci. 293; xeix. 439 ; IhiU. Soc. Chim. [2] viii. 132; Jahresh. 1864, p. 62^) ; 
1866, p. 716; Gmelin's Handbook, xviii. 443, 444). Tlie gelatinous substance of the 
vineyard snail {Helix poimtia)hii\m callcMl mucin by K. Kichwald, who has doscribod 
its preparation and properties {Ann Ch. Pharm, cxxxiv. 177 ; Bull, Soc. Chim. [21 Vi 
308 ; Jahresh. 18G8, p. 649 ; Gmdin's Handbook, xviii. 310-347). 

XIKY7GOBXIOMIC, MVCOCBZ.ORZC, and lOVCOVrZC ACZDB. See Pybo- 

wucic Acid, iv. 763 ; also v. 1093. 

MXTR&ATm. (Bias, Zeitschr, f. Chem. [2] v. 316).-~Aglucosido, pre- 

pared by de Vrij from Murraya exotica, an Kjist Indian plant. It occurs in all parts 
of the plant, but chiefly in the petals. Tliese are repeatedly exhausted with boiling 
water ; the evapo j'a ted extra, ct is l,rcated with cold water to remove colouring matter, 
extractive matter, &c. ; and from the undissolved residue, murrayin, and a product of 
ita decomposition, mu^rayetinj are extracted by absolute alcohol. The latter is 
precipitated by uq alcojiolic solution of lead acetate ; the remaining liquid, freed from 
load by hydrogen sulphide, is evaporated to dryness ; the residue is dissolved in the 
smallest possible quantity of absolute alcohol ; and the solution, decolorised with 
animal charcoal, is left to crystallise. 

Murrayin is a white light powder consisting of small needles, inodorous, slightly 
bitter, and not at all poisonous. It dissolves sparingly in cold, easily in boiling 
water and alcohol, but is insoluble in ether; the solutions have a neutral reaction, 
^d leave the murrayin, when evaporated, in the form of an amorpl^ous jelly. 
Murrayin crystallises from absolnte alcohol. The a ir-driod crystals contain 
+ H*0; they give off 1 mol. water (2’7 p. c.) at 11A°, and the residue molts at 170®, 
Murrayin dissolves easily in alkalis and alkaline carbonates ; the concentrate^! solu- 
tions quickly turn yellow, become brown when heated, and are decolorised by acids 
without precipitation. The alkaline solutions exhibit a yellow fluorescence b^ 
transmitted, greenish-blue by reflected light. The aqueous solution does not exhibit 
this fluorescence ; but the addition of the smallest quantity of murrayetin develops it 
immediately. The aqueous solution is not precipitated by iron, copper, mercury, op 
lead-salts, excepting basic lead acetate. Murrayin reduces ammoniacal silver solu- 
tion at a gentle heat, and Fehling’s solution at 100®. Stronp; sulphuric acid disiwlvM 
it with deep yellow colour. By heating with dilute sulphuric or nydrochloric acid, it 
IS resolved into murrayetin and glucose ; 

+ 2HK) « C**H**0'» + 2OH**0*, 

Murrayetin dywtallises in needles aggregated into a white, light, silky mass; 
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lometimesjJio iojlMilitfMM. The crystals contain and gira 

c.) over sulphuric acid. Murrayetin heated in an air-bath 
^f^een watch-glasses melts at 100^, and sublimes partially in shining crystals. It 
is tasteless and scentless, slightly soluble in cold, more freely in boiling water, easily 
in alcohol, less easily in ether. The concentrated solutions have a faint acid reaction, 
and all the solutions are fluorescent. Caustic alkalis and alkaline carbonates dissolve 
murrayetin with yellowish colour, and intensify the fluorescence. These solutions 
when heated acquire a deeper yellow colour, but lose their fluorescent property, which 
is moreover not restored by neutralisation. Ferric chloride produces in the aqueous 
solution a fine blue-green colour ; lead acetate a yellow colour ; and soon afterwards 
a yellow precipitate, which is decomposed by washing with water, 

MTCO-XNXrLnr. A substance resembling inulin, occurring in 

a kind of truffle (Elaphmyces grannktns). Its aqueous solution is not altered by 
iodine-water, ferric chloride, ferrous sulphate, mercuric chloride, mercurous nitrate, 
basic lead acetate, baryta- water, lime-water, or ammonium oxalate. It is neutral, and 
prevents the precipitation of cupric oxide by caustic soda, but does not reduce it on 
boiling, Boiled with dilute sulphuric acid, it yields sugar (Ludwig, Zfiitsckr.f, Chern, 
[2] vi. 668). 

MTBLIV. Neuhauer has shown that the peculiar forms designated by this name 
(iii. 1069) may be produced in various ways, without the presence of cholesterin or 
protagon, e.g. by adding a drop of ammonia to a drop of oleic acid on the object-glass 
of a microscope, or a drop of water to the white greasy mixture of oleic acid and 
ammonia : he therefore regards the production of these forms as a purely physical 
phenomenon {Zeitsekr, anal Chm. vi. 189 ; Jahmh, 1867, p. 781). 

MTBLOXDXnr and KTELOXBXC ACZX). These names are given by Kohler 
{Chem, Centr, 1867, pp. 406, 1022; Jahresb. 1867, p. 809) to two phosphoretted 
bodies which he has extracted from brain. The first is described as neutral and 
yielding with lead-acetate a precipitate containing C^®H^TbNPO’° ; the second is said 
to yield a lead salt containing C^*H‘*^PbNPO“, 

MTOCTONIC ACZB. An oily narcotic acid substance obtained by distilling 
the acidulated juice of Palicotirea Maregravii (Peckolt, Arch. Pharm, [2] cxxvii, 93). 

MT08ZK. See Musculae Tissue (iii. 1065). 

MYIIBH. According to Bruckner {N. Eep. Pharm. ivi. 76), this gum-resin 
contains in 100 pts. : 


Substances soluble in water (vegetable mucilage and arabin) . 67*76 

Rosin insoluble in ether 4*81 

Resin soluble in ether 12*57 

Resin soluble in carbon bisulphide . , . • • 14'06 

Substances soluble in alcohol and water . • • • 0*43 

Insoluble (sand, bark, &c.) . . . . . • • 0*38 


According to Hlasiwetz a. Barth, myrrh is okidised slowly and partially by potash, 
yielding protocatcchuic acid and a small quantity of pyrocatechin {Jahresb. 1866, 
p. 630), 
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jr A VKTB AXiSMTB. — On the constitution of this hydrocarbon, see 

Aromatic Series (p. 212). It is produced, togothor with others, by the decomposi- 
tion of several of the aromatic hydrocarbons, wlion their vapours are passed Uiroutrh 
a red-hot tube : 


4C’IP == 


+ 

3C-II* 

+ 

3H». 

Toluene. 

Naph- 

thalene. 


Benzene. 



SC-H'® =» 

C“'II» 

+ 

2Cai* 


3H». 

Xylcuo. 

Naph- 

thalene. 


Toluene. 



2C»H‘2 « 

C10H8 

+ 



3II». 

Cumene. 

Naph- 

thalene. 


Xylene. 




Also when a mixture of the vapour of benzene, cinnameno, anthracene, or chrysene 
with ethylene gas is passed through a red-hot tube : 

C«H« + 2C2H< « C'oH* + 3IP 

C«H® + cm* - C'«H» + 2H» 

+ C'K* - + C*H* 

-f. 2C^H< = enP + 2C-H‘ 

(BoHhelot, Bull. 8oc. Chim. [2] vi. 272, 279 ; Jahrcffh. 1866, p. /542~5I6). It occurs 
in liangoon petroleum, separating at the temperature of a mixture of ice and salt 
from the portion which boils between 208'^ and 209^ (corr.) (Warren a. Storor, Mem, 
Amcr. Acad, ix. 208). 

H. Vohl {J. pr. Chem. cii. 29) describes the preparation of naphthalene on the 
large scjvle. He finds that wlien purified by treatment with acids and alkalis and 
repeated rectification, it has a sp. gr. of 1-I5I73 at melts at 79-25°, and boils at 
217°-218° (compare iv. 6). When formed into sticks like sulphur, it has the aspect 
of alabaster, cracks in the warm hand, and becomes negatively electric when rubbed 
with silk. Fused naphthalene absorbs a largo quantity of air, which it gives off 
again with ctfen'esconco shortly before solidifying. Sulphur, phosphorus, and the 
sulphides of arsenic, antimony, and tin, are easily dissolved by boiling naphthalene, 
and separate for the most part in the crystalline form on cooling. Indigo is likewise 
dissolved by it, and remains in the form of slender copper-colourcd needles when the 
cooled mass is treated with alcohol. Iodine, mercuric chloride and iodide, arsenious 
oxide, succinic, benzoic, and oxalic acids, dissolve with moderate facility in boiling 
naphthalene. When naphthalene is brought in contact with the strongest nitric 
acid, HNO*, a large quantity of water added, and the resulting precipitate, after 
washing with dilute alcohol, is mixed with a little hydrate and sulphide of potassiunii 
and dried, the residue dissolves in alcohol with violet-red colour. 

Decompoeitions. — 1. According to Kletzinsky (JhAresfi. 1866, p. 561), naphthalene 
vapour passed through a red-hot tube is resolved into marsh gas and very finely 
divided carbon, available for making printers’ ink, &c. According to Bcrtholot (Bull, 
Soc. Chim, [2] vi. 281), naphthalene undergoes no alteration at a red heat.-t-2. It ia 
but slightly altered by heating with hydrogen ; at a bright rod heat, however, small 
quantities of benzene and acetylene are prSitc^ : + H* *■ C*I1* + 2C*H*. — 

3. It acta rapidly at a red heat on acetylene^ apparently forming anthracene : 

+ 2C*H* = With benzene at a white heat it forms anthracene, 

C'*H* + 3C*H* « + 3lP(Berthelot,f5nf. vi.280; vii.292,293). 

_ 5. Heated to 280® in a sealed tube with 20 pts. of saturated aqueous kyariodio acidt it 
yields a liquid chiefly consisting of naphihaleno hydride, (Berthelot, Jahreth, 

1867, p. 709). If the heating be continued somewhat longer with 20 pts. of the acid, 

3 mol. iodine are separated, and diethyl-benzene, is produced, tc^ether with 

ethyl-benzene, as the chief product, and n small quantity of benzene. WTien 
naphthalene is heated with 80 pts. of saturated hydriodic wid, 19 to 20 mol. iodine 
ufe separated to 1 mol. naphthalene, the chief product being dccane, C**H**, with 
Btnaller quantities of octane, hexane, ethane, and nw hydrogen. The same products 
we obUinod with porchloronaphthaleue, C**CF, the octane however predominating. 
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With 25 pts. acid to 1 pt. naphthalene, the reaction goes on in the same mancf*^ 
as in the last two cases, excepting that carbon is separated, and the more volatile 
products contain quintane or amyl hydride (Berthelot, Jahresb. 1867, p. 709). 

6. By boiling with a solution of potassium 'permanganate- it is oxidised to phthalic 

acid, and carbon dioxide. With sulphuric acid and potassium dicKromate (ot 

lead dioxide) it likeudse yields phthalic acid, together with dinaphthyl and an acid 
having the composition G'‘*®H**0*. With sidphuric add and manganese dioxide the 
products are phthalic acid, dinaphthyl, and a rod rosin. The formation of dinaphthvl 
C*“H**, is represented by the equation: 2C‘®H» + O + H*0 fLosJn 

Ann, Ch, PJtarm. cxliv. 71). ’ 

7. Naphthalene heated with silver oxide (to 250°) or with cupric oxide (to 400®) 

yields several beautifully crystallising hydrocarbons, among which are C®H* C«II« 
and C*H*. ' 

8. When potassium cJdorate is added by small portions to a mixture of naphthalena 
and strong sulphimc acid, chlorous acid is evolved, and acts upon the naphthalene, 
partly by oxidation, forming phthalic acid and carbon dioxide, partly by direct 
addition, forming chloroxynaphthalic acid, C*®H^C10*: 

C'«H« + 3C1H02 « C'«H’C10* + 2nCl + 
partly so as to form dichloronaphthalene, according to the equation : 

C'«H» 4 - CPO* - C'®H«C12 + H^O + O*. 

Lastly, a chlorinated sulpho-acid, C*®II*ClSO*, is formed in considerable quantity 
(Th. Hermann, Ann. Ch. Vharm. cli. 1). 

9. Naphthalene or broraonaphthalene, heated with fuchsine, yields a violet colouring 
matter, resembling Hofmann’s violet, perhaps consisting of rosaniline with 1 at. 
hydrogen replaced by naphthyl, C'®H' (Bjillo, Dingl. pol. J. cxcv. 82; Zeitschr. f. 
Chem. [2] vi. 283). 


Compounds of Naphthalene, 

Acenaphthene or Acetyl-naphthalene^ C**H’® = C*H*.C*®H*, isomeric 
with diphenyl, has been already described (p. 3). 

Respecting the chlorides of naphthale7ie^ see Culoronapthalenes (p. 845). 

Naphthalene Hydride^ C*®H’*, is found amongst the heavy oils of coal-tar 
boiling between 200° and 220°. It is produced by heating naphthalene to 280° in a 
sealed tube for a short time with saturated aqueous h3’^driodic acid (20 pts.). It is a 
viscid liquid, having a strong disagreeable odour, and boiling between 200° and 210°. 
Heated to redness in a scaled tube, it i.s resolved into naphthalene and hydrogen. Witli 
cold nitric acid it forms, without evolution of gas, a solution from which water throws 
down a liquid smelling like naphthalene and nitrobenzene. It is dissolved by strong 
sulphuric acid with aid of heat ; by the fuming acid at ordinary temperatures, forming 
a sulpho-acid which is soluble in water, anthis attacked by bromine with evolution of 
hydrobromic acid. 

Together with the hydride just de.scribed there is formed a small quantity of 
another hydrocarbon boiling at 190°, probably a second naphthalene hydride, 
(Berthelot, Jahresb. 1867, p. 709). 

Napthalen e-potassium^ C’®H*X*, analogous to the Ijydride above described, is 
formed by fusing naphthalene in a glass tube with a small quantity of potassium, 
pon^oving the black crust which covers the metal by pressure with a glass rod as fast 
as it forms, and boiling the black pulverulent product with benzol to remove unaltered 
naphthalene. With water it yields potassium hydrate, and, t<^ether with naphtha- 
lene, a hydrocarbon (C'®H>®?) more fusible than the latter (Berthelot, Bull, Soc, 
Chirn. [2] vii. 110). 


Buhstltuiion-derivaiives of Naphthalene, 

Sromonaplitt&alenes (Glaser, Ami, Ch. Pkarm. cxxxv. 40). — Monohromo- 
naphthalene^ C*®H’Br, is obtained by mixing a solution of naphthalene in carbon 
bisulphide with 6 at bromine, and distilling the liquid which remains after the carbon 
bisulphide has been driven off. It is a colourless strongly refitting oil, having » 
sp. gr. of 1*555 and boiling at 286°. Dissolves easily in alcohol and ether ; takes up 
naphthalene and iodine, but does not combine with the latter ; is not decomposed by 
alcoholic potash, but is reconverted into naphthalene by sodium-amalgam. WahUbrss 
{fhihresb. 1865, p. 564), by slowly adding bromine in rather more than the theoretical 
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quantity to naphthalene immersed in water, and repeiitedly distilling the heavy oily 
layer, first with water, whereupon naphthalene passed over, then by itself, obtaineil 
nionobromonaphthalene (with a residue of dibromonaphthaleno) as a liquid having a 
f,p. gr. of 1*503 at 12°, boiling at 277°, and forming with nitric acid a cry stalli sable 
11 i tro-com potind . 

Monobromonaphthalene heated with cthylic chlorocarbonate in presence of sodium^ 
amalgam is converted into naphthoic acid, C>*H^CO*(C*H*) (Eghis, p. 851). 

A picrate of bromonaphthalene^ C‘®H’Ilr.C*ll\NO-)''0, is produced by heating naph* 
tlione-picrate with 1 mol. bromine and carbon bisulphide to 100° in sealed tubes. 
Iwhen recrystaUised from chloroform, it forms long shining yellow needles which 
molt at 133° (Wichclhaus, Bent. chem. Gcs. 18G9, p. 305). 

Dihr onion aphthalene^ C’‘‘H®Br^ is formed by mixing naphthalene with the 
required quantity of bromine, and may bo purified by washing with a little alcoliol 
and recrystiillising from hot alcohol. It exists in two modifications, one of which 
crystallises by slow cooling in long silky neeilles molting at 81°, while the (>lher, 
which is more soluble, separates from the mother-liquor in nodular crystals melting at 
76° (Glaser). 

Two other modifications of dibromonaphthaleno are obtained as sc'condary prtjdnetM 
in the reaction of bromine on the aqueous solution of a-naphthylsulphurous acitl 
(p. 860), the bromonaplithylsulphurous acitl whicli is the first product of this roaetlt>n 
being partly converted into dibromonaphtlialenes by tlu^ hyilrobromic acid fornietl at 
the same time. The dibromonapihtlialenes separate as an oil whit‘h soUdilics to a 
cryKtallino cake; and on dissolving this cake in hot alcohol, one of them, which is 
blit slightly soluble therein, quickly separates in microscopic needles melting at 
126° to 127°. The mother-liquor afterwards deposits tlie other nuxlificatiou in 
beautiful, shining, colourless needles, melting at 7(>°-'77°, and boiling without decom- 
p<iKition at a temperature above the boiling jx>int of mercury. Tliis nuxlification 
agrees in melting point with one of those described by Ghis(‘r, butdifTers in crystalline 
form, and in being soluble only in hot alcohol (Uiirinstadter a. Wichclhaus, Ann. 
Vh. Vharm. clii. 304). 

Trihro nionaphihalc7ie, is gradually depo.si led from tlie oily secondary 

products obtivined in the preparation of tetrabromonaphliialeno di hydrobromide, and 
forms, after rocrystallisation fixmi alcohol, wliitn needles melting at 75°, easily soluble 
in alcohol and ether, and not decomposed by alcoholic pohish. 

^ Tetrahromonaphthalcne., is pnxluced by dig<‘sting dibroraonaphllm- 

lene with an equal weight of bromine at 60°-70"', and washing tlu; solidified product 
with other. It crysbillises from benzol in stellate groups of white Hlomler needles 
nearly insoluble in alcohol, sparingly soluble in ether, distilling witUovit decomposi- 
tion, and not altered by alcoholic potasli. I'ctraliromonajihihalene'diht/drobromide^ 
= C-®Il*Br\ 2ilBr, is always formed wlion naphtbalmo is left in contact 
with excess of bromine at ordinary temperatures. When bromonaplithalono is troutwl 
with bromine in various proportions, ncconling to Bjinront’s directions (iv. 11), oily 
secondary prcxlucts are always formed, together with tri- and tetra-bromonaphthalono, 
the last in especially large proportion under the influence of heat and in sunshine. 
Tlie oily b<jtlies probalily consist of the monohydrobromidos of di-, tri-, and Ustra- 
bromonaphthalene ; they are all converted by excess of bromine into the cr>mpi>und 
Tliis latter, when freed from the oily bodies by ether, crystallises from 
benzol or carbon bisulphide in colourless rhombic prisms with their acute edges trun- 
cated, and with t-wo brachydi agonal domes. Axes a\h \ c «= 0’642 : T4035 ; 1. It 
melts when heated, and is then resolved into tetrabromonaplithalenc and hydrobromic 
acid. By strong nitsic acid it is converted into a viscid resinous mass, a volatile 
[probably dibroraodiiiitroform, CBr*(NO*)*j, and dibroiiiophtlialjc acid, 
C*li*Br*0*, which remains in solution (Glaser). 

Pentabromonaphthalene^ C'®H*Br*, formed by heating 2 pts. of tetrabromo- 
naphthalene with 1 pt, of bromine to 160°, crystallises from benzol, after washii^ 
with ether, in white crystalline grains. It is insoluble in alcohol, scarcely soluble in 
ether, volatile without decomposition, docs not unite with a further quantity of 
bromine, and is not decomposed by alcoholic potash. By prolonged treatmfent with 
strong nitric acid, it appears to be converted into bromonitroimphthalic acid, together 
with other bodies not yet examined (Glaser). 

(Faust a, Saamo, Zettschr. f. Chem, [2J v. 705).— -Fure 
dry chlorine was passed in a rapid stream into pure fused naphthalene till the nuiM 
assumed a buttory consistence on cooling. .This mass was then mixed with liffTOtfi 
(petroleum naphtha), the liquid filtered, the crystalline residue washed on a filter 
yrith ligroiD and purified by repeated cjystallisation from chloroform : the product 



NAPHTHALENE. 


m 

thus obtained was naphthalene tetrachloride. The ligroin having been distilled off 
from the filtrate, the liquid residue was mixed with alcoholic potash and precipitate 
with water; and the oil thus separated, after being dried, was fractionated to constant 
boiling -points. In this manner were obtained monochloronaphthalene and two 
isomeric diehloronaphthalenes. The distillates which could not be brought to con- 
stant boiling points were again treated with chlorine till they partly solidified, then 
mixed with ligroin, and the crystalline residue, consisting of dichloronaphthalene 
tetrachloride, was washed with ligroin and recrystallised from chloroform. The 
filtrate freed from ligroin by distillation yielded heptachlorodinaphthalene. In another 
experiment the passage of chlorine was continued at a gentle heat till the chlorinated 
naphthalenes formed on cooling a viscid oil which, when mixed with ligroin, deposited 
after a few days, hard crystals of monochloronaphthalene tetrachloride. Another 
portion of this thick oil was treated with chlorine at a higher temperature till tho 
chlorine passed through unabsorbed, whereby a very viscid oil was produced, which, 
after washing with ligroin, was quickly converted into long yellow needles of /3 tetra- 
chloronaphthalene. This body is the final product of the action of chlorine on heated 
chloronaphthalenes ; it does not appear possible to introduce a larger proportion of 
chlorine, even with aid of iodine. (See, on the contrary, p. 847.) 

Additivk-products. — 'Naphthalene Tetrachloride^ C’®H®C1'*, crystallises from 
chloroform in large rhombohodrons, melts at 182°, and is decomposed by boiling with 
alcoholic potash, yielding a dichloronaphthalene. 

Monochloronaphthalene Tetrachloride, C'“H’C1.CI*, crystallises from chloroform in 
clinorhombic prisms melting at 128°-130°; with boiling alcoholic potash it yields 
trichloronaphthalone. 

Dichloronaphthalene Tetrachloride, C‘®IPCF.CP, crystallises from chloroform in 
four-sided clinorhombic prisms melting at 172° ; conveited by boiling alcoholic potash 
into a tetrachloronaphthalono, and by boiling with nitric acid into dichlorophthalie 
acid. 

It is remarkable that each of these three bodies contains four additive atoms of 
chlorine. They are nearly inodorous, dissolve sparingly in alcohol, somowbat more 
easily in ligroin and in ether, most easily in chloroform. Tho alcoholic solutioua 
mixed with nitric acid and silver nitrate yield silver chloride on boiling. 

Substitution-products. — Monochloronaphthalene, C‘®Ii^Cl, hi a colourless, 
rather mobile oil, boiling at 250°-262°, having a strong odour of naphthalene, and 
not altered by light. Monochlorodinitronaphthalene, C* "IP Cl (NO*)*, is produced by 
adding monochloronaphthalene to fuming nitric acid ; it forms light yellow soft 
needles, which may be kneaded together in the hand, and melt at 104®— 106°. 

Dichloronaphthalene, C'®iPCl*, exhibits two modifications: a. Produced by 
boiling naphthalene tetrachloride with alcoholic potash. Boils at 280°-282°, and 
solidifies on cooling to a crystalline mass which melts at 36°-36°. Of tlie numerous 
modifications described by Laurent as produced by the process just mentioned (iv. 11), 
the authors were not able to obtain one : although they crystallised the o dichloro- 
naphthalene in three fnictions, all three were found to melt at the same temperature. 

/3 Dichloronaphthalene. — The portion of the original chlorinated naphthalenes 
(see above) which boils between 280° and 285^ is a mixture of o and /9 dichloronaph- 
thalene, and partly solidifies in the crystalline form after long standing. When these 
crystals are freed by pressure betw'een bibulous paper from the adhering a modifica- 
tion (which in the impure state is an oil), and frequently recrystallis^ from ether- 
alcohol, pure dichloronaphthalene is obtained in colourless prisms boiling at 281°- 
283° (f.e. at the same temperature a# «) and melting at 68°. Th. Hermann 
Ch. Pharm. cli. 63) has also obtainsd this /8 dichloronaphthalene, crystallising in 
needles and melting at 68°, as one of the products of the action of chlorous acid on 
naphthalene (p. 858) ; he also deffcfibes two other modifications formed at the same 
time, one (apparently identical wiUl Laurent's modification c) crystallising in rumi- 
nated rhombic needles or rhombic laminte melting at 61°; the other crystallising m 
strongly nacreous laminae melting at 92°. ^ . . 

The products formed by treating a and /B dichloronaphthalene with fuming 
acid are difficult to purify, attd therefore not characteristic ; but the bromine substitu- 
tion-products differ somewhat in melting point, a TetrachloroiribromodinaphthaleMj 
C®®H*CBBr* or perhaps C**H®Cl*Br . C‘®H*CI*Br*, is obtained by dropping 4 at 
bromine on 1 mol. of fusad dichloronaphthalene, boiling the red solution, after 24 
hours, with alcoholic potafih, precipitating with water, and recrystallisi^ foom ethei^ 
alcohol. It forms long ffofb white needles melting at 74°-76°. ^ Tetra^hlarw^ 

hromodinaphthalene, C^t*Cl^Br*, obtained in the same manner is exactly like toe 
a modification in external appearance, but melts at 7l®-73°, 
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Trichloronaphthalene, C**H*Cl*, obtained by boiling chloronaphthaleno tetiu- 
chloride with alcoholic potash, crystallises from ether-alcohol in brittle prisms melting 
at 81®. Its nitro-product is a soft, yellow, crysUdline mass. 

Hep iaehlorodinaphthaUne, G“H»CF = C'«H*C1» . C‘®H^C1< (?), crystallises from 
ether-alcohol in very long, yellowish, waxy needles melting at 106®. By prolonged 
boiling with alcoholic potash it is converted into a product which crj'stalliaes from 
ether-alcohol in colourless six-sided prisms melting at 101®- 102®. HepiachIo)'o- 
diniirodinaphthalene, C'-‘'*H*Cr(NO=‘)2 (= C'®Cl<Cl*NO». C'"I1»C1<N0» ?), crystallises 
from alcohol in soft yellowish necxlles molting at 101®-106®. 

Tetrachloronaphthalene, C‘®Il*Cl\ exists also in two isomeric forms: a. Pro- 
duced by boiling dichloronaphthalene tetrachloride with alcoholic pot 4 ish. Crystallises 
from ligroin and ether in soft white needles which melt nt 130°. Its nitro-product 
forms yellow crystalline nodules.— ;3. Forms, as above mentioned, the ultimate product 
of the action of chlorine gas on heated eliloronaphlhalenes. It is originally obtaine<i 
in long yellow needles, but after repeateil crystallisation from alcohol, forms soft 
white ne^les which melt at l.'ie^-loS®. The nitro-pi\>duct is a soft yellow mass. 

All the chloronaphthalenes are easily soluble in ether, ligroin, and chloroform, lest 
ejisily in alcohol ; they have an odiiur of naphthalene, weaker as Uieir amount of 
clilorine is greater, and in the tetrachloronaphthalenes scarcely perceptible. Their 
iiitro-derivatives are mostly soft yellow mas.sts which are difficult to purify, and when 
heated with aqueous soda or ammonia, are partly converted into a brown-red colouring 
matter (Faust a. Saame). 

Pentachloronaphthalene, C’"1I*CF, is produced by heating 1 mol. dichloro- 
naphthoquinone with 2 mol. phosphorus pentachlorido to 180®-200® in a scaled tuba 
till the yellow crystals disappear ; 

+ 2PC1» = HCl + 2P0C1> + C'“H*CF. 

On washing the product witli water and dilute soda-loy, and distilling, the pontachloro- 
naplithalere passes over at a, tomperalure above the boiling point of mercury, solidifies 
in X\i6 receiver, and may bo obtained in colourless needles by rocrystiillisation from 
alcohol. It is insoluble in water, slightly soluble in cold, more freely in hot alcohol, 
easily soluble in ether. It melts at lOS'O®, may bo sublimed in needles by cautious 
heating, and distils unaltcrod at a higher temperature. It is not atbickod by alkalis. 
It Is much less easily oxidablo than naphthalene, not being atUieked by chromic acid 
mixture, or by boiling nitric acid of sp. gr. 1*35. By the Jiction of fumiiig nitric acid, 
and more easily by heating it in sealed tubes to 180°~200° with nitric acid of sp. gr. 
M5 to 1*2, it is converted into tctrachlorophtlnilic acid, C^IPCFO* (Graebe, Ann, C% 
Phiirm. clxix. 8). 

Octochloro- or Perchloro-naphthalene, C*®CF. — Berthelot a, Jungfieisch 
{Ann, Ch. Fhys. [4] xv. 332) have prepared this compound — first obUiined by Ijaurent 
(iv, 13) — by treating naphthalene with chlorine, ultimately with addition of antimonic 
chloride. The product, sublimed and recrystallised fix)m airbon bisulphide, exhibits 
properties different from those assigned to it by Laurent. It forms splendid crystals 
belonging to the rhombic system, molts at 136®, and boils with slight decomposition at 
403® ; 20 c. c. of its solution in carbon bisulphide saturated at 16° contained 6 86 gm. 
of the compound. Heated with potassium hydrate, it gives off violet vapours (according 
to Laurent it is not attacked). Heated with hydriodic acid it yields the same products 
as naphthalene. Its vapour passed, together with hydrogen, through a red-hot tube 
yields, together with naphthalene, chiefly resinous and coloured products similar to those 
produced under the same circumstances from naphthalene. 

C^anoaaplitluUenav. Monocyano-naphihalene or Naphthyl Cyanide^ 
C'H’CN, is obtained in two modifications, a and /8, by heating the potasshuu saita of 
the corresponding naphthyl-sulphurous acids with potassium cyanide: 

C'®H'.SO»K + CNK « SO*K* + C“»H»(CN). 

The a cyanide distils over at about 300®, and after a few rectifications fonns a 
colourless liquid having an agreeable odour somewhat like that of bitter almond oil, 
a sharp burning taste, and solidifying in a few days at ordinary temperatures, quickly 
and completely at 0®. It may be easily purified by crystallisation from IigvoIti» 
from which it separates in splendid groups of needles having a satiny lustre. It UMlta 
constantly at 87*6®, and distils at 297®-298° (corr.). 

The 0 cyanide likewise misses over in the first instance at about 300® , as a liquidi 
hut solidifies very quickly at ordinary tempomtures. When purified X'spmted 
crysfallisatiott from ligroin and rectification, it forms a beautiftil white mass re* 
sembUng stsann and melting at 66*5® (i.c. 29® higher than the a compoii&d) td 
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a colourless or yellowish liquid which solidifies on cooling to a mass of crystalline 
nodules. It boils constantly at 304°-305^ (corr.). Has but a faint odour and a slowly 
developed burning aromatic taste. It is nearly insoluble in water, but dissolves 
easily in alcohol and ether, with moderate facility in hot ligroin, and separates in 
great part on cooling in groups of white but somewhat indistinct crystals. Better 
crystals are obtain^ by leaving solutions of the cyanide in ligroin or aqueous 
alcohol to evaporate spontaneously ; it then forms thick colourless scales having the 
aspect of porcelain. 

Both a and ^ naphthyl cyanides are converted by boiling with alcoholic potash into 
the corresponding naphthoic acids, C"HW (p. 851). Intermediate compounds 
are likewise formed having the composition NH-(C*’H'0) (Merz a. Muhlhauser 
Zeitschr. f, Chem, [2] v. 70). 

a Nitrocyanonaphthalene, C*‘'H*(NO-)(CN), obtained by treating a cyanonaphthaleno 
with fuming nitric acid, crystallises from alcohol in yellow needles melting at 81° and 
solidifying at 74°. It yields by reduction a liquid amido-hase whose hydrochloride 
has the composition C'®H*‘(CN)NH^.HC1. The ^ nitro-compoujid cxyhXAxWxa^B from 
alcohol in yellowish-white laminae (Welkov, Dent. chem. Ges. Bcr. 1869, p. 407). 

Dicyanonaphthalene, C*®H*(GN)^ is obtained in three modifications by distilling 
potassium cyanide with the potassium salt; o. Of monobromonaphthyl- sulphurous 
acid : thin, long, faintly yellow needles, slightly soluble in alcohol and ether, insolublo 
in water, melting at 201°. — /3. Of brominated a naphthyl- sulphurous acid : small 
yellowish needles, easily soluble in alcohol, melting at 236°. — y. Of brominated 
naphthyl-sulphurous acid; small needles, easily soluble in alcohol, melting at 170°. 
— From naphthylene-sulphurous acid : yellowish, very slightly soluble in alcohol 
melting at 262° (Darmstiidtor a. Wicholhaus, Zeitschr. j. Chem. [2] v. 671). 

iritronaplittialenes (Lautemann a. d’Aguiar, Zeitschr. f. Chem. [2] i. 664).— 
Ordinary concentrated nitric acid converts naphthalene only into dinitronaphthaleiio 
even after prolonged treatment (Laurent, however, describes two modifications of 
trinitronaphthaleno obtained in this manner, iv. 15). By digesting naphthalene for 
12 to 14 days with fuming nitric acid at the boiling heat, a yellow crystalline mixturo 
of di- and tri-nitronaphthalene is obtained ; and on mixing the contents of the retort 
with water, wiishing the white substance thereby separated with water, drying, treating 
it with ether, and recrystallising from hot alcohol, trinitrouaphthalone, C®II'‘(NO^)*, is 
obtained in monoclinic crystals agreeing perfectly in form with Laurent’s 0 trinitro- 
naphthalene. 

Dinitronaphthalene, C'®H*(NO*)*, which is always obtained in the preceding 
process as a secondary product, is likewise insoluble in water, but somewhat more 
soluble than trinitronaphthaleue in hot other or alcohol ; it dissolves also in strong 
nitric acid, hot acetic acid, and turpentine oil, and crystallises therefrom in yellowish 
needles or in rhombic serrated tables, melting at about 210°. With alcoholic ammonia 
it forms a white crystalline precipitate, the liquid acquiring a faint rose colour. 
According to Hollemann {Zeitschr. J. Chem. [2] i. 555), yellow dinitronaphthalono may 
be rendered colourless by treatment with zinc and sulphuric acid at 200°, washing 
with hot water, and rocrystallisation. Darmstiidtor a. Wichelhaus {ibid. v. 253), by 
exhausting the product of the action of fuming nitric acid on naphthalene with hot 
alcohol, obtain a dinitronaphthalono whiclv d^stallises on cooling in microscopic 
needles and tables, and when recrystallised ftx>m hot chloroform forms four- or six-sided 
rhombic tables, coP. ooPoo .oP, wilfai ‘angles ooP : ooP = 137° and 43°; insoluble in 
water, dilute nitric acid, and benzol, easily soluble in hot ether and carbon bisulphide, 
soluble in hot alcohol and chloroform ; melting at 170° aqd resolidifying at 157°-lo0°* 
The compound detonates when distilled, dissolves in alcoholic potash with red colour, 
in sulphuric acid with yellow colour removable by ether. The residue of the treatment 
with alcohol consists of the modificiition of dinitrouaphthalene previously described. 
The existence of the second modification of dinitronaphthalene is confirmed by Aguiar 
{ibid. 441), who finds that it possesses tho properties described by Darmstadter a. 
Wichelhaus. 

Triniironaphthaltne^ C*®H*CP, is insolublo in water, only slightly soluble in 
alcohol and ether ; precipitated in flocks from solution in fuming nitric acid. The 
crystals decrepitate when heated, melt at 214° with partial sublimation, and detonate 
at a higher temperature. In contact with phosphorus iodide and water it is converted 
into naphthenyltriammonium tof?^tf,(C*®H*)"'H*N*.B[*I*, which crystallises from the hot 
filtrate in needles (Lautemann a. Aguiar). The modification of dinitronajphthaicne 
obtained by Darmstadter a. Wichelhaus yields when treated with faming nitric 
acid, a more highly nitrated compound, different from the trinitronaphthalene^juct 
described. 
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Tetranitfonaphthalenet O^}V{KQ~y/\s, produced by heating a solution of 
trinitronaphthalene in fuming nitric acid for four da 3 's in closed vessels, and crystal* 
Uses from hot alcohol in long asbestos-liko noodles, which melt at 200®, detonate 
violently at a higher temperaturo, and are coloured tlecp red l)y alcoholic ammonia. By 
excess of phosphorus iodide and water it is converted into naphthtuiflciie'fctrammonium 
fWirfe, .4HI, which crystallises in yellowish laminae easily soluble in 

alcohol (Lautemann a. d’Aguiar). 

Diasonaplitliaiene. C’OHW.— The nitrate of this base, C'»IPNMINO*, is 
formed by the action of nitrous acid on moistene«l iiitnite of naplUhylamino, and is 
obtained, on filtering the solution trom a brown-red amorphous prcnluct, ami leaving' 
it to evaporate, in white, easily soluble, explosive neeillcs. Its atjucous solution is 
decomposed at the boiling heat, with evolution of nitrogen and formation of naphthol 
fv. 866) : 

C“»H8N2.HNO» + IPO - C"»IPO + UNO’ + N». 


Diazomphihalene perbromide^ C'"lPNMIBr’, forma orange-red crystals; the phtiino* 
chloride, 2(C“’H“N*.HCl).PtClb forms slu)rt, yellowish, nearly insoluble prisms. 
Diaconaphihalimide, passes over as a yellowish oil, when the substance 

obtained by the action of ammonia on tlio perbromide is distilled with water (Grioss, 
Jahresh. 1866, p. 469). All these reactions are analogous to those of diazobonzone 
(iv. 430). 

Biasoamldonaphthalene, C’“TP^N’ = C’'’H*N2.C'®IT^(N1P), analogous to 
diazoamidobenzono (iv. 459), is formed by tho action of nitrous acid on a well-cool^ 
solution of naphthylamiiio : 


2C'‘*1PN + HN02 ^ 2IPO + C’“ir‘N» ; 

or by precipitating diazonaphthalone liydrochloride with a solution of naphthylnmine, 
or better by tho action of a slightly alkaline sf)lution of scnlium nitrite on crystallised 
neutral naphthylamine hydrochloride. It separates from alcohol in yellow-brown 
laminae which melt at 100®, and decornposo with explosion at higher tomperaturef. 
When heated, even with the weakest acids, it splits up into naphthylamine and 
naphthol ; with concentrated mineral aci»ls it ao^uires a transient violet colour 
(€. A. Martius, Zeiiachr. /. Chon. [2] ii. 137). 

{mvy] 

I N 2 23), isomeric with the preceding, is 


N'" 

H 


Aeodinaph thy I diamine, 

formed, together with naphthol, by tho action of nitrous ac'd on warm alcoholic solu- 
tions of naphthylamine ; also by treating that base with sodium stannat© : 

3C‘«H‘’N 4 O’ =3 OT1'’N» + C'®H«0 + 2H’0. 


It forms tolerably stable salts, whose solutions are violet, and crystallisps from 
alctihol in long reddish-yellow needles which molt at 136®, solidify at 126®, and 
distil almost without decomposition. 

Azodiuaphthyldiamine is also formed by the action of strong sulphuric acid and 
of other acids, except hydrochloric acid, on naphthylamine (Cliapmun, Chem. 8oo, J, 
[2] iv. 329). On its formation by tho action of nitrous acid on naphthylamine, sea 
also Chapman {jd/id. 136). .i*' 

Bthyl-naplktlialene, = C‘®IP(C*H*), is produced, similarly to ethyl- 

benzene (p. 292), by tho action of sotlium in excess on a cooled mixture of mono- 
bromonaphthalene and ethyl bromiflo in presence of ether. On distilling off tha 
ether, and subjecting the liquid which passes over at a higher temperature, to 
fractional distillation, it sepirates into naphthalene and ethyl- naphthalene. Tho 
latter is a colourless liquid having a faint odour, boiling at 260®, and of about the 
same specific gravity as water (Fittig a. Remsen, l^itschr. f. Chem, [2] v. 87)« 

MethyUiukpiittialene, CH’* » C’®ir(CII*), is produ6od in like manner 
bromonaphthalene and methyl iodide. The prcwluct is a colourless liquid, boiling 
constantly at 231®-232®, having a sp. gr. of 1 027 at 11*6®, and remaining liquid at 
- 18® (Fittig). Stacewicz (tW. 182), by heating the lead salt of na^hthyl-sulphiirou* 
acid with calcium acetate and quick lime, distilling, and crystallising from alcohol, 
obtained a small quantity of yellowish laminae, having nearly the composition eX 
methyl-naphthalene. The reaction appears to be : 

(C»*H^80*)*Pb -f- (C*H*0«)*Ca + 2CaO « 2C>*H»(CH’) + 

SO’Pb + 30»Ca -t 2CO*Ca. 

Sup, 8 1 . > 
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arAVBTBAftaira abcoho*!. 0’»H'*o* = ch. 

Pkarm. cxxxvi. 342). — A totratomic alcohol produced from the corresponding chlor- 
hydrin by decomposition with alkalis : 

C'«H»Cl*(OH)« + 2KOH = 2KC1 + C*®H»(OH)*. 

The chlorhydrin is obtained by treating finely pulverised naphthalene with excess of 
moderately concentmted hypochlorous acid, and agitating the liquid (filtered after 
24 hours, freed from dissolved mercury by hydrogen sulphide, and saturated with 
common salt) with ether. On distilling off the ether, and drying the residue in 
rarefied air, naphthalene chlorhydrin remains as a light yellow body, crystallising in 
well-define^ prisms, slightly soluble in water, easily soluble iu alcohol, quickly turning 
brown in the air, melting at a gentle heat, and decomposing at a higher temperature. 

To prepare the alcohol, the alcoholic or aqueous solution of the chlorhydrin is 
heated for a few hours with 3 or 4 mol. potassium hydrate, and the dilute solution, 
acidulated with hydrochloric acid and mixed with common salt, is agitated with ether. 
On evaporating the ether (and decolorising if necessary in alcoholic solution with 
animal charcoal) the naphthalene alcohol crystallises in prisms which rapidly turn 
brown. It melts at a gentle heat, decomposes when distilled, is slightly soluble in 
water, easily in alcohol and ether, and with brown colour in aqueous potash. The 
alcoholic solution mixed with a little ammonia, forms with salts of lead, silver, and 
other metals, precipitates which accpiiro a darker colour when exposed to light. 
The lead compound, absorbs carbon dioxide from the air, and when 

decomposed by hydrochloric acid, yields the alcohol in its original state. The 
solution of the alcohol in strong sulphuric acid is brown, and contains an ivcid 
whoso barium, calcium, and load salts are easily soluble in water. The calcium salt. 

(SO'O'') 

V O*, crystallises in tufts of prisms. Glacial acetic acid decomposes tho 
H*Ca) 

alcohol, forming a black resin and a red body soluble in ether. Tho sohition of tho 
alcohol in warm very dilute nitric acid loaves on evaporation yellow prisms of 
naphthoxalic acid, The alcohol or tho chlorhydrin heated for some 

time with concentrated liydriodic acid, forms a mobile liquid distillable with water, 
and probably consisting of cymene holding naphthalene in solution. 

ISrja.PKTK/I.XBXi’B-XtSS. See Naphthylamink (p. 861). 

M’A.PBXRSXriri^.il.XMlMOM'rirMS. See page 848. 

lirA.PB;XHOOXAXM[lC AOZB. (MuhlhSuser, Ann. Ch. Pharm. 

cxli. 214). — Produced by the action of potassium cyanide on dinitro-naphthalene : 

2C'‘»H®(NO")* + 12CNH + 9H*0 = + 4CO® + 8NH>. 

The potassium salt is prepared by agitating a mixture of 3 pts. pulverised dinitro- 
naphthalene in 38 pts. alcohol with a solution of 6 pis. potassium cyanide in 37 pts- 
water till a brown-red colour is produced, and then heating the liquid to the boiling 
point till it assumes a fine blue-green colour. ' The solution decanted while still hot 
gradually deposits tho impure potassium salt, which may be purified by washing with 
cold water (till the water runs away blue), solution in hot water, repeated precipita- 
tiou with concentrated potassium carbonate, and treatment with hot ether after 
drying over sulphuric acid. It contains C**I1*^N’0®K + H®0, and forms a dark 
mass having a strong coppery lustre, especially after friction ; insoluble in ether, but 
dissolving easily, and with fine blue colour, in hot water and in alcohcd. When 
heated it detonates with a reddish light, giving off a peculiar aromatic odour, And 
leaving a bulky charcoal. The ammonium salt, formetl by decomposing the poti^inn* 
salt with strong solution of sal-ammoniac, is n crystalline precipitate soluble in hot 
water and in alcohol. The barinm salt, (?), is a dark blue precipitate 

having a coppery lustre when dry, detonating when heated like the potassium salt. 
The silver salt, C”H‘*N®0*Ag*, is insoluble in water, has a lustre of bronse, nnd 
detonates with great violence when heated. The blue solution of the potassium salt 
mixed with the smallest quantity of any free acid becomes greenish, and on further 
acidulation, greenish-yellow, depositing naphthocyamic acid, ** * 

dark brown precipitate, forming when dry a black shining mass. It is insoluble in ethm*, 
nearly insoluble in water, more easily in alcohol, still more in amylie alcohol, Ibnniw 
a dark brown-red liquid. Its solution turns green or blue when mixed with a small 
quantity of a base. 
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STAMTSOIO ACn. C“n»0* = C’nP.CO*H. NaphiUIeM-farhoXf/lie, Add. 
Carbonaphthalic Acid. Mcnaphihoxylic Acid (Hofmann, Ann. Ch. Pharm. cxlii. 121 ; 
Zeitschr. /. Chem. [2] iii. 164 ; Pmf. chmt. Ge^. Per. 1868, pp. 38, 100; Zi>iischn 
[2] iv. 291 ; v. 503. Merz, ibid. W. 34. Mi>rz h. MiihlhUusor, ibid. v. 70. Eghis, 
Coinpt> rend. Ixix. 360 ; Zeitachr. [2] v. 630). — This acid, rclatxHl to naphthalene in 
the same manner as benzoic acid to benzoins is produced; 1. By distilling naph- 
thylamine with oxalic acid, whereby naphthyl-f«>rinHmido is protlucod, converting tlie 
latter into naphthyl cyanide by heating it with hydrochloric acid, and boiling thif 
cyanide with caustic soda (Hofmann) ; 

C“H20* + C’^H'NIP = NlI(('lIO)(C‘“ir) 4 H-'O + CO’. 

Oxalic Naphthyl- Naiihthyl- 

acid. amine. formamuk'. 

NH(CIIO)(,C‘nP) = 11*0 + O'^IP.CN 

Naphthyl- Naplithyl 

fonnainide. cyanide. 

CmP.CN + 21PO - NIP + C“’JP.COOII 

Naphthyl Naphthoic 

cyanide. acid. 

2. By distilling the potassium salt of. naphthylsulphurons acid with an equal weight 
of potassium cyanide, whereby also naphthyl cyanide is pnKhice<l : 

C>'•H^SOHC + CNK = SOHi’ + C'^IP.CN, 

and boiling the cyanide with alcoliolic potash (Merz). The a and /3 naphthyl- 
sulphites yield corresponding modifications of naplithoic acid (Merz a. Muhlhausor). 

3. By heating a mixture of monobromonaphthaleno and othylic chlorooarbonate 
with sr)di\im-amalgam to lOo^-HO'^ for several hours, whereby ethyl n.^phthoate ia 
produced, together with mercuric iiaphthido as a secondary product: 

C»‘'H’Br + CO(OCHI^)Cl -t- Na’ - NaCl -t- NaBr + C'^IP . CO’C’IP. 

On treating the product with ether, the ethyl nuphthonto is dissolved, while th* 
mercuric naphthide remains behind, and the ethereal solution ItMivos on evaporation a 
brown liquid, which, by saponification with alcoholic potash and addition of hydro- 
chloric acid, yields a bulky precipitate of naplithoic acid (fighis). 

a Naphthoic acid, prepared from a naphthylsulphnrous acid, or by Hofmann’s 
process, crystallises in colourless nec'dles raeltitig at 160®, very slightly soluble in 
water, more freely in boiling alcohol. Its silver salty (’•’TBO“Ag, is a precipitate 
iu.soluble in water. The barium salt, (C'*HH)-)’^Ba + 4H’(), forms sparingly soluble 
needles, becoming anhydrous at 110'^. The calcium salty (C‘'H’0’)’(la -f* 2n’0, 
resembles the barium salt, and likewise becomes anhydrous at 110®. The cupric salt 
is a green, the lead salt a white precipitate. The cthylic (thevy C*’H’0*. C’H*, 
prop.arod from naphthoic chloride by the action of alcohol, is a liquid boiling 
at 309®. 

jS Naphthoic acid crystallises from hot water in long white neodlos ; from carbon 
bisulphide in broader silky needles ; it dissolves but sparingly in either of these 
liquids, easily in alcohol and ether. Like the a modification, it is inodorous and 
tasteless, but gives off cough-exciting vapours when heatctl, and sublimes in white 
shining needles. It melts at 182® (corr. 184°), and distils when heated above 300°. 
Heated with excess of barium hydrate, it is resolved (as also the a acid) into carbon 
dioxide and naphthalene. 

The 3 naphtnoaieSy excepting those of the alkali -metals, are but ilightly soluble ; 
less soluble than the a naphthoates. Thaharium salty (C”IHO’)’Ba + 4H’0, dissolves 
in 1400 pts. water at 15°, and crystallises from hot water in white needles. The 
calcium salty (C"H^O’)’Ca -t 3H’0, crystallisos from a largo quantity of boiling water 
in tufts of long silky needles soluble in 1800 pts. of water at 15® ; the a salt dissolve* 
in 93 pts. (Merz a. Miihihauser). 

a Naphthoic Chloride, C'*HWi or C’*H'.COCl, produced by mixing 4 pts. of 
the acid with 5 pts. phosphorus pfentachlorido, boils without decomposition at 297‘6°( 
but is solid at lower temperatures. By water it is immediately resolved into hydro- 
chloric and naphthoic acids (Hofmann). 

Naphthoic Amide, C‘•H^CONH^ piwluced by treating the chloride with 
ammoma, or by dissolving naphthyl cyanide in alcoholic soda and precipitatin|[ with 
water, forms needles slightly soluble in alcohol, melting at 244°, and subliming at 
a higher temperature (Hofmann). Naphthoic anilide or naphthoic phtmfiamide^ 
C‘*H’.CONH«>H*), produced by the action of aniline on the chloride, forms white 
silky crystals. Napmhoic naphthylamidey C‘*H’^.CONK(C'®H’), obtained in like 

3 I 2 
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manner with naphthylamine, is insoluble in water and benzol, elightly soluble in 
alcohol, and melts at 244® (Hofmann). 

Naphthoic Anhydride^ (C“H’0)®0, obtained by distilling calcium naphthoate 
with naphthoic chloride, washing the distillate with water and alcohol, and cpprstab 
Using from boiling benzol, forms prisms melting at 146°, insoluble in water, slightly 
soluble in alcohol, easily soluble in ether and in benzol (Hofmann). 

Oxynapbtl&olo Acid. C^‘H®0* = C*®H®(OH).COOH. Carhonaphthotic Acid 
(Eller, Ann. Ch. Pharm. clii. 277). — ^This acid, related to naphthol in the same manner 
as salicylic acid to phenol, is formed by passing dry carbon dioxide over an intimate 
mixture of 1 mol. naphthol and 2 at. sodium, the reaction being completed at the heat 
of the water-bath. The mass is then exposed to the air for a short time, to oxidise the 
remaining sodium, the sodium oxynaphthoate is dissolved in water, and the solution 
mixed with hydrochloric acid. The oxynaphthoic acid, which is almost insoluble in 
water, is then precipitated in yellowish flocks which may be recrystallised from alcohol 
and ether. It forms colourless needles easily soluble in alcohol and ether, and preci- 
pibited therefrom by water ; it has an acid reaction, and melts at 186° to 188°, turning 
brown at the same time. The potassium salt forms slightly soluble needles. The 
copper salt is a green, the lead salt a white sparingly soluble precipitate ; the silver 
salt a curdy precipitate. Ferric chloride produces with the acid a strong blue 
colour ; ferrous sulphate, after a while, a blue-rod colour. Harium chloride forms no 
precipibite. 

The oxynaphthoic acid above describe<l was prepared with a mixture of o and 
naphthol. Schatfer, however {^Ann. Ch. Pharm. clii. 291), has prepared a oxyna^h- 
thoic acid from purii a naphthol, and finds that it agrees in every respect with the 
acid obtained by KUer ; melting point 185°-1 86°. Hence it appears that a mixture 
of a and jS naphthol treated with sodium and carbon dioxide yields only a oxyriaph- 
thoic acid, SehUfFor fintls indeed that ^ naphthol treated in the same manner is but 
very slowly attacked, yielding only small quantities of the corresponding oxynaphthoic 
acid. Tills /3 acid is very much like the a acid, and forms similar precipitates with 
lead, copper, and silver salts. With ferric chloride, however, it produces, not a blue, 
but an inky-violot colour, a Oxynaphthoic acid heated to 120°-130° in sealed tubes 
with hydriodic acid, is reduced to a naphthol, just as salicylic acid is reduced to phenol 
(Schaffer). 

Naphthyl-‘hicarho X ylic^ Bicarhonaphthalic, or Naphthopkthalic 
Acid, C’‘H**0* C*®H‘*.(CO‘^H)*, is easily protlucod by boiling dicyanonaphthaleno 

with strong potash-ley, and precipitating the resulting poUissium salt with hydro- 
chloric acid ; 

C’ni«(CN)^ -t- 4H'"0 = 2NH» + C*®H«.(CO^H)*. 

It is very slightly .soluble in hot water, and is precipitated from alcoholic solution by 
water in nearly colourless microscopic needles, which do not melt at 240°. Its neutral 
barium salt, C'^H'h (CO-)‘*Ba + 2H“0, is very easily soluble, and its solution gives 
With ferric chloride a light yellow ferric salt nearly insoluble in hot water — also a 
copper salt separating in groups of green needles — and sparingly soluble lead and 
silver salts. The alcoholic solution of the acid poured into water, exhibits a fluorescence 
very much like that of quinine solutions (Darmstadter a. Wiehelhaus, Beut, chem» Gvs. 
Ber. 1869, p. 3oG). 

XVAPBTBO:l. See Naphthyl Alcohol. 

BAPBTBOQirzigrOSril. C'«H«0* (Graebe, Ann. Ch. Pharm. cxlix. 1 ; Zeitschr. 
f. Chem. [2] iv. 114 ; v. 563 ; Jahresh. 1868, p. 471. Th. Hermann, Ann. Ch. Pharm. cVu 
63 ; Jahresh. 1868, p. 390). — This compound is derived from naphthalene by substitu- 
tion of the diatomic group (O — O)" for H*, being related to naphthalene in the same 
manner as ordinary quinoiie to benzene : 

Qulnone. Kaphtboquinone. 

Naphthoquinone is obtained by subjecting the potassium salt of chloronaphtho- 
sulphoquinonie acid — one of the products of the action of potassium chlorate and 
sulphuric acid on naphthalene (p. 854) — to dry distillation. Sulphurous anhydride 
is then evolved, together with yellow-red vapours which quickly condense, and on 
treating this distillate, or the residual charcoal, with ether, gcdden-yellow solutions are 
obtained. These solutions, when left to evaporate, denosit yellow or red floclts, which 
when dried and heated between watch-glasses, yield naphthoquinone as a yeUoP 
sublimate consisting of soft laminae. 
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KapKthoquinone dissolves sparingly in alcohol and ether, forming golden -yellow 
solutions which exhibit a beautiful green fluorescence. The solutions mixoci with 
nnimonia reduce silvw nitrate at the boiling heat. They are slowly decomposed by 
rinc and hydrochloric acid. With alcoholic ^tash, naphthoquinone forms a dark- 
coloured solution ; in strong sulphuric acid, it dissolves with fine purplo colour, and is 
precipitated apparently unalteml on dilution with water. By boiling with strong 
nitric acid in presence of silver, it is oxidiswl, the solution on ccHjling depositing 
shining rhombic laminte, which exhibit the chametors of silver phthalate (Hermann). 

The four oxy chlorinated derivatives of naphthalene described by Laurent, two of* 
which are acids, and the two others the corresponding chlorides (see Oxynavhthai.ic 
Acio (1%% 313), may be regarded as derivatives of naphthoquinone ; thus : 


Chloroxynaphthyl Chloride » Dichloronaphthoquinono . • • 

Perchloroxy naphthyl Chloride =* Koxchloronaphthoquinone . . C'^Cl" 

Chloroxynaphthalic acid = Cliloroxynaphthoquinono . . C’®ll'Cl(OH) 

Perchloroxynaphthalic acid »» Pontachloroxynaphthoquinono C'‘‘Cl*(OU) 


^ u ^ 

\o 

JO"- 


To the last of these is related the acid C‘®H*0*, discovered by Martins a. Orioss 
(p. 857), which has the constitution of oxynaphthoquinono, C‘®II“(OII) | (Graebo). 

niobloronaplitl&oqiiinone, C‘*H^CP(0*)'', may bo prepared by gnvdually adding 
a mixture of naphthalene-yellow (a commercial sodium or potassium salt, of dinitro- 
miphthol, p. 866) with 3 or 4 pts. of pobissium chlorate to crude hydrochloric acid 
dihited with an equal volume of water. The mixture is warmed, and ns soon ns all 
the naphthalene-yellow has been introduced, more potassium chlorate is added by 
successive portions till the yellow-rod oil at first produced is converted into yellow 
crystals. These washed on a filter with hot water, freed from oily mixtures by treat- 
ment with cold alcohol, and recrystal Used from hot alcohol, yield dicliloronaplitho- 
quinone in golden-yellow needles, or more rarely in lamina*. It is insolnhle in water, 
slightly in cold alcohol or other, moderately soluble in liot alcohol ; is but slowly 
attacked by cold soda-ley, but dissolves at the boiling heat, with criniHon colour, pro- 
ducing sodium chloroxynaphthalate. It melts at 189°, but begins to sublime below 
that temperature in long yellow needles, sometimes also in lamina*. Heated in a 
sealed tube with phosphorus pentachlorido, it is converted into pontachloro- 
naphthalene : 

+ 2PCl» -= H€1 + 2POCP + 

Clilorozjxiaptitl&oqalnone» C*®H^CI(0H)(0*)'", prodticed by the action of alkalis 
on dichloronaphthoquinone, is identical with the chloroxynaphthalic ftcid 
tained in like manner by Ijauront (iv. 14), and by P. and E. iJopouilly {Bull. Soc. Chim. 
[2] iv. 10). On treating the dichloronaphth<^\iinone with a little alcohol, and adding 
ciiustic potash, the liquid solidifies to a mass of cherry-red needles, and by treating the 
product with hydrochloric acid, the chloroxynaphthalic acid is separatetl as a yellow 
precipitate melting at 200°, and subliming in needles. It is slightly soluble in cold 
water, more easily in boiling water, also in alcohol, other, and benzol. It dissolves 
in strong sulphuric acid, and is precipitated therefrom by water. Its ’potassium salt 
forms cherry-red needles easily soluble in hot, slightly in cold water. The barium 
saltf obtained by precipitation, separates from hot-saturated aqueous soluticjns in yellow 
silky needles, (C'®H*C10»)*Ba -*• H*0, which give up their water of crystallisation at 
100°. The calctum salty obtained in like manner, forms yellow needles, more soluble 
than the barium salt. The lead and silver salts are cherry-rod precipitates. 

Chloroxynaphthalic acid heated in sealed tubes with 3 mol. phoTOhorus 
chloride, yiel& pentachloronaphthalene, phosphorus oxychloride, and hydrochloric 
acid. Treated in aqueous or alcoholic solution with sodium-amalgam, it yiel<» * 
number of reduction-products, which were observed some years ago by 8tre«or 
{Ann. Ch. Pharm. Ixxv. 17), but have not been examined- Its potassium salt when 
heated yields phthalic anhydride, together with potassium chloride and carbon : 

C**H«a(OK)0* « KCl -f C* + C*H*0». 

Su^ho-aeids derived from Dichloronaphthoquinone diseolvee 

a gentle heat in acid potassium sulphite, and the solution on cooling deposits the 

potasnum aalt, C‘*H*{o.80*K + 2H’0, in yellowiih octoiiedn>ni, becoming pox* 
((80*K)» 
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and colonrfess by recryetallisation. This salt gives off 1 mol. water at 1 00°, dis&jlves 
very easily in water, but is insoluble in alcohol. Its formation is represented by the 
ei^uation : 

fOH 

C‘«H<CPO* + SHSO^K = 2HC1 + C^'HMO.SO^K: 

l(SO»K)^ 

The sodium salt obtained in like manner contains 3H*0, is more soluble in water, and 
crystaUises in hard ill-defined tables. Both salts decompose when heated above 100^. 

The potassium salt is c^onrerted by potash-ley into potassium oxynaphthosulpho- 
quinonate : 

(OH (0« 

O.SO*K + KOH = 2HSO«K -t C'®H^ OK 
XSO*K)* (SO^K. 

The yellow-red precipitate thus obtained is very soluble in water, and theroforo 
difficult to ’'separate from the excess of caustic potash and from the acid potass! uni 
sulphite. It is but slightly soluble in the strong alkaline liquid, insoluble in alcohol. 
By cooling the hot-saturated aqueous solution, it is obtained in yellow-red, microscopic, 
sickle-shaped needles. Barium chloride forms in the solution a yellow precipitate 
slightly soluble in water. The calcium precipitate is somewhat more soluble. Loud 
acetate forms a yellow precipitate insoluble in water. With tin and hydrochloric acid 
a colourless hydro-compound is obtained (Graebe). 

Ckloronaphthosulphoquinonic acid, C'®H*C1S0*, is fcTnned as a potassiutn salt 
amount the products of the reaction of pot^issium chlorate and sulphuric acid on 
naphthalene (pp. 844, 868). When the dark brown liquid remaining after repeatedly 
exhausting this product with ether, and containing sulphuric acid and acid pota.s.siuni 
sulphate, is left to stand in the concentrated state, it gradually deposits pobissium 
chloronaphthosulphoquinonate in brown crystalline crusts. These are washed, dried 
on bibulous paper, and freed from acid potassium sulphate by means of water or 
dilute alcohol. If the residue be then dissolved by boiling with water, and the 
solution filtered and evaporated, brown indistinctly crystalline masses are obtained, 

(Cl 

consisting of potassium chloronaphthosulphoquinonate, C’^H^KCISO* = (0*)" . 

lsO‘K 

This salt is sparingly soluble in water and alcohol, insoluble in ether. The aqueous 
solution has an acid reaction, a deep red-browm colour, and is easily decolorised l\v 
zinc and hydrochloric acid. A fragment of the salt held in a flame swells up with 
vermicular excrescences. The solution dyes silk a fine reddish colour, is not pre- 
cipitated by metallic salts, but reduces silver after addition of ammonia (Hermann). 

When the action of potassium chlorate and sulphuric acid on naphthalene is 
completed, not by heating, but by leaving the mixture for a considerable time and 
frequently agitating, the liquid retains its yellow-red coloiu*, and becomes dark brown 
only after dilution with water. In this case the potassium salt of the sulpho-acid, 
though obtained in a perfectly analogous way, has the composition 
It resembles the former sulpho-salt, but yieldg a lighter-coloured powder, and is 
somewhat more soluble in alcohol and ether (Hermann). 

The first sulpho-acid is perhaps formed as follows : By the action of chlorous 
i^nhydride on naphthalene, dichloroxynaphthol is first produced : 

C»*H« + C1*0» = H*0 -I- 

this by further oxidation is converted into dichloronaphthoquinone, with simultaneous 
formation of dichloronaphthalene : 

3C*»H»C1=0» + C>®H* + CPO» - 3H*0 + C*®H®C1* + 2C«H®C1*0*; 

and the dichloronaphthoquinone reacts with the acid potassium sulphate, in such a 
manner as to form the potassium salt of the first of the above-descril^ sidpbo- 
acids: 

C*®H^CPO’ + SO^IIK = HCl + C'®H«Cl(SO‘K)0». 

The formation of the second sulpho-acid may bo represented by the equation : 

2C*®H‘C1»0“ + 2!SO^HK = HCl + C*®H‘»C1*(S0*K)20*. 

The following compounds belonging to the naphthoquinone group have recently 
been obtained by Graebe a. Ludwig {Aim, Ck. Pharm. June 1870): 
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Biamido-naphUiol . . * . C**H‘(OH)| 

Di-imido-naphthol . . » . C'*H*(OH)| 

Amido-oxynaphthol .... C“>H»(OU) | 
Oiynaphtho-quinonc ot NaphtlioHc acid C**H*(OII)| 


NH* 

NH* 

HN^ 

HN-- 


jrA^PBTBOaLaAZC AC». . — This acidjj^ isomeric if not identical 

with dioxynaphthalic acid (p. 8o0), ronmins, on ovaporatinpf a solution of naphthalouo 
alcohol (p. 850) in warm very dilute nitric acid, in yellowish prisms easily soluble in 
water and in alcohol. It sublimes when heatetl above 100° in monoclifiic prisms, 
and forms easily soluble crystallisablo salts with baryta and ammonia. The /riirer 
%alt, C’^H^Ag’O*, and the lead salt, are amorphous light yellow precipitates (Neuhoff, 
Arm, Ch. Pharm. cjojlvi. 342). 

irAVBTBT& or Dinaphih^l, *= (Losson, Ann. Oh. Pharni. 

cxliv. 71 ; Jahresb. 1867, p. 711). — This hydrocarbon is obtained, together with 
other products, by heating naphthalene with a mixture of manganese dioxide and 
sulphuric acid diluted with twice its weight of water. Carbon dioxide is then 
evolved; the acid liquid deposits phthalic acid together with manganous sulphate; and 
the viscid undissolved mass contains dinaphthyl together with a rod resin : 

2C'®II* + O =* H*0 + 


On repeatedly exhausting the brown-red mass with hot alcohol, and leaving the 
united reddish-yellow extracts to cool, the red rosin first separates, and then the 
dinaphthyl, in yellow nodules. After repeated crystjillisation from alcohol, with 
addition of animal charcoal, it forms faintly yellow nacreous scales, w’hich become 
colourless by sublimation. From ether, in which it is much more soluble, it 
crystallises in moss-like aggregates ; from ether-alcohol in perfectly developed octo- 
hodrona. It dissolves vwy easily in carbon bisulphide, and crysbillisos from bensol 
in the same form as from alcohol. It melts at 154°, and boils at a temperature above 
the boiling point of mercury. 

Dibromodinaphthyl, is most easily prepared by allowing the vapour of a 

weighed quantity oi bromine to be absorbed by dinaphthyl spread \jpon a glass plate 
placed under a bell jar, a little water being also present to absorb the hydrobromic 
acid formed. The product is treated with boiling alcohol, and the residual white 
powder is dissolved in hot ben7.ol. It crystallises in thin monoclinic prisms, volatile 
without decomposition, melting at 216°, nearly insoluble in alcohol, somewhat more 
soluble in ether, easily in boiling benzol and carbon bisulphide. It is not altered by 
alcoholic solutions of potash, potassium cyanide, ammonia, potassium acetate, or 
silver acetate, even at the boiling heat. It dissolves in fuming nitric acid, forming a 
nitro-compound pfecipitable by water. 

Hexkrofmdinaphthyl, is formed by treating dinaphthyl with excess of 

bromine, and remains on evaporating its solution in carbon bisulphide (previously 
agitated with soda-ley) as a yellow resinous mass. It dissolves in alcohol, and is for 
the most part piucipttated therefrom by water as a yellow powder. By agitating 
its solution in aqueous ether-alcohol with sodium -amalgam, it is converted into 
di naphthyl. 

HexcUorodinaphihyl, obtained by saturating a solution of dinaphthyl m 

carbon bisnlpht^ with chlorine, and purifiea by notation with soda-ley and water, is 
a yellow, resinous, easily fusible mass, which is decomposed by heat, and likewise 
reduced to dinaph^yl hy sodtum-amal«am. , 

TetranUrodmaphtJ^, C*H**(NO»)®, is formed by adding dmaphthyl to ranting 
nitric acid, and separates, on mixing the solution with water, in yellow flocks, which 
are deposited from solution in hot alcohol as an orange-coloured powder made m of 
resinous iqpherales. It mdits and deton^es when heated, and when trwtod itt 
alcoholic solution with tin and hydrochloric acid, yields a small quantity of a 
unstable base, the salts of which acquire a transient blue or violet colqur by the 
action of potSMium chromate. 

WAWBSSnnb A&OOBOZi or WAJ>XnO&# « C**H’(OH) (BUlrnf# 

/. Chmm. [2] iv. 733 ; Maikopar, ibid. r. 316 ; SchMer, ibid. 896).«-Of this 
ahsohd Umn aM two modifleationa, • produced hj fhsing the lead or potassium 
salts of Uie corresponding naphthylsulpharous acids with excess of potash. At th# 
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end of the reaction, tJie fused mass is dissoh'ed in water, the filtered solution is mixed 
with hydrochloric acid, and the separated naphthol, after roerystallisation from water, 
is further purified by sublimation, a Naphthol likewise distils over easily with vapour 
of water, but 0 naphthol cannot be separated in this manner from the fused ma-sB, 

a Naphthol crystallises in small wliite shining needles, sometimes also in lamina^, 
easily soluble in alcohol, ether, chloroform, and benzene, sparingly soluble in hot, nearly 
insoluble in cold water. It has a faint odour, like that of phenol, and its vapour 
excites sneezing. The aqueous solution mixed with chloride of lime assumes a deep 
violet colour, changing when heated to rod-brown, with separation of brown floclcB. 
A deal-shaving dipped into the aqueous .solution, then wetted with hydrochloric acid 
and exposed to the sun, acquires a peculiar green colour, gradually changing to red- 
brown : the same changes of colour are produced more slowly in diffiised daylight, 
a Naphthol melts at 94° (Schaffer); at 96° and sublimes in needles (Maikopar). It is 
identical with the naphthol which Griess obtained from diazonaphthalene (v. 1093). 
0 Naphthol is easily soluble in alcohol, ether, chloroform, and benzene, sparingly 
soluble in hot water, and crystallises therefrom in laminae. Its aqueous solution is 
coloured yellow by chloride of lime, and deposits yellow flocks when warmed. A deal- 
sliaving moistened with hydrochloric acid is coloured by it nearly in the same manner 
as by a naphthol, but much more quickly (Schaffer). It melts at 122° (Schaffer) ; at 
123° and sublimes in laminae (Maikopar). A mixture of « and 0 naphthol melts at 
a lower temperature than either of the naphthols separately (Maikopar), 

Naphthol heated with potassium or sodhwi, or with hydrate of potassium^ sodium, 
<yr barium, unites therewith like phenol, but the compounds formed are less soluble 
than the phenol-compounds, being decomposed, with separation of naphthol, when 
evaporated over the water-bath or when ciirbonic acid is passed through them. 

Naphthol heated in the water-bath witli an equivalent quantity of phosphorus 
pentachloride yields trinaphthylic phosphate, PO*(C‘®II’)®, in compact 
crystalline masses, the a ether thus produced melting at 146°, the 0 ether at 108°. 
A small quantity of an oily chlorinated compound is lUso formed, probably naphthyl 
chloride (Schaffer). 

Sinitronaplitliol. C'®H®(N0^)20 (Martins, Bert. Akad. Ber. 1867» p. 619; 
Zeitschr. f. Ckem. [2] iv. 80. Darmstadter a. Wiclielhaus, .dw?. Ch, clii. 298). 

— This compound is not produced — at least in any available quantity — by direct 
nitration of free naphthol ; but it may bo prepared by the action of nitric acid upon 
naphthol in the nascent state, namely by treating a dilute solution of naphthylaminc 
hydrochloride with potassium nitrite, whereby diazonnphthaleno hydrochloride is pro- 
duced, and boiling this solution with nitric acid. The diazonaphthalene tlien splits up 
into nitrogen and naphthol, which latter is immediately converted into tli© dinitro- 
iwmpound by the nitric acid present : 

C»®H«N.HCl + NHO^ = 2H‘^0 -f C>®n«N2.HCl 
Naptthylamlne Nitrous DiazonaphthaJeno 

hydrochloride. acid. bydrocliloride. 

C'oHW.HCl -h H^O = C'«H«0 + N» + HCh 

Diazonaphthalene Naphthol. 

hydrochloride. 

-1- 2NHO» = -h C'»II«(N02)*0 

Naphthol. Nitric Dinitronaphtbol. 

acid. 

The dinitronaphthol separates in yellow needles which may be purified by recrystalli" 
eatipn from alcohol ; or better in most cases by solution in ammonia, and repeated 
crystallisation of the resulting ammonium salt (Martius). See also Ball6 {Zktschr, 
f. Chem, [2] vi. 61). 

The same compound is obtained by adding a solution of a napbthyl-sulphuric acid 
i(p. 860) to nitric acid ; the liquid then turns red even in the cold, and deposits yellow 
crystalline dinitronaphthol, but the action is greatly facilitated by a gentle heat. The 
product is most easily purified by crystallisation from chloroform. 0 Na^hyl-sulphuric 
acid treated in a similar manner does not yield any nitrated naphthol (Darmstadter a. 
Wichelhaus). 

Binitronaplithol forms sulphur-yellow crystals, which are especially lustrous and 
well defined when deposited from chloroform. It melts at 138° (Barmstadtor a. 
Wichelhaus). It is nearly insoluble in boiling water, slightly soluble in alcohol, ether, 
and benzol ; does not volatilise with vapour of water. It is dissolved without altera- 
tion by cold nitric acid, but by prolong^ boiling therewith it is converted into oxalic 
and jphthalic acids. It is an acid, decomposing carbonates with effervescence, and 
forming orange-red to minium-coloured salts, soluble in alcohol, and in some instances 
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soluble in water. The ammonium salt sepni^tes on mixing ahotammoniacal solution 
of the acid with concentrated solution of sal-ammoniac, as an orange-coloured precipi- 
tate which crystallises from boiling water in thin needles. The calciuvh salt, 
[C'*H^(N0*)*0]*Ca + 6IPO, forms long orange-yellow needles somewhat sparingly 
soluble in water, and becoming red, with loss of water, at 120° The silver salt, 
C“'H^NO*)OAg, is a rod flocculent precipitate, the solution of which in hot ammonia 
dejxjsits crystals of the argent-ammonium salt. Tlio ethylic ether, C*®H‘(NO*)*O.C*H\ 
formed by heating the silver salt with ethyl icnlido to 100°, crystallises from alcohol 
in long yellow needles melting at 88°, insoluble in water (Martins). 

Dinitronaphthol is one of the most beautiful and jwrmanont of yellow dyes, colour- 
ing silk and wool, without the aid of a monlant, in all shades from light lemon to 
deep gold-yellow. It is isomeric with the yellow naphtlialeno dye (perhaps j8 dinitro- 
naphthol) which was patented in this country in 1868 in the name of W. Newton 
{London Journal of Arts^ 1863, December, p. 348). This latter, prepared by boiling 
100 pte. naphthalene with 200 pts. nitric acid of sp. gr. 1-30, and designated by Martins 
as dinitronu'phthylv: acid, is much more soluble in alcoliol than o dinitronapbUiol, and 
is ctmverted by reduction with tin and hydrochloric acid into a brown resinous mass, 
whereas o dinitronaphthol similarly treated yields tho basic compound diamidonaphthol, 
(!'®1I®(N1I*)^0. The hydrochloric acid solution of this base supersaturated with potash, 
dept»sits, on exposure to the air, a yellow crystalline base, C^IDN'-'O, which fonns easily 
cry sUilli sable, finely coloured, permanent salts, and is converted by boiling with water 
into an indifferent body, C‘®li^NO^, crystallising in yellow-red needles : 

C‘«H«N^O + im = + Nil*. 


This latter is converted by boiling with hydrochloric acid (according to tho equation 
C'“H’NO'‘* -t- IPO = NIP -f C*“H“0*) into a compound which crystallises in yellow 
jieodles or laminae very slightly soluble in water, more soluble in alcohol, voiy soluble 
in ether, subliming when heated, and yielding by oxidation oxalic and phthalic acids 
(Murtius a. Oriose, Ann. Ch. Pluirm. cxxxiv. 376). 

Ozynapbtl&ol. C“*lPO* « C“'II«(OIJ)*. Haphiholnoxyl . — Produced by fusing 
disulphonaphthylene-sulphurous acid (v. 668), or its potassium salt, with potash : 

C‘®H«(SO>H)* -t- 2KOH « C’<»H\OH)" + 2SO»KU. 

After precipitation from the potash solution by hydrochloric acid, and purification from 
a tarry substance by boiling with wat^er, it crysfivllises in colourless nootlles or small 
rhombohedrons easily soluble in alcohol, ether, and chloroform, less easily in hot water. 
The solutions (not quite pure) exhibit a remarkable dichroi’sra of blue and brown. 
Oxynaphthol dissolves easily in potash, tho solution instantly turning black in contact 
with the air, and yielding with acids, after a while, a black precipitate. Heated in a 
test-tube to 230® it turns yellow and then brown, but does not fuse (Dusart, 
hull. Soc. Chim. ^2] viii. 200. Darmstudter a. Wichelhuus, Dcut. chem. Oes. her* 
1869, p. 113). 

Dichloroxynaphthol, C“»H«C1W « C*il*C\\OU)\ is formed by tho action of 
reducing agents on dichloronaphthoquinoiie (p. 863) ; 


C'”H«CPO* - C‘»Il<C12(OU)*. 

Tlie reduction is most etvsily effected by heating in tho water-bath with ^uooua 
hydriodic acid and a small quantity of phosphorus, till the yellow crystals of dichloro- 
naphthoquinoDo become colourless. By washing these crystals with water, dissolving 
thein in alcohol, and evaporating or precipitating with water, dichloroxynaphthol is 
obtained in colourless crystals which quickly turn reddish on exposure to thi air. It 
is quite insoluble in cold water, only slightly soluble in hot water, easily in alcohol 
and ether. It melts at 135°- 140°, turns brown and decomposes partially at a higher 
temperature. Alkalis dissolves it readily, forming a solution which is colourless at 
first, but soon acquires the colour of the chloroxynaphthalates. Ferric chloride 
reconverts it into dichloronaphthoqtiinone (Chraebe, Ann. Ch. Pharm. cxlix. 6). 

IHchlorodiacetoxynaphthol, C>®H^C1*(0C*H*0)» is formed by heating dichloroxjr- 
naphthol with acetyl chloride. After washing and recrystallisation from alcohol, it 
forms long, colourless, silky needles melting at 236° and sublimii^ in long prisms. 
It is insoluble in water, dissolves slightly m cold alcohol, easily in hot alcohol and 
ether. It is not attacked by potash, or oxidised by ferric chloride (Graebe, lac. ciL), 

f Cl 

OU«M..aioz,mplitlMlte Aotd. C'-H'C10< - C*HM OH ^ (Th. Hemumi. 

Ch. Pharm. cli. 63 ; ZeUKhr.f. Chem. [2] ir. SSI ; Jahreeb. 1868, p. 888).— This 
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acid is obtained, together with other products, by adding potassium chlorate in smaU 
portions to a mixture of moderately strong sulphuric acid and naphthalene, whereby 
chlorous acid is evolved^ which then acts i^pon the naphthalene in the manner showa 
by the equation : 

C*®H® + 3C1HO* « 2HC1 + H*0 + C>®H»C10*. 

The product of the reaction consists of a liquid and a yellowish-red buttery masg. 
The liquid is decanted ; the buttery mass repeatedly exhausted with warm water, as 
long as acid extracts are obtained ; the acid liquid is repeatedly exhausted with ether; 
the ether evaporated ; the residue is digested with benxol ; the residue left after evapo- 
ration of the benzol is exhausted with warm water ; and the solution is decolorised 
with animal charcoal. This solution when left to evaporate deposits the chlorinatecl 
acid in oily drops ; these are dissolved in benzol, and the solution is left to evaporate 
in an open vessel. The syrupy liquid thus obtained gradually deposits crystals of 
phthalic acid, which may be removed by precipitating the very dilute solution with 
basic lead acetate ; and the remaining liquid, freed from lead and again loft to evaporate, 
yields the chlorinated acid. This, when dried over sulphuric acid, is an amorpliong 
slightly coloured substance, moderately soluble in water, easily soluble in alcohol, 
ether, and benzol. When boiled with water, it very readily exchanges its chlorine for 
hydroxyl, so that it is not easily prepared in any considerable quantity. 

Slozynapbthalic Acid. =» (Hermann, loc. 

duced by boiling the chlorinated acid with water, or more readily with baryta-water. 
It is most easily purified by converting it sevoml times into the acid barium salt. 
When first separated from this salt, it forms a viscid substance, which however, when 
left at rest for some time, or more quickly if rubbed with a glass rod, begins to 
crystallise, and solidifies in a few days to a radio-crystalline mass. According to 
Carius, the crystals are moderately oblique monoclinic prisms, tabular from predomi- 
nance of the face ooPoo . The acid is extremely soluble in water, alcohol, and ether ; 
insoluble in benzol. The solution has a strong acid reaction, decomposes carbonates, 
and reduces silver from the ammoniacfil solution of the nitrate at the boiling heat 
Nitric acid oxidises it to phthalic acid. When heated it softens below 100°, melts at 
126®, and does not resolidify till cooled to a much lower temperature. Heated between 
watch-glasses, it yields a sublimate of a sparingly soluble acid and a brown residue 
which at a higher temperature gives off yellow strong-smelling vapours, condensing 
partly in the ciystallino form, partly in oily drops. Heated to 180° wiUi hydriodic 
acid of 50 p. c., it yields, with separation of iodine, but without evolution of carbon 
dioxide, a somewhat sparingly soluble acid, which crystallises in rhombic prisms, 
sublimes like benzoic acid, forms a yellow precipitate wdth ferric chloride, and in 
neutral solution, white precipitates with lead and silver salts. 

Dioxynaphthalic acid is bibasic. Most of its salts are easily soluble in hot water. 
The acid salts crystallise more readily than the neutral salts. Lead acetate produces 
in the cold solution of the neutral barium salt a precipitate easily soluble in acetio 
acid ; ferric chloride forms a yellow-brown precipitate even in the acid solution. The 
following dioxynaphthalates have been exaifiined : 

C*®H®0*K^ very deliquescent, microscopic, rhombic prisms. 

C*®H’0*’K -h H*0, spherical groups of needles, or rhombic prisms or 

pyramids. 

C'®H’O»<NH0, slender noodles. 

C*®H®0®Ba -f 3HK), rhombic prisms ; anhydrous at 110®. 

(C'®H’0*)“Ba, raonoclinic prisms, or nodular groups of needles. 

(C'®H*0*)^Ca(NH*)* + 2H*0, many-sided monodinic prisms ; anhydrous at 120®; 

decomposing at 140®. 

(C*®H®0*)*Ca(NH^)^ shining monoclinic prisms. 

(C'®H*0*)*Cu(NH^)*, bluo rhombic prisms. 

+ 2H®0, microscopic mom^clinic prisms, obtained hy double 

decomposition of the acid bariumT salt. 
C’*H*0*Pb^ white amorphous precipitate. 

4C’®H*0*Pl3 . PbH*0* -h 4H*0, monodinic tables, obtained by boiling the neutral 

salt with excess of load acetate. 

The solution of this last salt in hot water containing a few drops of nitne acid 
deposits on coding, monodinic prisms of the salt (C'®H®0*)**Pb*H** + 16BPO. 

Dioxynaphthalic chloride, C*®H«0<CP or | is formed by the acti<»i 
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1 , ma nentachloride on potassium dioxynaphthalaU. It is an oihr liquid dccom- 
phosohom reproduction of tlie acid, and by alcohol with formation of 

Shyl- <>^«y"Vhalutl C-H-0..(C^H>)., 

(ujfAigrxSBa C“*H’CN. — Syn. with Monocyanonaphthalknk 

BTBWB. BapntHyl Acetates or Aoetyl-naplitliols, 

obUinml by treating naphthol with acetyl chloride lu a retort 
^ ^ inndenser ultimately at a gentle heat, distilling off the excess of acetyl 

dissolving the residue in alcohol, and evaporating, a Acvtt/l-naphtkol washj^ 
chloride, d ^ a vacuum over caustic poUsh forms a clear, yellowish, oily, 

m^oWuTli^d. insoluble in water, easily soluble in alcoliol ether, and chloix). 
nearly is distilled with aqueous vapour, or even when ite alcoholic solution is 

over the water-bath, it is resolvedinto naphtliol and acetic acid. 3 Aci’tyl- 
its alcoholic solution by evaporation at a gentle heat. 
’vvT ISd b^ crystallisation from alcohol, and dried in a vacuum over 

' it forms small, soft, shining, necdlo-shapod crystals having a faint 

caustic ^ easily soluble in alcohol, olhor, and chloroform, 

liui Sublo in water. ‘McIU at GO". Decoi«i)oscd by heat, like the a other 

^ in*pi.»i.yi tuiuon 

line mass and fcry.ta „„ e,*>ling ac an 

prisms melting at 66 . It «,««« Hv heating with sulphuric acid it is 

iil which aoon solidifies txi ‘ ^ acids 3 isspiringly 

resolved into beriicoic and "“P . ^ lAyi and crystallises thoreftom on cooling m 
wiJaVpotprifTmle; ucciics" molting at .07^. lly heating with alcoholic potash 

Ts reLwyinto benzoic acid and finaplthol(M^^^^^ 

KapUUir. -Utptat.. or 

s,tr.iiuK r ir-’l £;t-S.s 

water, boils at 272® (corr. 280 j ^ j crYstallinc mass having an ngrsoahte 

is at ordinary at 33^ dissolves easily in alcohol, other, 

odour like that of pine-apples It molts at. .)•> ■ „ , 

chloroform, and benzol, but is insoluble m water (Schaffer). 

ir.plitl.pl Fboapbate, POXn-Il’)* = I'0(C"H’0)> » (Schiffer, 

4nn. Ch. Fharm. clii. 289).— P^u««‘l JO' 

is probably preceded by that of the monochlonde ; ttius. 

c«H'OH + PCI* - c’*u'oi + nci + POCl’ 

8C-H’0H + POCl- = P0(C'»H'0)- + 3HC1. , 

a Kaphthyl phosphate forms smaU 

chloroform, white inodorous neodfoTwily soluble 

Halting point X08® nearly. C'*EM 

»q.tatl>7l...dplrarloAcia.. C-H-SO*- - (SO-) |o- (ScMflTer, 

.f«n. Ch. PW. clii. 29?) -^"f^2^^^and i?n‘o 
and finiOIy in s raomm over sulphuric acid. 
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a NapUhyUviphuric acid forms long white mdiating needles, unctuous to thetou h 
very deliquescent, easj^ soluble in water and in alcohol; melting, with brown colon 
tion, at 101®, It dissOTVes easily in nitric acid, the solution after some time depositin 
crystalline diuitronaphthol. Its solution mixed with ferric chloride assumes a dee^ 
blue colour, changing to green when heated and becoming blue again on oooliiiff. nf 
not coloured by chloride of lime. The calcium salt, + 31f-0, forms 

small colourless shining laminae easily soluble in water, less soluble in alcohol, decom- 
posing at 100^. Lead salts. — A solution of the acid neutralised with lead carlxjnato 
yields two lead naphthyl-sulphates, one containing C^**IPSO^Pb, crystallising in 
microscopic needles sparingly soluble in water, almost insoluble in alcohol, easily 
soluble in acidulated water ; the other, (C*®H^SO^)^Pb, crystallising in nodular groups 
of needles, easily soluble in water, somewhat less soluble in alcohol. 

fi Naphthyl-sulphuric acid forms small laminar crystals unctuous to the toucli, 
melting at 125®, not deliquescent. With nitric acid it forms in the cold a deop red 
solution with a tinge of blue ; the colour disappears at the boiling heat, but without 
formation of a separable nitro-compound. The aqueous solution of the $ acid mixed 
with ferric chloride assumes a faint green colour in the cold, and deposits brown flocks 
■when heated. With chloride of lime it assumes a yellow colour, becoming somewhat 
deeper on addition of ammonia. The calcium scdt, (C**II’'SO^)^Ca -f forms 

very light silky laminae easily soluble in water and alcohol, giving off their water in a 
vacuum over sulphuric acid, decomposing at 100®. There is but one lead salt of 
/3 naphthyl-sulphuric acid, viz. (C*®H^SO*)'^Pb + 6H^O, which forms small silvery 
very light crystalline laminae easily soluble in water, somewhat less soluble in 
Rlcohol. 

ITaplitliylftulplittrous Acid. C‘*^IPSO® === C-®II’.SO*H. — Naphthalene-sulphmc 
Acid. Sulphonaphthalic Acid. — Faraday obtained this acid in two moclifications, dis- 
tinguished from another by the behaviour of their barium salts when heated, the one 
burning with flame, the other merely smouldering (v. 560). Merz (Zeitschr. f. Chem. 
[2J iv. 393), who distinguishes the former as a, the latter as naphthylsulphurous 
acid, flnds that these two acids may be most easily separated by means of their letui 
salts, the o lead salt being much moro soluble iu water and in alcohol than the jS salt. 
All the a salts are in fhet more soluble than the corresponding /3 salts. Potassium 
salts, 2C*®IPSO*K -I- H'-'O. — The a salt crystallises from alcohol in laminae, the iS salt in 
needles. The a salt dissolves in 13 pts. water and in 108 pts. alcohol at 11° ; the ;8 salt 
in 15 pts. water and 115 pts. alcohol at 10°. Parium salts, (C*®II^SO’)^Ba -f H^O. — 
The a salt dissolves in 87 pts. water and in 350 pts. alcohol at 10° ; the jS salt in 
290 pts. water and in 1950 pts. alcohol at 10®. Calcium salts. — Crystallise in lamina*; 
the a salt, (C'®H’SO®)®Ca + 2H‘-^0, dissolves in 16'5 pts, water and 19-6 pts, alcohol 
at 10°. The /8 salt forms anhydi*ous ci’ystals soluble in 76 pts. water and in 137 pts- 
alcohol at 10°. Lead-salts. — The a salt crystallises from water or alcohol in shining 
laminae soluble in 27 pts. water and in 11 pts. alcohol at 10°. The ^ salt forms 
scales or crusts containing § mol. water or anhydrous, soluble in 115 pts. water and 
in 305 pts. alcohol at 10°. 

a Naphthylsulphuroxis acid, separated from the lead salt by hydrogen sulphide, is 
completely resolved, by heating to 200® with hydrochloric acid, into sulphuric acid and 
naphthalene : C^oH’SQSH -f- H^O = SO^IT* -i- The similarly treated 

remains for the most part undecomposed (Merz). 

The potassium salts of the two acids heated with potassium cyanide yield a and ^ 
naphthyl cyanide (p. 847). 

The following observations apply to the a acid and its derivatives : 
Naphthylsulphurous chloride, C'®H"SO*Cl, prepared by the action of phos- 
phorus pentachloride on sodium naphthyl-sulphite, is decomposed in alcoholic solution 
by sodium- amalgam, in such a manner as to yield naphthalene and sulphurous acid : 

C'«H’S0»C1 H* -I- H^O = HCl h- + H=SO*; 

whereas in acid solution (with zinc and sulphuric acid) it yields naphthyl sulphy- 
drate : 

CioH’SO^Cl + == C'«H"HS + HCl + 2H*0. 

When sodium-amalgam acts upon the chloride dissolved in pure ether, napldh^ 
sulphurous hydride, C*®H“SO* = C'®H’SO*H, is produced as a thickish oil, slight 
soluble in water, easily in alcohol or ether, converted by oxidation in aiv 
naphthylsulphurous acid, and by treatment with zinc and sulphuric acid 
sulphyarate (Otto a. Mories, Ann. Ch. Pharm. cxlvii. 164 ; Jakresh. 1 

BromonapMhylsulphurous Acid. C'®H*BrSO’H. — Of this acid tj*** 

modifications, the first of which is formed by dissolving monobromonsphtludeiie iB 



KAPHTHYLAMINB. 861 


fuming sulphuric acid; vhen separated from its leii salt it is an asbestos-like 
crystalline mass, or broad, flat needles melting at 187^-189**, Tei^ soluble in water, 
alcohol, and ether. The 'potassium and sodium salts, the calcium salt (C^*H*BrSO*)’Ca 
+ 3H*0, and the barium salt (C**H«BpSO*)*Ba + 2H*0, crystallise in small 
laminm soluble in water and alcohol; the lead salt, (C‘®H*BrSO*)‘'Pb + 1^11*0, 
forms indistinct crystals sparingly soluble in water. The silver salt is a white 
precipitate, blackening at the boiling heat (Otto a. Mories, loc. cit, ; Darmstadter a. 
Wichelliaus, Ann, Ch. Pkarm. clli. 303). — Tlio second modification is formed by 
treating a naphthyl sulphurous acid with bromine, but is at the same time pvrtly 
converted into dibromonaphthalcno, which sejuratos as an oil, gradually solidifying 
to a crystalline cake. The bromonaphth^'Isulphurous acid roinains in solution, and 
may be purified by conversion into a potas.sinm salt. When sopanitod therefrom, it 
forms a dark-coloured syrup, which graviually solidifies under the air-pump to a mass 
whicli melts at 104*^ ; it dissolves easily in water and alcohol, but is nearly insoluble 
in other. The potassium salt is anhydrous, and forms stellate groups of spiculat 
crystals having a faint yellow colour. The barium and had salts are sparingly 
soluble, slight yellow precipitates. — Tlio thinl nuKlification is formed in like manner 
by the action of bromine on /3 naphthyl sulphurous acid, but is not converted into 
dihromonaphthalone ; hence it is obtained in larger quantity. When separated from 
its potassium salt it forms a mieroscopicidly crystalline mass moUiug at 62°, very 
soluble in alcohol and w'ater, and likewise in ether, by which last chariic.tcr it ia 
distinguished from the other two modificaitions. The potassium salt, C’®H*BpSO*K, 
crystailisos in faintly yellow tables ; the barium and lead salts are sparingly soluble 
precipitates (Darmstadter a. Wichelliaus). 

Bromonnphthylsutphurous chloride, C^'IPBrSO^Cl, remains on treating the liquefied 
mixture of the sodium suit of the first modification of bromonaphthylsulphurous neid 
and phosphorus pentachloride with water, as a yellowish resinous non-disti liable 
mass, insoluble in water, easily soluble in ether, alcohol, and benzol, gradually 
decomposed by moist air, with evolution of hydrochloric acid ; decompostKl by 
alcoholic jiotash into bromonaphthyl sulphite and chloride of pobissium, and by 
sodium-amalgam into naphthalene and sulpliurous acid. With ammonia it forms 
hromonaphthylsulphamide, C‘®IPBr .SO'^NIP, which crystailisos from water in luminte, 
from alcohol in needles, and melts at 195*^. Bromonaplithylsulphurous chloride ia 
violently attacked by sodium-amalgam, forming hromonapnihyhulphurous hydride, 
C’^irBrSO’II, which is separated from the aqueous solution of the resulting sodium 
salt, as a viscid oil having the consistence of turpentine and easily soluble in water 
(Otto a. Mories). 


WAPHTBYXi SirUHTDRATB or STAPKTBYla MBBCAPTAIT* 

C‘"1P(SH).— See v. 1093. 

BAPBTBYZiAXlIXBrs. C'®1PN « C'®IPNIP. — According to Bottger (^Dingl, 
pol. J. clxxiii. 480), the hydrochloride of this base is easily obtained by mixing an 
alcoholic solution of nitronaphthalcno with an equal volume of hydrochloric acid, and 
adding a sufficient quantity of zinc-foil to pr<jduce a brisk evolution of hydrogen. 
The filtered solution deposits the hydrochloride in nodular crystals. The sulphatn 
may be obtained in like manner. 


Naphtkylainfai0*^rtd or Naphthalene-red. — Naphthylamine is converted by 
many oxidising agists, viz. stannic chloride, mercuric chloride, mercuric nitrate, or 
nitric acid (^ich, however, is apt to decompose it altogether) into a violet-red 
colouring matter, which may bo extracted by boiling water containing alcohol or 
acetic acid, and precipitated from the solution by sodium chloride or carbonate. If a 
lai^e excess of naphthylamine is used, or if the violet-red body be ^iled with 
naphthylamine, a greyish-blue substance is produced (Scheurer-Kestner, Cht/m, 
app. ill. 262, 313 ; Jahresb. 1861, p. 353; see also Ball5, Zdtschr.f, Chem. pj vi. 51). 

The solution of this colouring matter (prepared with stannic or mtrcur.c chlonde) 
in boiling alcohol has a deep red colour, and when evaporated deposits beautiiul 
needle-shaped crystals having a green colour and metallic lustre. These crystals ara 
the hydrochloride of a base having the composition derived fr^ 3 mol. 

naphthylamine by abstraction of 3 mol. hydrogen, just as rosaniline is denvw fr|^ 
aniline: 3C*®H*N — 3H* — The hydriichlorido dried at 100 has thft 

composition C®®N**K».HC1 + H*0. The plaiinochloride, 

HCl) RCl* 2H*0 ; the dried at 100® is C**H**N*.C*H*(KO^*0 

+ K»0. As all these salU retain 1 mol. water at 100®, it is ptobable that the frea 
hase, lill will also be found to contain water, and to have the o^positiofl 

The hydrochloride exhibits a characteristic reaction, which distin- 
gtflthM it filiain all the aniline-dyes. On pouring a few drops of its concentrated: 
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solution Jtito A cylindrical vessel filled with alcohol, a liquid is formed, perfictlv 
transparent, with light rose-colour by transmitted light, but exhibiting in rofiGottil 
light a strong and peculiar fiuorescence, giving an appearance of opacity, as if a 
precipitate were being formed, and diffusing itself through the liquid in clouds of a 
nery-red colour. 

Naphthylamine-red is also formed by treating azodinaphthyl-diamine with naph- 
thylamine, ammonia being evolved at the same time. In this case its formation from 
naphthylamino may be represented by the two following equations : 

2C“>H‘*N + HNO* = 2H*0 + 

Naphthyl- Azodinaph- 

amlne. thylamine. 

C20H1SN3 + C“»H®N » NH* + 

Azodinaph- Naphthyl- 

thyldiamiue, amino-rod. 

Naphthylamine-red forms splendidly crystallised colouring matters with the iodidos 
of methyl and ethyl (Hofmann, Deut. chem. Ges, Ber, 1869, pp. 375, 412; Zeitschr 
f. Chem. [2] v. 632, 694). 

On the action of acids on naphthylamine, see Chapman (Chem. Soc. J. [2] iv. 13.5, 
829). 

MTA.PKTK’S’l.-C.a.ltBOX'SniZC A.CZ1>. Syn. with Naphthoic Acid (p. 8.31). 

ariLPBTHYX.-x»ZA»mrzi, |n», and xrAPBTsnrx.z:inB. 

3>XAllIZirs« |n*. — Naphthyl-diamino is produced, together with naphthyl- 

amine and pyridine (as secondary product), by the action of nascent hydrogen on azo- 
dinaphthyldiamino : 

When a saturated alcoholic solution of azodinaphthyldiamine is digested with tin and 
strong hydrochloric acid, the decanted yellow solution evaporated, the aqueous extract 
of the residue freed from tin by hydrogen sulphide, and the filtrate evaporated as much 
as possible without contact of air, a residue is left, which, after recrystallisation 
from a small quantity of water, with addition of strong hydrochloric acid, and washing 
With dilute hydrochloric acid, consists of the hydrochlorides of naphthylamino and 
naphthyl-diamine ; the pyridine salt remains in the mother-liquor. The separation 
pf the two salts is most easily effected by repeated digestion with absolute alcohol, 
which dissolves chiefly the hydrochloride of naphthylamino, while the naphthyl- 
diamino salt remains undissolved. 

Naphthyl-diamine precipitated from the hydrochloride by ammonia forms splendid 
shining scales, which on exposure to tho air are very quickly converted into a dark 
green mass. By distillation in a stream of hydrogen it is obtained as a pale yellow 
oil of very high boiling point, solidifying to a crystalline mass on cooling. It is 
easily soluble in alcohol, ether, and benzol, Tho hydrochloride^ 2IIC1, 

crystallises from hot water in laminae, and is almost completely precipitated from its 
aqueous solution by hydrochloric acid. Tho gold and platinum salts form din^ 
green needles. The sulphate., C*®H‘*N*.H*SOS is precipitated by dilute sulphuric 
acid from tho hot-saturated solution of the hydrochloride in long needles, or as a 
light brown crystalline powder nearly insoluble in cold water and in alcohol. The 
nitrate is a nodular crystalline mass ; the oxalate crystallises in tufts. 

Tho alcoholic solution of naphthyl-diamine forms with silver nitrate a white 
prwnpitate, which quickly decomposes with separation of metallic silver; the pre- 
cipitate formed with mercuric chloride likewise decomposes in drying. On mixing 
the alcoholic solution of tho base with carbon bisulphide, hydrogen Sulphide is 
gradually evolved, and dark gamct-red crystals separate, sparingly soluble in 
lilcohol, ether, and benzol. Potassium nitrite, ferric chloride, potassium dichromate 
or ferricyauide, produce, in dilute solutions of naphthyl-diamine salts a splendH 
green colour ; in more concentrated solutions a green flocculent precipitate ; this 
reaction is very delicate and serves to distinguish naphthyl-diamine firom naphthylcne- 
daamine (infra\ which is coloured brown-red or chestnut-brown by the oxidising 
agents above mentioned. The green substance is coloured violet by ammonia aiw 
brown -rod by hydrochloric acid; by distillation, either alone or with potasrfii 
reproduces naphthylamino (Perkin, Chem. Soc. J. [2] iii. 173). 

Naphthy lent- diamine hydrochloride^ C’*H*(NH*)’.2HC1, is fon»ed by 
lloiling dinitro-naphthalene with tin and hydrochloric acid, and crystallises from the 



NARCBINE-^NAROOTINE, m;s 

solution, freed from tin by hydrogen sulphide and evaporated in an atmosphere of 
this B»s, in dazzling white needles. The niiraie forms prismatic noodl«s,.4)eeoming 
dark in course of time. Ammonia added to the concentrated solution of the hydro- 
chloride throws down a white crystalline precipitate of naphthylene-diamine, 
melting at 175^. DihromonapfUhj/tew-diamwe, (C‘»H"Bp«)(NH*)», is 
precipitated on mixing the warmed aqueous or alcoholic solution of naphthyleno' 
diamine hydrochloride with bromine, and crystallises from alcohol. By the prolonged 
action of bromine on the hot solution, (rihromonaphfht/lene-diatnine is obtained. 
Potassium nitrite added to the solution of naphtbylono-diamine hydrochloride, throws 
down a violet body, which dissolves slowly in byclrochloric acid, with 

evolution of nitrogen, and when boiled with tin and hy<lrochloric acid is converted 
into naphthylamino hydrochloride (llollemann. Zeitachr. /. Chem. [2] i. 5/S6). 

The isomeric base regardo<l by Porkin as napbtliyl-diamine is probably also a 
naphthylene-diamine, and might be distinguishiMi as iso-amylono-uiamino. 

STARCSXKTB. cording to Hesse {Amt, Ck. Vfiarm. cxxix. 250), 

this alkahud crystallises froni boiling water, alcohol, or dilute sulphuric acid in long 
white prisms, melting at solidifying to an amorphous maas, and giving off at 

higher temperatures vaptnirs which smell like horriug-picklo. I pt. narceine dissolve*! 
at 13° in 1285 pts. water, 915 pta. alccdiol of 85 p. c., and about 800 pis. of dilute 
acetic acid. Strong sulphuric acid colours it (not green as stah'd by Anderson), but 
Mack, and in tliinner layers violet. According to Dragendorff {Jahresh, 1864, p. 728), 
it forms with pure strong sulphuric acid a blood-rcd solution, becoming dark bn)wn 
to garnet-coloured at 150°, and light red on cooling after addition of nitric nei<l. 
Narceine sulphate crystiUlises in small prisma decomposed slowly by cold, instantly 
by hot water into narcoino and sulphuric acid. The picrate forms an oily yellow 
mass, easily soluble in boiling water ; the tannaiet grey-white flw.ka. The mercurih- 
chloride is oily at first, but ultinuitely crystallises in concentric groups of short 
pri.sm8. The 2(C*’*H‘®NO".llCl). PtCl‘ + 2 IPO, is an amorphous 

precipitate which soon becomes crysMlli no ; the aurochloridc is a yellow prcci pi bite 
separating as an oil from boiling water. 

Narccittc Pcriodidcs . — A sfwjui-iodidcy (C*^II*’'NO*)®ITH*, i.s formed when a solution 
of the hydrochloride, diluted with water till it is no longer precipitated by potassium 
peri(Kb(lc, is mixed witli that reagent, and the mixture is left to itself for some weeks 
in a loosely covered vessel. The solution then becomes filled with slender needles of 
the sesqui -iodide. A tri-iodide, C2*ir^“NO*III*, is gradually deposited in heantiful 
needles frf)m an alcoholic solution of the eesqui-iodido mixed witn iodine (Jorgensen, 
Deut, chan. Gts. Ber. 1869, p. 460). 

ch; 

ITABCOTSKB. C«H«NO' = 1 (Miitthiesgen n. FosUsr, Chmt. 

(CIP)’!! } 0» 

Boc. J. [2] vi. 2o7 ; Matthiessen, Proc. Boy. Hoc. xvii. 337 ; Matthiessen a. Wright, 
diid. 34h). — When narcotino is heated with excess of hydrochloric acid for about two 
hours, methyl chloride is formed, and 1 at. hydrogen substituted for CH* in the 
narcotino: 

C«H«NO' + HCl = CH’Cl + 

If the reaction be continued for some days, 2 at. CII* are in like manner replaced by 
2 at. forming the Iwse and when narwgine is heated with fuming 

hydrifxlic acid, 3 at. ClI* are rephiccd by 31f, yielding the base (iv. 27). 

The Last of these bases is called normal narcotino, or more shortly nornar- 
cotine; the other two, and ordinary narcotino itself, are its three methyl-^rivativos : 

Ordiiuiry Narootine 

^ or Dliuethyl- Methyl- 

Trimethyl-nomarcotine nomarcotfne nornarcoMne Komsrcotfne 

C«h«NO' C*'H’‘N0’ C^H'^NOh 

Ordinaiy narcotine heated to a little above 200° per sc, or for a considerable time In* 
contact with water, splits up into meconin and cotarnine : 

C*'»H»(CH*)»NO» - C*H^(CH»)*0« + C“H'®(CH")NO» 

Narcotine. Heconin* OotiutiiDe. 

Bimethyl-nomarcotine heated above 100° with water in sealed tubes likewise under- 
goes decomposition, apparently Uiua : 

C«H*»(CH»)T^O» - C»H*(CH*)0* + C“H»»(CH»)NO» 

Dimethyl- Methyl- 

nomarcotine. normeconin. Cotamins. 
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Hydrochloride of dimethyl-nornarcotine treated with ferric or platinic chloride, formo 
methyl-uoropianic acid and cotamine ; thus : ' 

C‘»H*»(CH»)*NO^ + O = C*H*(CH»)0* + C"H‘«(CH»)NO»* 

Methyl-nomarcotine heated with water yields in like manner normeconin and 
cotarnine : 

C19J£I8(ch>)NO^ „ CSH«0< + C"H><*(CH»)NOS; 
with oxidising agents, noropianic acid and cotarnine: 

C‘®H'®(CH3)NO' + O = C«H«0^ + C"II>®(CH»)NO* ; 

and nomarcotine yields with heated water and with oxidising agents, normeconin or 
noropianic acid respectively, and cotarnimide : 

C»»H'^NO^ « C*1P0* + C”H"NO» 

Nomarcotine. Normeconin. Cotarnimide. 

Ci9Hi»NO’ + O = + C'‘H"NO* 

Nomarcotine, Noropianic Cotarnimide. 

acid. 

The following table exhibits a comparative view of the physical properties and 
reactions of nomarcotine and its methylated derivatives, and of cotarnine : 


Characters of Narcoiine, ^‘c. 



Trimethyl- 

nomarcotino 

(ordinary 

narcotine), 

C”H“NO’ 

Diraethyl- 

nornarcotine, 

G“H=**NO’ 

Methyl- 

nomarcotine, 

Nomarcotine, 

C‘*H‘’NO» 

Cotarninp, 

Form • . 

White 

crystals 

White or 
amorphous 

White, when 
freshly ppd., 
sometimes 
brown ; 
amorphous 

White, turn- 
ing brown 
immediately 
on exposure 
to air ; 
amorphous. 

White ; 
generally 
buff-coloured; 
crystalline 

Solubility in: 
Water . , 

Alcohol . 
Ether . . 

Almost insol. 

Soluble 

Soluble 

Almost insol. 
Very soluble 
Slightly sol. 

Almost insol. 

Insoluble 

Insoluble 

Almost insol. 

Insoluble 

Insoluble 

Almost insol. 
Very soluble 
Very soluble 

Concen- 
trated solu- 
tion of 
Chloride . . 

Not ppd. by 
HCl. Solu- 
tion in HCl 
not ppd, by 
water 

Ppd. par- 
ti ally by HCl. 
Solution in 
strong HCl 
ppd, by 
water: the 

1 ppd. chloride 
is tarry 

Mostly ppd. 
by HCl. 
Solution in 
strong HCl 
ppd. by 
water j ppd, 
chloride 
granular 

Almost 
wholly ppd. 
by HCl. 
Solution in 
strong HCl 
ppd. by 
water; ppd. 
chloride 
granular 

Not ppd. by 
HCl. Solu- 
tion in HCl 
not ppd. by 
water 

Taste of 
Chloride . 

Bitter 

Bitter 

Astringent 

Tasteless 

Bitter 

.S 

'O 

c .. 
arS 

2 '5 

|8 

"PtCl<* 

Yellow pp. 

Yellow pp. 

Yellow pp., 
slowly turn- 
ing brown 

Yellow pp., 
immediately 
turning brown 

Yellow pp. 

KHO 

Pp. insoluble 
in excess 

Pp. solufj^e 
in excesi^ 

Pp. slightly 
sol. in excess 

Pp. soluble 
in excess 

Pp. slightly 
sol. in excess 

NH<HO 

Pp, insoluble 
in excess 

Pp. slightly 
sol. in excess 

Pp. soluble 
in excess 

Pp. soluble 
in excess 

Pp. soluble 
in excess 

Na^CO* 

Pp. insoluble 
in excess 

Pp. insoluble 
in excess 

Pp. soluble 
in excess 

Pp. soluble 
in excess 

Pp. soluble 
in excess 


• All these precipitates decompose on boiling with excess of platinum cblorld<i||r 
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According to Gobley (J, Phann. [4] ii. 156), narcotino may be extracted from 
opium — together with a fatty oil and a substance resembling caoutchouc — by digestion 
with oil of turpentine at 100®. 

Narcotine 2Vi-iodide^ is formed by mixing an alcoholic solution of 

narcotine with hydrochloric acid, adding the calculated quantity of iodine, and then 
water till a permanent turbidity is produce<l. On stirring the liquid, the tri-iodide 
separates in shining laminie, and an additional quantity may be obtained by adding 
more water. This compound is mcMleratelj' soluble in alcohol, but undergoes a 
remarkable alteration when boiled therewith, the solution on cooling depositing the 
tri-iodide of a new base, tarconiiio, C‘*U'*NO*, containing 2 at. liydrogen less than 
cotarnino : 

-t ll»0 = C»ni‘'NOMlP + + 4lU 

Narcotino Taroouiuo Opiauio 

trl-iodi(Jo tri-iodi<ie. aclii, 

2(Cmh”NOMII) 

Narrotino 

Uydriodkle. 

(Jorgenson, Dent, chem, Ges. Bcr. 1869, 460; Zeit8chr. f, Chem, [2] v. G73). 

srSFH&ZTS. For analyses of this mineral from the pilo-buildings of the Swiss 
lakes and other localities, see Fcllcnberg {Jahresh, 1865, p. 880); Uamour (Cowp/. 
rend. Ixi. 313, 857 ; Jahresb. 1865, p. 880). 

jrSPBJtOZYMA.SB. This name is applied by B(!»champ Soc. Chim, [2] 

iii. 213) to a soluble ferment existing in the urine of man, the dog, and tlie rabbit, 
and capable of converting starch into sugar. 

JTBXimnrB. Syn. with Chomne (p. 448). 

IsrZCX.BXi. The atomic weight of this metal has been rodetonninod by Bussell 
{Chem. Soc. J. [2] vii. 294) by measuring the volume of hydrogen evolved on dissolving a 
known weight of the pure metal in hydrochloric acid. (See Analysis of Gases, p. 142.) 
The mean of four closely agreeing experiments gave for tlie atomic weight of nickel 
the number 58 70, which is very nearly the same as that which Bussell formerly 
obtained (iv. 40) by reducing th(3 pure monoxide with liydrogen, viz. 58 74. 

Different but loss trustwortliy rcsidts have been obtained by Sommaruga {Jahreab. 
1866, p. 244) and by Winkler {ibid. 1867, p. 289). The former, by analysis of 
niccolo-potassic sulphate, (SO*)-NiK''‘ + 611*0, obtained the number 58 ; the latter, by 
reducing a neutral solution of sodio-auric chloride with metallic nickel, and weighing 
the gold precipitated, found Ni = 59 06. 

Detection of Nickel. — A solution of a nickel salt mixed with sodium acetate and 
hypochlorite^ and heated to the boiling point, deposits a deep blue, nearly l)lack peroxide 
forming a specular coating on the glass ; the reaction is extremely delicate, and every 
trace of nickel is thereby removed from the liquid (Popp, Ann, Ch. Pharm. cxxxi. 363 ; 
see also Wicke, Zcitschr. f. Chem. [2] i. 86 ; Jahre^b. 1865, p. 267). Sfxiium hi/postd- 
phite added to nickel salts at the boiling heat throws down black nickel sulphide, 
probably also forming trithionato and chloride of so<liuni: 

NiCP + 2Na^S^O=‘ = NiS + Na''S»0* + 2NaCl. 

The precipitate is not attacked by strong sulphuric or boiling hydrochloric acid, but ill 
oxidised by nitric acid to nickel sulphate (W. Gibbs, Silt. Am. J. [2] xxxvii. 346). 

PoUieexum eiUptiocarbonate colours a nickel solution crimson -brown, or, if very 
dilute, rose-red. The solution to bo tested is first freed from cobalt potassium 
nitrite, and the filtrate is made alkaline with ammonia, mixed with sal-ammoniac, and 
precipitated with a little colourless ammonium sulphide. The filtrate from this 
precipitate yields, when strongly concentrated by evaporation, a precipitate of nickel 
sulphide. This precipitate is washed on a filter, dri^, ignited, treated with a little 
nitric acid, and evaporated. The saline residuc^is dissolved in water and axldod bo 
about 50 c. c. water containing 1 or 2 drops of theoblution of sulphocarbonnto (prepared 
by saturating one half of 260 c. c. potash-ley containing 6 p. c. K*0 with hydrogen 
sulphide, adding the other half, gentlv warming the liquid for two days with 10 o. c. 
carbon bisulphide, and then decanting from the nncombined CS*). ^ If nickel is 
present, the rose-red or crimson colour will be produced. This reaction sufiAces to 
distinguish Jbf millignu. of nickel in 1 c. c. of liquid. J ho nickel-compound dissolved 
in the alkaline sulphocarbonate exhibits in dilute solution distinct absorption-bands ; 
concentrated solutions stop the light almost completely (C. D. Braun, ZaUachr, /. CAssi. 
[2] V. 809). 
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366 nicotine— NITRATES. 

For other methods of detecting nickel in presence of cobalt, and for separating 
two metals, see Cobalt. 

xmOTnfS. On the preparation of this base see Pribram 8oc. Chim. 

[2] riii. 276), De Luynes (Compt. rmd, Ixvii, 666) describes a compound of nicotine 
and orcin, as an oil soluble in excess of narcotine. According to Huber (Ann. Ch. 
Pharm. cxli. 271), nicotine oxidised with potassium chromate and sulphuric acid 
yields an amidated acid, C®H*NO®, from which by distillation with lime an oily base, 
C*II*N, soluble in water is obtained. 

irZTlftiLTBS. 1. Bydrogren Bitrate or Bltrio ikeld. — Exact determina- 
tions of the specific gravity of aqueous nitric acid of various strengths have been 
published by J. Kolb (Ann. Ch. Phys. [4] x. 136). The percentage p of hydrogen 
nitrate, HNO*, was determined in eadh case by adding a weighed and excessive 
quantity of pure calcium carbonate, and weighing the undissolved portion. The 
values directly determined are distinguished in the following table by an asterisk : 



Density 

Controc - 


Density 

Contrac - 

J > 

at 0 ^ 

at 16 ° 

tiou 

P 

at 0 ° 

at 16 ° 

tlon 

10000 

1-659 

1-530 

0-0000 

68-88 

1-387 

1-368 

0-0861 

99 - 84 * 

1 - 669 * 

1 - 530 * 

0-0004 

58-00 

1-382 

1-363 

0-0864 

99 - 72 * 

1 - 568 * 

1 - 530 * 

0-0010 

67-00 

1-376 

1-368 

0-0868 

99 - 62 * 

1 - 567 * 

1 - 629 * 

0-0014 

56 - 10 * 

1 - 371 * 

1 - 353 * 

0-0870 

97 * 89 * 

1 - 551 * 

1 - 523 * 

00065 

66*00 

1-365 

1-346 

0-0874 

97*00 

1-648 

1-520 

0-0090 

64-00 

1-369 

1-341 

0 0875 

96-00 

1-544 

1 516 

0-0120 

63-81 

1-358 

1-339 

0-0876 

95 - 27 * 

1 - 642 * 

1 - 514 * 

0-0142 

53-00 

1-353 

1-336 

0-0875 

94-00 

1-537 

1-509 

0-0182 

62 - 33 * 

1 - 349 * 

1 - 331 * 

0-0875 

93 - 01 * 

1 - 533 * 

1 - 506 * 

0-0208 

60-99 

1 - 341 * 

1 - 323 * 

00872 

92-00 

1-529 

1-503 

0-0242 

49-97 

1-334 

1-317 

0-0867 

91-00 

1-526 

1-499 

0-0272 

49-00 

1-328 

1-312 

0-0862 

90-00 

1-522 

1-495 

0-0301 

48-00 

1-321 

1-304 

0-0856 

89 - 56 * 

1 - 521 * 

1 - 494 * 

0 0315 

47 - 18 * 

1 - 315 * 

1 - 298 * 

0-0850 

88-00 

1-514 

1-488 

0-0354 

46-64 

1-312 

1-295 

0-0848 

87 - 45 * 

1 - 513 * 

1 - 486 * 

0 0369 

46-00 

1*300 

1-284 

0*0835 

86 - 17 * 

1 - 507 * 

1 482 

0-0404 

43 - 63 * 

1 - 291 * 

1 - 274 * 

00820 

85 - 0.0 

1-503 

1-478 

0-0433 

42-00 

1-280 

1-264 

0*0808 

84-00 

1-499 

1-474 

00459 

41-00 

1-274 

1-257 

0-0796 

83-00 

1-495 

1-470 

0-0485 

40-00 

1-267 

1-261 

0-0786 

82-00 

1-492 

1-467 

0-0508 

39-00 

1-260 

1-244 

0-0765 

80 - 96 * 

1 - 488 * 

1 - 463 * 

0-0531 

37 - 96 * 

1 - 253 * 

1 - 237 * 

0-0762 

80-00 

1-484 

1-460 

0-0556 

36-00 

1-240 

1-225 

0-0740 

79-00 

1-481 

1-456 

00580 

35-00 

1-234 

1-218 

0-0729 

77*66 

1-476 

1-451 

0-0610 

. 33 - 86 * 

1 - 226 * 

1 - 211 * 

0-0718 

76-00 

1-469 

1-445 

0 0643 

32-00 

1-214 

1-198 

0-0692 

75-00 

1-465 

1-442 

0-0666 

31-00 

1*207 

1-192 

0*0678 

74 - 01 * 

1 - 462 * 

1 - 438 * 

0-0688 

30-00 

1-200 

1*185 

0-0664 

73-00 

1-457 

1-435 

0 0708 

29 00 

1-194 

1-179 

0-0650 

72 - 39 * 

1 - 455 * 

1 - 432 * 

0-0722 

28 - 00 * 

1 - 187 * 

1 - 172 * 

0-0636 

71 * 24 * 

1 - 460 * 

1 - 429 * 

0-0740 

27*00 

1*180 

1-166 

0-0616 

69-96 

1-444 

1-423 

0-0760 

25-71 

1 - 171 * 

1 - 157 * 

0-0593 

69 - 20 * 

1-441 

1 - 419 * 

00771 

23*00 

1-153 

1-138 

0-0620 

68-00 

1-436 

1-414 

0 0784 

20-00 

1-132 

1-120 

0-0483 

67-00 

1-430 

1*410 

0-0796 

17 - 47 * 

1-115 

1-105 

0-0422 

66-00 

1-425 

1-406 

0-0806 

1600 

1-099 

1-089 

0-0336 

65-07 

1 - 420 * 

1 - 400 * 1 

0-0818 

13-00 

1086 

1-077 

0-0316 

64-00 

1-416 

1-395 

0-0830 

11 - 41 * 

1076 

1 - 067 * 

0-0296 

63-59 

1-413 

1-393 

0-0833 

7 * 22 * 

1-050 

1 - 046 * 

0-0206 

62-00 

1-404 

1-386 

0-0846 

4-00 

1-026 

1-022 

0-0112 

61 - 21 * 

1 - 400 * 

1 - 381 * 

0 0860 

2-00 

1-013 

1*010 

0-0065 

60-00 

59 59 * 

1-393 

1 - 391 * 

1-374 

1 - 372 * 

0-0854 

0-0865 

000 

1-000 

1-999 

0-0000 
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J)et6etw^ Estvmaiion qf Nitric P. Holland (C%<wi, NewSf xvii, 210) 

modifies Pelonze’s^ method of estimating nitric acid (by oxidation of a ferrous salt, 
iv. 87) by performing the oxidation in a vacuum. 

Chapman ^^Chem. Soc. J. [2] vi. 172) estimates nitric acid by reducing it with 
aluminium (i method first suggested by Fr. Schulze, Jakreab, 1861, p. 836). and 
distilling off the ammonia thereby produced. The quantity of ammonia, if somewhat 
considerable, is determined by titration ; if very small, as in ordinary waters, by 
NessleFs test, the depth of colour produced being compared with that developed in a 
similar manner in a standard solution of ammonia. (JSeo Water-analysis, v. 1032.) 

According to E. Schulze {Zeitschr. anal. Chem. vi. 379), the estimation of nitric 
acid by reduction with aluminiuni (or zinc) is not applicable to vegetable juices, or 
any liquids containing la^^e quantities of organic matter, whereas that of ffehlbsing, 
depending on the r^uciiig action of ferrous chloride (iv. 88), gives good results, 
Fr. Schulze {Z^tackr. f. Chem. [2] iv. 296) now recommends that such liquids bo 
first distilled with dilute potash to remove ammonia, the organic matter then destroyed 
by heating the alkaline solution with potassium pormang>inato, the excess of perman- 
ganate decomposed with a salt of formic acid, and the nitric acid determined in tlie 
neutralised and concentrated filtmto by reduction with aluminium. 

Schenk a. Chapman {hahoratory., i. 162) find that Ihigh’s method of estimating 
nitric acid by converting it into ammtmia with stannous chloride, and determining 
the excess of the latter volumetrically, is not applicable to water-analysis, because 
or^nic matters of all kinds likewise convert stannous into stannic chloride, ammonia 
being also formed if the organic matter is nitrogenous. 

C. Nbllner {Zeit&chr, anal. Chem. vi. 375 ; vii. 355) estimates nitric acid in salt- 
petre and saltpetre-lyes by means of the solubility of ammonium nitrate in alcohol. 
1 grm. of the salt is heated with ammonium sulphate and a little water ; absolute 
alcohol is then added; and the liquid filtered from the sulphates is mixed with an 
alcoholic solution of pure potash, whereby potassium nitrate is precipitated, and may 
be washed with alcohol and weighed. 

The following process for the detection of nitric and nitrous acids, founded on an 
observation of Hofmann {Ann. Ch. P/iarm. xlvii. 60), is given by 0. 1). Braun 
{Zeiischr. anal, Chem. vi. 71) i 1 c. c. of pure stmng sulphuric acid is mixed on a 
watch-glass by drops with i c. c. of a solution of aniline sulphate, and a drop of the 
liquid to bo tested is brought on the end of a glass rod to the edge of the acid liquid. 
If only a trace of the nitric acid is present, deep cjiruation-rwl streaks and curves 
make their appearance as the liquids slowly mix, and the entire liquid becomes rose- 
rod, or, if the quantity of nitric acid is rather larger, carmine-red to brown-re<l or 
brown-yellow. In this manner nitric acid may be detected in common sulphuric 
acid and in spring or river water. 

On the reduction of nitric acid by tin and hydrochloric acid, boo Htoroxylaminb 
(p. 722). 

According to Schonbein (J". pr. Chem. cv. 208; Jahresb. 1868, p. 179), those 
organic substances which decompose hydrogen dioxide catalytically have also the 
power of reducing nitrates in solution to nitrites, and completely decomposing the 
latter. This reaction has been especially noticed with fresh confervee, yeast, and 
fungi in general, also with blood-corpuscles. 

2. MCetallio nitrates. Copper Nitrates. — A tetraeuprio salt, 40u0.5^*0* + 
is precipitated from a boiling solution of the normal nitrate by an acetate of 
aUcali-metal, magnesium, manganese cobalt, nickel, zinc, cadmium, copper, or load, 
also by many propionates and valerates, also on mixing a solution of cupric acetate 
^ith the nitrates of many of the bases just mentioned ; ammonium nitmj^ gives no 
precipitate (Casselmann, Jahresb, 1865, p. 274). 

Indium Nitrate. — See Indium (p. 732). 

Iron Nitrates.- Ferrous nitrate is most readily prepared b^ dissolving ferrous 
sulphide in cooled nitric acid of sp. gr. less than 1’12. The solution, made as neutral 
as possible, carefully concentrated by evaporation, and then exposed to a winter 
temperature, deposits the salt in ciy'stals, which appear to consist of (NO*)*Fe + 
6H*0. These crystals may be preserved in the moist state at low temperatures ; but 
when separated from the mother-liquor they are quickly converted into red-brown 
basic ferric nitrate. 100 pta, of the crystuilised salt dissolve in 60 pts. water at 

in 40*8 pta. at 16® (sp, gr. of solution 1*48), and in 33*3 pta. at 26® (sp. gr. of 
solution 1*60 (Oidway, M. Am. J [2] xl. 826). 

Cubic /erric Fo*0*.3N*0* + 12H*0 or {Fe»)’*(NO*)* + 12H*0, is always 

obtained when solution is so composed that it may be regarded as oontainiog 

8x2 
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equivalent quantities of the crystallised salt and the hydrate of nitric acid, N»O\3H*0. 
If it contains less water, no crystals are formed; if more, the cubic salt is always 
associated with the clinorhombic salt, containing ISH'O (iv. 93). The latter is 
formed exclusively when the solution has a constitution represented by the formula 
(Fe^O* . 3N^O* + ISH^O) + «(N*0*.4H*0). The cubic salt also ciystellises out 
when the clinorhombic salt is heated till it has lost 14 p. c., and the liquid is mixed 
with an equal volume of fused hydric nitrate, (NO*H), or when 1 mol. of the fused 
clinorhombic salt is mixed with rather more than 4 mol. NO'H. During the cooling 
and crystallisation the liquid must be protected from atmospheric moisture (Ordway). 

The same method serves also for the preparation of other nitrates in the crystalline 
state, especially those 'of chromium, glucvnum, zbic, and manganese', the gliiciiium 
salt crystallises in quadratic oetohodrons (Ordway). 

On commercial nitrate of iron, see Lonsson {Zeitschr. /. Chem, [2] vi. 284). 

Lead Nitrates,— diglumtnc salt, Pb(NO’)^PbO + 4H20, is procipitatcd 
from a solution of potassium nitrate or normal lead nitrate by a slight excess of 
basic lead acetate. The triplumlfiG Pb(NO^)2. 2PbO, is formed by mixing the 
aqueous solutions of tri plumbic acetate and potassium nitrate (the precipitate redissoh cs 
in excess of the basic acetate) ; it is slightly soluble in cold water, more soluble than 
the diplumbic salt, is precipitated therefrom in tlie crystalline form by alcohol, mid 
crystallises from the hot-saturated solution in small hard prisms. It has been 
obtained with quantities of water varying from 1 to J mol. The sexplumbic salt, 
Pb(N03)2. 5PbO + is separated from the solution of either of the prece^ling 

salts by excess of ammonia, as a fine white perfectly insoluble precipitate (J. Ldwo, 
Zeitschr, anal, Chem. iv. 388; J, Jtr, Chem, xcviii. 385). 

Sodium Nitrate. NaNCP.— This salt occurs native, not in Chile, as commonly 
stated, but in the province of Tarapaca, Dep. Moquegua, in Peru. The following 
analyses are by D. Forbes {Phil, Mag. [4] xxxii. 139): a. Comparatively pure 
selected crystals from the bod of La Noria, about 30 miles oast of Iquique, and 
3052 feet above the sca-levci.— 5. Fino-graine<l saline mass from a hill on the de 
Ohispo, west of the port of X^isagua : 

NaNO’ NaCl CaCl" KI Na’SO* MprSO^ AP(SO*)’ Tnsol. 

76-69 21*03 0*45 — 092 — — 0-31 = 100 

21-01 55-27 0-83 087 4*74 6 93 9 81 2 04 = 100 


Thallium Nitrates.— See Thallium (v. 754, 756). According to Carstjmjcn 
{Jahresh. 1807, p. 280), thallious nitrate is decomposed at a bright red heat, giving 
off a volatile thallium-compound, and leaving a mixture of thallious nitrite and 
thallic oxide. 


3. XOritric ZStliers (Cliapm.an a. Smith, Chem, Soc, J, [2] v. 576; vi. 174). 
Amyl Nitrate, C*H"NO^ is best prepared by gmdually pouring 160 c. c. of a 
mixture of 1 vol. nitric acid (sp. gr. 1*36) and 3 voL strong sulphuric cooled with ice 
and salt into 50 c. c. amyl alcohol, through a funnel reaching to the bottom of the 
vessel, the liquid being stirred all the while. The amyl nitrate then rises to the 
surface as an oily layer, which may bo purified by washing with weak potash-ley and 
water, drying over calcium chloride, and rectification. 

It boils constantly at 147*^-148®; between 7° and 8° it has exactly the same specific 
gravity as water, but is lighter above and heavier below that temperature. Ine 
inhalation of its vapour produces headache and restlessness for several hours. It is 
quite insoluble in water, soluble in ethylic, methylic, and amylic alcohols, benzol, and 
glacial acetic acid, insoluble in concentrated formic acid, hydrochloric acid, cold nitric 
and sulphuric acids, and is not attacked by hydrochloric, acetic, formic, or oxalic acid, 
oven at the boiling heat. At its boiling point it dissolves considerable quantitiw ol 
sulphur and phosphorus. It is not attacked by trichloride or pentachloride of phos- 
phorus ; but with the oxychloride it gives off hydrochloric acid, and forms chlorinate 
substitution-products of intolerable odour. With sodium methylate and alcoholic 
potash it behaves like amyl nitrite (p. 870). Sodium introduced into well-cimie 
amvl nitrate acquires a strong silvery lustre, and forms, with violent reaction, sodium 
amylate and sodium nitrate : C*H» ‘NO* -h Na* = C*H"NaO -t- NaNO*. If the amyl 
nitrate is diluted with an equal volume of ether, sodium acts very violently on it, even 


in the cold. . . . 

Amyl nitrate is not acted upon by zinc-ethyl when the two are mixed in an 
sphere of carbon dioxide ; but on bringing the mixture for a moment in contwt wiin 
the air, it explodes with vivid incandescence. If heated to about 40® it 
extraordinary violence. By dilution with ether the reaction may be moderated; iv 
then begins at about 100®, yielding products of deep decomposition. j ^ 

Ethyl Nitrate, OII'NO*, may be prepared like the amyl compound, and reacts 
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a similar manner with the chlorides of phosphorus ; it likewise dissolves sulphur and 
phosphorus, and is decomposed by potassium acetate into ethyl acetate and potassium 
nltnvte • with sodium it forms ethylate and uitrnte of sodium. 

Methyl Nitrate resembles the ethyl cotnpoiuul, distils over scKlium without 
alteration, and is decomposed by it only when the two are heated togotln r in a sealed 
tube and in presence of ether, 

O'! the nitrates of isobntyl and isopropyl sec IUttyi, and Puopyi. comi>ounds. 

On the reduction of nitric others by tin and hydrochloric acid, see Hyduoxylaminii 

<p. 722). 

Action of Faff 1 / Acids on Nitric Ethers m Presence of Sidphuric /IciW. --When amyl 
r.itVcite is added by drops to a warm mixture of 20 pLs. ghiciul acetic acid and 1 pt. 
PtiHmg sulphuric acid, carbon dioxide and methyl nitrite are given off, while amyl 
ucotate remains in solution : 

C»I1"N0« + 2C‘H‘0-^ = C‘U“.C*IP0'^ + ClONtP + + IV^O. 

Ihitvl nitrate and ethyl nitrate net in a similar maniuT. With nulliyl nilrale the 
reaction appears to be as follows : 

3CI1=*N0=* *= 2(^1PN0’ 4 HNCP + CO* 4 IPO. 


Similar reactions are also prfKluccd wdion valeric acid is used insU^ad of acotio 
acid but the butyl nitrite thereby pnKluccd suffers immediate decomposition. Amyl 
nitrate and formic acid in presence of sulphuric acid yield amyl f>rmate, nitrogen 
monoxide, Civrbon dioxide, and water, red vapours being also given off. 

xrrntZXiSS* See Cyanidk-h, Ai.coholk; (pp. 522-028). 

j l iT H T TTpg- For the preparation of potassiian, nitrite, vStahlschniidt {PoiM. Ann. 
cxxviii 466 ; Jahresb. 1866, p. 103) roi-ommciids the following process, founded on t ho 
fact that potassium iiitmto in presence of free alkali is quickly reduced by the actum 
of /.inc-poUer, even at onUnury temperatures to nitrite ami '' 

with evolution of nitrogen. A solution of laitassium lulrato saturaleil at 30 -40 is 
milted with aliout ono-tcnlh of its volume of ivquoouH aniiuoiiia ; and iiiic-powdor is 
added by small portions, with frequent agiUilion and eooliiig, to keep 
below SO®, till the greater part of the nitrate is deconijswecl (which may Jj® 
a sample of tho liquid, boiled to expel ammonia and lilleroil from 
oxi.le, no longer giving a perceptible precipitate when mixed with ^ “ 

The elariHnd solution ia then decanted from tho zinc, iKiibd 

then filtered and treated with carbon dioxide at llio boiling heat to decomposo the 
nieUillic nitrites. The solution thus freeil from 

with nitric acid, and the potassium nitrate is separated by “"f 

saiion. A similar process may be applied to '>‘®. 

Krdmanii (Jahi^h. 1866, 1.54) prepares peitsssinm iiilnto ^f’^wuHllinm 

cast-iron crucible at a moderate rml heat, with several times its weight of iron filings 
or turrngs, till a sampladissolvod in water and treated with p'P .«.d give, off 

abundant of nitrous acid. Tho cooled mass is then lixivialod p.* ^ * 

tioii somewhat concentrated till the undccomposed nilrato 

saturated with nitrous acid (evolved from sUrch and nitric acid), and evaporated at a 

Xilrilet of Nickel and Co Jai< (Erdmann, .7. pr. CAm. xcvii. 385 ; JaArrsi, 
1865, p 717 : 1866, p, 245). — Nickel solutions quite free from cobalt or calciumyield 
oradSition of a ia%e q4ntity of potassium nitrite, a ■•?d-b™wn l>«em|t^ 
potassium-nickel nitres (iv. 74) ; but when wlcium J‘^"Sow 

this double salt or to a mixture of nickel chloride and potassium nitrite, a y*'*^ 
ll^st^tep^jdUte ome triple «at, »iCaK»iNOV^ « form^ very s^My ^ 
in cold wato. but dissolving easily with green colour, sedte of 
and strontium chloride form in like manner yelkw or ^^h-^U^ipte^s^^ ^ 
analogOQS constitution, which sep^te from ho . mixed witE chloride of 

combTations of the :?th nS^ium^"^ 

prewnce of calcium salte. , , exceM of ootassium nitrite a yaUoir 

A neutral solution of coWt H?STXten mixed with alsrs# 

emtaUine precipitate of the salt 

X of ecetie eeid yields deposited ftom a laixtar# 
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of nickel acetate and ammoniitm nitrite in small, shining, cherry-red, apparentlv niA. 
clinic crystals. A double salt of tetrammonio-cobaltic nitrite with potassium nit > 
4NH^. Co^(NO^/ + 2KNO'^, is obtained by mixing a solution of cobalt chloride uTh 
a large quantity of sal-ammoniac and excess of potassium nitrite ; the liquid the” 
deposits at a gentle heat shining yellow scales of potassium-cobalt nitrite, and 
wards brown vitreous rhombic prisms of the double salt just mentioned. The potas- 
sium in this salt may be replaced by equivalent quantities of other metals : tljug its 
solution forms with silver nitrate a yellow or orange-coloured precipitate of the 8;ilt 

4Nfl*. Co^(NO^)® + 2AgNO“. A neutral solution of cobalt chloride mixed with neutral 

ammonium nitrite yields by slow evaporation brown rhombic prisms of the double salt 
4NH*.Co2(N02)« + 2NH<N02. 

On the estimation of nitrous acid by means of potassium permanganate, see Kubel 
(tf. pr. Chem. cii. 222 ; Zdtschr.f. Chem. [2] iv. 314). 

MTltrous Etbers. A my I nitrite, ’N O is formed, together with nitric acid, 

by the action of nitrogen tetroxido on amyl alcohol ; 

C*H‘20 -f = C^H”NO* -I- NHO». 

When nitrous acid vapour (from starch and nitric acid) is passed into amyl alcohol, 
ammonium nitrate is produced, as well as amyl nitrite, probably because the nitrous 
acid vapour is a mixture of [or is resolved into] the totroxide and dioxide of 
nitrogen : 

4- = 5C*H”N02 -f -h H^O 

(N. Bunge, TfAUchr.f. Chem. [2] ii. 82, 225 ; Bull. Soc. Chim. [2] vi. 482). 

Amyl nitrite added by drops to a hot mixture of potassium dichromate and dilute 
sulphuric acid is oxidised to nitric acid, valeric acid, and amyl valerate. Strong sulphuric 
acid acts violently on it, sometimes setting it on fire ; sulphuric acid diluted with 2 pti«. 
water decomposes it at 100®, forming sulphurous oxide, nitrogen dioxide, and amyl 
valerate : 

2C*H"NO* 4- H^SO^ = 2H20 4- SO* 4- N*0* 4- C*H” . C*II®0*. 

Amyl nitrite dropped into a gently warmed mixture of concentrated hydriodic acid 
and phosphorus is decomposed, with formation of nitrogen dioxide and amyl iodide. 
'I’reatod with excess of phosphoric anhydride, it is violently attackfKl, forming a brown 
solid mass, probably containing the cyanide of an alcohol-radicle of the allyl series, 
C^H'.CN, formed according to the equation C*H'*NO* = C^H^N 4- 2H*0 (Chapman, 
Chem. 8oc. J. [2] iv, 333, 336). 

Amyl nitrite (boiling at 98°-99®) heated to 106® with sodium methylate is resolved 
into methyl-amyl oxide and sodium nitrite : 

C^H»NO* 4- CH«NaO * CH».C^H".0 4- NaNO*. 

With sodium ethylate, it yields in like manner, ethyl-amyl oxide ; with an alcoholic 
solution of potash, it forms amyl alcohol and ethyl-amyl oxide in proportions varying 
with the quantity of water present. Heated with ammonia to 1 30®, it is resolved into 
amyl alcohol, nitrogen, and water : 

C»H”NO* + NH* * C*H»*0 4- N* 4- H*0. 

Strong aqueous hydrochloric acid decomposes it only when heated, and even then not 
completely ; but when saturated with hydrochloric acid gas and heated, it yields amyl 
alcohol, nitrogen dioxide, and clilorino : 

C*H»>NO* 4- HCl = C^H'*0 4- NO + Cl; 

if water is altogether absent, amyl chloride and its chlorinated derivatives are 
also formed. Wi Ui hydrobromic aoid, amyl bromide and nitrous acid are formed : 
C*H“NO* + HBr =» 0*H**Br 4- HNO*; with Aydriodic iodine is separated, and 
ammonia is frequently formed ; 

2C*H“NO» + f HI - + N'O* + 2H*0 + I*. 

Boiled with glacial acetic acid, it gives off red vapours, then pure nitrogen dioxide, and 
forms amyl acetate : 

C*H“NO* + C*H<0* « C»H».C*H»0» + HNO». 

Heated vnfh formic acid, it relicts according to the equation : 

2C‘H"NO* + 4CH*0* « 2(C»H”.CHO*) + N*0 + 2CO* + 3H»0. 
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Heatetl with a concentrated solution of zinc chloride, it graduallj dissolres, with 
abundant evolution of gas and formation of valeraldohydo and amyl valerate : 

4C*H"N0* - 2H"0 «= 4C^H“‘0 + + N* ; 

and 

4C*H"NO^ - 2U*0 = 2(CT1»»,C‘HW) + NW + N*. 


Zific acts but slowly on amyl nitrite at tlio boiling boat, forming zinc amylato, with 
continuous evolution of nitrogen dioxide : 


2C*H'*N02 + Zu = Zn(C*Il'K))^ + N‘0^ 

Sodium acts but slowly at first on nmyl nitrite, but the reaction quickly becomes 
violent and sometimes explosive ; if the liquiil be sufficiently diluted with ether, the 
action goes on more quickly, with evolution of nearly pure nitrogen if the sodium is in 
CXCCS.S, chiefly of nitrogen monoxide in the contrary case, and formation of amylateand 
oxide of sodium, but only a small quantity of nitrite : 


and 


2C=‘H'’NO» + 3Na^ = 2CTI‘'NaO + 2Na20 + 
2C'H"NO^ + 2Na2 ^ 2CTl”NaO + Nn*0 + NO 


(Chapman a. Smith, Chem. Soc. J. [2] v. .'■>76). 

]i(rmtO«COM[POXrNri>S. On the formation ami general properties of organic 
compounds formed from others by substitution of NO-' for 11, see Engelhartit a. 
l.ivtschinoff (-ZctV^cAr./. Chc??i. [2] vi. 225). 

xrZXROOfiXSr OXZSSS. Monoxide. N‘0. — Acconling to R. Weber (Jicrl. 
A/c<td. Her. 1866, 688 ; Jahresh. 1868, p. 110), both nitrous and nitric acids are reduced 
to nitrogen monoxide by the action of sulphurous acid. The monoxide is also pro- 
duced, though very slowly, by the action of sulphurous acid on the dioxide, as formerly 
observed by Pelouze. Nitrogen monoxide is sometimes formed in sulphuric acid 
chambers, giving rise to loss of nitric acid and disturbance of the process. It is formed 
chiefly from the nitrous acid (and to a less extent from the nitric acid) when this acid 
is in contact with excess of sulphurous acid and a largo quantity of water. This 
reduction may therefore bo avoided by the int.roduct.ion of a sufficient quantity of nitric 
acid, and by having a certain qibantity of dilute sulphuric acid (which also interferes 
with the reduction) constantly present in the chamber. 

Saits of Nitrogen Monoxide, or HyponitrUes, are formed by the action of sodium- 
amalgam on the nitrates of the alkali-metals. The sodium salt is alkaline to test- 
paper, and gives with silver nitrate a yellow precipitate having the composition NOAg 
(Divers, Proc. Hoy. Soc. xix. 426; Chem, Soc. J. [2] ix. 484). 

Dioxide. NO or N*0’. — According to Chapman {Chem, Soc. J. ^2] v. 166), this 
oxide is slowly reduced by concentrated hydriodic acid, with formation of ammonia 
and separation of iodine. It is oxidised by permanganates to nitric acid, with sepa- 
riition of manganese dioxide if the solution is neutral. The trioxide and totroxido are 
oxiclised to nitric acid in the same manner, but the monoxide is not attacked. 

Trioxide, N*0*. — On the action of water on this compound and on nitrous acid, 
see Fr4my (Compt. rend, ix, 61 ; Zeiiachr.f. Chem. [2] vi. 138). 

NO* 

Tetr oxide. NO* or N*0’ — I Deville a. Troost {Compt. rend. Ixiv. 267; 
NO* 

Jahresh, 1867, p. 177) have determined the vapour-density of'this compound by Dumas' 
process for temperatures above its boiling point. To obtain a series of deteipninations for 
increasing temperatures, the water-bath, or oil-bath for tem^ratures above 100®, was 
heated by a gas-flame 6® to 10® higher in each experiment than in the preceding ; the 
glass globe of the capacity of 84*68 cub. cent, was immersed in the bath with its point 
still unbroken ; kept in it about half an hour at a uniform temperature ; then opened 
carefully and without loss ; sealed again after the escape gas had ceased; then 
weighed, ficc, The results of the experiments are in the following table, in 

which P denotes the weight of the vapour containiw in the globe at the variable 
temperature t^K the expansion-coefficient of the glass ; ^ the expansion-cwBfl^ent 

of nitrogen tetroadde between two successive values of f, and therefore the 

volume occupied by 1 gram of vapour at f® ; D denotes the density calculated on the 
assumption that nitrogen tetroxioe is a perfect gas, so that ^ ■■ 0*00367, the normal 
coefficient of expansion, and that the density varies with the pressure aocordiog to 
hfarioUe's law : 
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VapouT^density of Nitrogen tetroMde. 


t 

D 

P 

vCl+ito 

P 

100/3 

26*7° 

2*65 

2*604 

320*36 

— 

35*4 

2*53 

2*419 

345*12 

0*888 

39*8 

2*46 

2*358 

360*42 

1-008 

49*6 

2*27 

2*108 

403*33 

1-215 

60*2 

2*08 

1*870 

454*95 

1*207 

70*0 

1 1*92 

1*688 

! 505*85 

1137 

80*6 

1*80 

1*530 

556*37 

0-946 

90*0 

1*72 

1*426 

597*22 

0-781 

1001 

1*68 

1*354 

629*23 

0*531 

111*3 

1*65 

1*291 

660*29 

0*441 

121*5 

1*62 

1*240 

688*74 

0*422 

135 0 

1*60 

1*180 

723-87 

0*378 

154*0 

183*2 

1*58 

1*57 

1*118 

1*037 

764*40 

824*77 

0*367 


The coefficient /8 exhibits a maximum value at the temperature of 40°, and does not 
become constant till the temperature rises above 100°. 

The nitrogen tetroxido with which the preceding experiments were made was 
prepared by direct combination of the dioxide with pure oxygon. It solidified con- 
stantly at — 10°, but when once fused remained liquid even at --21*3°. The yellow 
colour of the liquid and vapour becomes darker as the temperature rises ; at 22° the 
gas is reddish, and at 183° rather black than red. 

Beville a. Troost infer from their experiments that the vapour-density of nitrogen 
tetroxide is constant and equal to 1*589, and therefore that the quantity represented 
by the formula NO* occupies 2 volumes (= IP). 

Salet, on the other hand (Compt. rend. Ixvii. 488 ; Jahresh. 1868, p. 177), adduces 
an experimental argument in favour of the view that at comparatively low tempera- 
tures the quantity of the vapour of nitrogen tetroxide contained in two volumes is 
N*OS and that as the temperature rises, the compound is more and more resolved into 
two molecules, NO*, each occupying two volumes. Firstly, from the relations 


a + 5 = D ; 
a = 46 - D; 


a 
23 
h ^ 



2D - 46 


(in which D is the density of the mixed vapour referred to hydrogen as 
unity, a and h the quantities by weight of NO* and N*0* contained in it, 23 the 
theoretical density of NO*, 46 that of N*0*), he calculates, from the vapour- 
densities determined by Deville and Troost, the amount of dissociation at the various 

observed temperatures, according to the formula which expresses the weight of NO* 

contained in the unit of vapour. Secondly, assuming that the vapour of N*0* is 
colourless, and that of NO* coloured, he calculates the lengths which a column of the 
vapour at 26*7° must have in order to exhibit a depth of colour equal to that of a 
column of constant length regarded as unity at the temperatures given in the following 
table. On the other hand, having ascertained that a short hot column and a longer 
cold column of the vapour, which exhibit equal depths of colour, also exhibit similar 
absorption -spectra, he determines the required lengths of the columns by a peculiar 
mode of observation. The near agreement of the experimental results thus obtained 
with theory is exhibited in the following table, in which the column headed * Calculated 

lengths * contains the values obtained by the formula x ^ ^ ^ 

® D 3*1214 X 20*26 

denoting the weight of the unit of volume at 1°): 
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Temperature 


26-7° 
35-4 
39-8 
49*6 
60-2 
700 
80-6 
900 
100*1 
111*3 
121-5 
135-0 
154-0 
200*0 
225-0 
250-0 
275 0 
300-0 


-Weight P of a litre 
of vapour 


81214 

2-8975 

2 7745 

2-4793 

2-1980 

1*9768 

1-7973 

1-6744 

1-5892 

1-5141 

1-4510 

1-3814 

1-3082 


20-26 p. c. 
25-8 
29*6 
40-5 
63*3 
66-1 
76*9 
85-1 
89-7 

93*3 
96 T> 

99*1 

101*7* 


B 

Lengths of Column 


calculated 


1 

1-182 

1-299 

1*588 

1- 852 

2- 066 
2-185 
2-253 

2- 254 

3- 234 
2-218 
2- 165 
2-104 
1-9 
1-8 
1-7 
1-6 
1-56 


observed 


1 

1*18 

1*28 

1*28 

1- 9 
19 

2 - 2 
2-3 
2‘8 
2-25 
2-24 
2-20 
212 
1-06 
1*96 
1-95 
1-6 
1-62 


ssci" • 

'"f rirSr «. s* 

calculations are based upon the _ p) 

^ (rt-l)D ’ T ' t* -n 

in which is the theorotied a^hfnSSf 

y the nZber of parU per cent, of the dis soc.utod compoun d. 


Temperature 


26*7® 

35*4 

39*8 

49-6 

60-2 

70*0 

80*6 

90*0 

100-1 

111*3 

121*6 

136*0 

164*0 

183*2 


-Vapour-density of 

Nitrogen tetroxido 


Pcrcontagofl 
of Pccom position 


2-65 
2-53 
2-46 
2 27 
2‘08 
1*92 
1*80 
1*72 
1-68 
1*66 
1*62 
1*60 
1*68 
1*67 


19*96 

25-65 

29-23 

40-04 

62-84 

65-67 

76-61 

84-83 

89-23 

92-67 

96-23 

98*69 


Iiicroaso per. cent, of 
docoTniKjBltlon for 

temperature in- 
tervals of 10® 


6*6 
8*1 
11*0 
12*1 
13 0 
10*4 
8*8 
4*4 
8*1 
8*6 
18 


eo^rnt":Sredifl>e“u1^^^ 

the Tspoor gi»du»ny increasing with the umperatu 

. Corrwi«ndlng to tbo wmewhot too low dourity obKtvrf. 
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OTTROSO-COMPOUNDS— NUTRITION. 


On the spectra of the vapours of nitrogen trioxide and tetroxide, see Luck {Zeitschr 
f. Chem. [2] vi. 287). 

Pen toxide or Nitric Anhydride, — This oxide is most readily prepared 

by passing the vapour of nitryl chloride, NO^Cl, over well-dried silver nitrate heated 
to 60°-70°, and condensing the product by a freezing mixture. The anhydride then 
collects in colourless prismatic or needle-shaped crystals having exactly the properties 
described by Deville (Odet a. Vignon, Compt. rend, Ixix. 1142 ; Zeitsekr. f, Che 7 n, 121 
vi. 81). ^ 

XrZTROSO-COMPOVM'DS. The formation of these compounds by the action 
of nitrous acid on azotised bodies appears to depend essentially on the presence of the 
imidogen group NH in the latter, the reaction consisting in an interchange between 
the group NO of the nitrous acid and the H of the imidogen ; thus : 

R.NH + NO. OH = HOH -f- RN.NO 
(Baeyer, Z^itschr, f. Chem. [2] vi. 21f5). 

XrZTRYXi CBXiORZX>£« NO^Cl, is produced by the action of phosphoruB 
oxychloride on lead nitmte, or better on silver nitrate. It is a liquid having a faint 
yellow colour, boiling at + remaining liquid at —-31°, and converted by water into 
nitric and hydrochloric acids (Odet a. Vignon). 

M’drAirB or xroxrirx. H'S’SRZSS, is produced by heating cumoiic, 

with 80 pts. of saturated aqueous hydriodic acid (Berthelot) ; also, according 
to H. Vohl {jahresb. 1866, p. 841), when tetradecane, is passed through red- 

hot wrought-iron tubes. 

V OnnrZaEPrSf is found, among the hydrocarbons produced by decomposi- 

tion of the lime-soap of Menhaden oil (p. 814). Boiling point, 253° (Warrens. 
Storer). 

XnrCXTilStnNrZKr or IVXl'OJlTiLISnNrZC ACZ1>. A peculiar tannin occurring in 
the episperm of walnuts. It dissolves in winter and alcohol, is precipitated by basic 
lead acetate, and is resolved by dilute acids into sugar and a red acid substance, rnfic 
acid, soluble in ammonia and in alcohol. The nucitannin is likewise accompanied by 
considerable quantities of gallic and ellagic acids, which greatly impede its purification. 
Rujic acid is a brown-rod amorphous substance easily soluble in alcohol, forming 
soluble salts with the alkali -metals, insoluble or slightly soluble coloured salts 
with calcium, lead, and silver (Phipson, Chem, News, xx. 116). 

irUTRZTZOfr. Frankland {Phil, Mag. [4] xxxii. 182 ; Chem. See. J. [2] vi. 33) 
has determined the heat of combustion of muscular substance, urea, and other sub- 
stances which play an essential part in the transformation of tissue in the animal body, 
by burning them with a mixture of potassium chlorate and manganese dioxide. The 
mean results are as follows : 



developed by combustion 

1 gram of substance dried at 100° 

t 

Heat-unita 

Corresponding 
units of force : 
Hetre-kfiograms 

Beef-muscle, purified by repeated wash- 
ing with ether ..... 

6103 

— 

Purified albumin . • • . . 

4998 


Beef-fat 

9069 


Hippuric acid 

5383 

2280 

Uric acid ...... 

2616 

1108 

Urea ....... 

2206 

934 


Dried muscle and albumin, in passing through the organism, yield about a third of 
their weight of urea. Hei^Je it may be calculated that these substances, when oxidised 
in the anzmal body, yield the following amounts of heat and force : 

Metre- 

Heat-units kHograms 

Beef-muscla «... 4368 • 1848 

Albumin . . • • . 4263 . 1803 

Frankland has also determined the quantities of heat produced by the combustSoa 
of various articles of food with potassium chlorate. TI<6 following table gives tbs 
mean values in heat-units for 1 gram of the undriod substances, together with tbs 
mechiinical equivalents in metre-kilograms : 
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1 gram of undriod enbetanoe 

Water 

p.c. 

Cheshire cheese . 

24 

Potatoes . • , . 

73 

Apples .... 

82 

Oatmeal • < . . 

— 

Wheat-flour 

— 

Poa-raeal ... * 



Ground rice ; 

— 

Arrowroot .... 



Bread-crumb 

44 

Bread-crust 


Beef (lean) .... 

70-5 

Veal 

70-9 

Ham (boiled) 

51 4 

Mackerel .... 

70 5 

Whiting .... 

800 

White of egg 

86 3 

Hard-boiled egg . 

62-3 

Yolk of egg 

47 

Milk 

87 

Carrots .... 

86 

Cabbage .... 

88-5 

Cocoa-nibs .... 

— 

Butter .... 

— 

Cod-llrer oil . . . 

— 

Lump-sugar 

— 

Commercial grape-sugar 

— 

Bass's ale (alcohol reckoned) 

88-4 

Guinness’s stout . 

88-4 


Develops when burnt In oxygen 

When oxidised 
in the autmal 


N 

body. 

Hcat-nnits 

Met-kil. of force 

Mct-kil. of force 

4647 

1969 

1846 

1013 

429 

422 

660 

280 

273 

4004 

1696 

1665 

3936 

1669 

3 627 

3936 

1667 

1598 

3813 

1615 

1591 

3912 

1667 

1657 

2231 

915 

910 

4459 

1888 

— 

1567 

664 

604 

1314 

556 

496 

1980 

839 

711 

1789 

758 

335 

904 

383 



671 

284 

244 

2383 

1009 

966 

3123 

1449 

1400 

662 

280 

266 

627 

223 

220 

434 

184 

178 

6873 

2911 

2902 

9069 

3841 

7264 

3077 

9107 

3857 

3348 

1418 

3277 

1388 

775 

328 

1076 

455 


The question as to how far the production of muscular force depends on the oxida- 
tion of nitrogenous materials, has been examined oxporiraontally by Fick a. Wislicenus 
{Phil. Mag. [4] xxxi. 485). These observers estimated the quantities of albuminous 
substances oxidised in their own bodies, on a purely non -nitrogenous diet, both at rest 
and during muscular exertion (in an ascent of the Faulhorn), taking as a measure of 
this oxidation the amount of nitrogen excreted in the urine. These amounts were 
as follows : (a) During 1 1 hrs. 50' rest, previous to the ascent ; (6) during the ascent, 
8 hrs. 10'; (t?) during 5 hrs. 40' rest after the a8ccnt;*(d) during the following 11 hre, 
(night) after a full meat diet. The numbers mark^ I. give the results for Fick 
(weighing 66 kilograms) ; those marked II. for Wislicenus (76 kilograms) : 



TTrce 

Amount of 
nitrogen in the 
urea 

Amount of Nitrogen 
in the Urine 

Oorresponding 
quantity of 
albomiiK6ds 
oxidised « 

' Total 

r 

Total 

Per hour 


12*4820 

5*8249 

6*9163 

063 

46*1020 

•III. 

11*7614 

5*4887 

6*6841 

0*61 

44*5607 

Ali- 

7*6330 

3*2681 

33130 

0*41 

22*0867 

kin 

6*6973 

3*1254 

3*1336 

0*39 

20*8907 


6*1718 

2*4151 

2*4293 

0*40 

16*1958 

in. 

5*1020 

2*3809 

2*4165 

0*40 

16*1100 

jii. 



4*3167 

0*45 

82*1113 

“la 



5*3462 

0*61 

85*6418 

. (L 



6*7482 


87*1700 

*■*■"111. 



5*5501 


87*0007 


* on tbe aaumptiou that albuminoiids contidn 19 p. c, N. 
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& quantities of albuminoids oxidised during the ascent of the mountain (1956 
high) were therefore : I. 37‘17 grms., and II. 37*0 grms. Comparing 
these nun^ers with Frankland’s estimate of the amount of force generated by the 
:< 3 ^idation of 1 gram of albumin, wo obtain, for I. 68,690 metre-kilograms, for II. 
*^8,376 metro-kilograms of force generated during the ascent by the oxidation of albu- 
minous substances in the body. 

Further, Fick and Wislicenus conclude — from calculations for which we must refer 
to their memoir — that the work expended in raising the body through the height of 
1956 metres, and in the action of the heart and respiratory organs during the same 
time (neglecting that expended in other bodily movements), was for I. 159,637, and 
for II. 184,287 metre-kilograms. Since, however, of the total energy generated 
in a given time by the process of oxidation in the organism, only a fraction is expended 
in mechanical force — this fraction, according to Haidenhaiii, not exceeding one-half in 
the most favourable case — these values must be doubled in order to obtain the total 
amount of energy developed by the oxidising process. We have then as the final 
result : 

I. II. 

Metre- Metre- 

kilograms. kilograms. 

Maximum expenditure of force during the ascent . . . 319,274 368,574 

Maximum of force generated by oxidation of inusculiir substance 68,690 68,376 

Hence it appears that tlio force generated by the oxidation of muscle amounts to only 
a fifth of that required for the work actually porfornietl, and consequently that tlio 
greater part of the muscular force is generated by the non-azotised constituents (fats, 
carbohydrates) of the animal body (or of the food). A certain quantity of the miisrular 
substance is however oxidised at the same time, and this oxidation gives rise to tlio 
nitrogenous constituents of the urine. Those views afford an explanation of the fact 
that during muscular exertion the amount of carbonic acid eliminated is enormously 
increased, whereas the quantity of nitrogen in the urine exhibits little or no increaso 
(see table, p. 875) ; also of the necessity for a complicated digestive apparatus in tlm 
herbivora, to effect the transformation of the greatest possible quantity of celluloso 
(Fick a. Wislicenus), 

Nitrogenous food servos chiefly for the renewal of the muscular substance, although 
it may also contribute to the development of muscular and nervous power. Tlio 
muscle may be regarded as a mechanism for converting latent energy into mechanical 
force, and this force is produced mainly by the oxidation of substances introduced 
into the blood, not by that of the muscle itself : its production is necessarily 
accompanied by development of heat, and this is perhaps the only source of animal 
heat. The muscle, like every other part of the body, is continually renewed, but this 
renewal does not stand in any direct relation to its function, inasmuch as it is not 
perceptibly greater during strong exertion than during comparative rest (Frankland). 

The connection between the elimination of nitrogen and the development of 
muscular energy has also been made the subject of an extended series of experiments 
by Dr. Parkes (Proc. Hoy. JSoc, xv. 339 ; xvi. 44), the mean results of which are as 
follows: 1. With a regular 'addition of nitrogen in the food, the nitrogenous 
excretion increases slightly during rest ap compared with a period of ordinary 
exorcise. — 2. The urinary nitrogenous excretion decreases during active exercise as 
compared with a period of rest, and this decrease is perceptible both when the ingress 
of nitrogen is stopped, as well as when the nitrogen is supplied in regular amount. — 
3. After exercise there is an excess, though not great, in the nitre^enous excretion. — 
4. Nitrogen, when again supplied after having boon cut off, is retained in the system 
after both rest and exercise, and in greatest amount in the latter case, showing that 
it is needed in the system, and that an insufficient supply must be subsequently 
compensated. 

From these results Parkes concludes that the muscle during its activity takes up 
nitrogen, and that, parallel with the assimilation of nitrogen, and as a consequence of 
it, the decomposition of the non -nitrogenous substance surrounding the muscular 
tissue takes place, which, according to Fick and Wislicenus, is the source of the 
muscular energy. In the subsequent period of rest, the products of metamorphosis 
are removed, and the muscle at the same time loses nitrogen. Nitrogen is therefore 
necessary to the activity of the muscle, and in greater quantity in proportion to the 
increase of work ; and even if severe labour can sometimes be performed on a non- 
nitrogonous diet, it is possible only for a short time, and at the expense of the 
nitrogenous constituents of other parts of the body. 

Pettenkofer a. Voit (Zeitschr. f. Bioloyie, ii. 566 ; Chem. C&ntr, 1867, p« 779 ; 
Jahre^h. 1867, p. 790) also regard the assumption that muscular power is developed 
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by the combustion of the non-azotised constituents of foot!, and tliat the excretion of 
urea is merely a consequence of a constant conmimption of the muscles, as inooil^t, 
especially because tliis consumption docs not increase during exercise. 'Ifhey regard 
it as more probable that the storing up of albumin in the body, and the eondemwtion 
of oxygen thereby, forms a reservoir for the muscular power, which can be drawn up6ii 
at pleasure (perhaps by elimination of oxj-gen and formation of carbonic acid and wtvter 
from fat). The accumuhitiou of disposible or potential energy takes place therefore 
but slowly, and by no means in proportion to the quantity of the piHxlucts of com- 
bustion which are formed in the course of 21 hours. Before the elimination of carbonic 
acid can be increased in proportion to a more ahundant supply of food, a larger quantity 
of oxygen must also be taken up, and this increastMl faculty of absorbing oxygen is but 
slowly acquired by the oi^anism. llonco persons who have been badly nourished 
may live on a generous diet for a consulorablc time before they recover their full 
normal muscular power; and to patients sntfering from diabetes or leuklucmia (in 
whom the power of absorbing oxygen is defective), stiong mnscnlar exertion is 
impossible, in spite of the most abundant nutrimont. See further the experiments of 
Petteiikofer a. Voit {Ann. Ck. P/iarm. exli. 20/>; Sifcun^shcr. d. Baycrisaien Ahid. d. 
Wissnisch. 1867, 1; ZciMir. f, Chem. [2] iii. 30; Phil, May. [4] xxxiv. 80; 
Jahresb. 1866, p. 723 ; 1867, p. 781). 


o 


OBXBGtrXir* A substance intermwliato in character between tlio fats and rosins, 
occurring in Mexico on the twigs of Alvea rosea. It is nearly insoluble in alcohol, 
easily soluble in ether, chloroform, and turpentine oil, ami remains, on evaporating its 
solutions, as a colourless inodorous mass, having the consi.stenco of turpentine, and 
saponifiable by alkalis. 

OCTAKTS. C"!!'*. — This hydrocarbon is one of the constituents of American 
petroleum. It is prcaluced by the action of zinc and hydrikchloric acid «in secondary 
octyl iodide (Sohorlemmer, Proc. Roy. Soc. xvi. 329) ; by that of sodium -amalgam ou 
primary octyl iodide (Zincko, p. 878) ; and, together with otliers of the same series, by 
heating phtlialic acid, iiuligo blue, (J*‘JPNO, and acenaphthone, with 

80 pts. of saturato<l aqueous liydriislic aci<l (Berthelot, pp. 3, 728, 741) ; by the dry 
distillation of the lime-soap of Menhaden oil; and, accf>rding U> Voh] {Jo knsb. 1865, 
p. 841), by passing the vapour of tridccane, through a rod-hot iron tube. 

The isomeric modifications of octnne have not yet been very completely inves- 
tigated. Schorlommer {Proc, Roy. Soc. xvi, 370), from a comparison of the lK>iling 
point (124°) of octATie obtained from secondary rxjtyl alcohol with those of quin tano 
(amyl hydride), hexane (ethyl -butyl), and heptane (ethyl-amyl), C’ll'*, 

infers that it has one of it^ curbon-atf>ms a8S<x;iatod directly with three others— in 
other words, that it contains the radicle isopropyl — and is represented by the formula 

n»c— cir^-CH*— cii»— CTP—CH 


(see HvDnocABBONS, p. 709). From the experiments of Zincke (Ann. CA, Pharm. 
clii. 16), it appears that octane prepared from primary octyl iodide has very nearly the 
same boiling point and sj^ecific gravity as that obtained frf)m the sec^^ndary octyl 
iodide ; and recent experiments by Schorleminor {ibid. clii. 153) liavo shown that tha 
octane from secondary octyl iodide and that obtjiin^ from petroleum yield, by con- 
version into octyl chloride and acetate, and saponification of the latter, l^th a primniy 
nnd a secondary octyl alcohol ; hence it seems probable that those hydrocarbons aro 
themselves mixtures of two isomeric compounds; in fact, the octane from petroleum 
may be separated by long-continued fractional distillation into two nyarocarbons, 
one boiling at 1 19°-122°, the other at 122°-125° 

OCTTB or is produced, together with octane, when prii^ry 

octyl iodide is heated with sodium-amalgam, and the prcsluct is subsequently rosined 
over sodium ; it is easily separated from the octane by its higher bfuling point, and 
may be purified by dissolving it in a small quantity pf other-alcohol, and Cf^ling Im 
solution by a freezing mixture, whereupon it sol jdift^ to a crystalbae 
after the liquid has been quickly filtered oft m the cold, most he warned wiwl 
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vell-cooled alcohol and repeatedly pressed. It then forms white lamins having a strong 
nacreous lustre, soluble in hot absolute alcohol or in ether, and separating from either 
solution in well-defined crystals. Hot concentrated alcoholic solutions become turbid 
on cooling, yielding drops of oil which afterwards solidify. Octyl melts at 21° and 
boils constantly at 278° (Zincke). 

OeWK AXiCOBOXiS and BTBBBS. Trimary Octyl Alcohol, or Hep- 
tylcarbinol, and the corresponding acetate, C’H**.CH*0O*H*0, 

are contained in the volatile oil obtained from the seeds of the cow-parsnep {Heracleum 
Spondylium), The comparatively small portion of this oil which boils between 190° 
and 196'^ consists mainly of the alcohol ; but by far the greater portion passes over 
between 200® and 212°, and this by continued fractionation, yields primary octyl 
acetate, boiling between 206® and 208°. This compound is insoluble in 

water, easily soluble in alcohol and ether, and has a sp. gr. of 0*8717 at 16®. Heated 
with alcoholic potash, it yields potassium acetate, and an oil which floats on the 
surface and distils completely between 185° and 196°. To obtain the whole of it, 
the alkaline liquid is mixed with common salt, and the separated oil is washed there- 
with, then dri^ with fresh quick lime, and distilled. 

The colourless oily liquid thus obtained is primary octyl alcohol. It has a 
sp. of 0*830 at 16°, boils between 190® and 192®, is nearly insoluble in water, 
miscible with alcohol and ethers, has a peculiar pungent aromatic odour, and tastes 
sweetish at first, afterwards burning and sharp (Zincke, Ann, Ch. Pharm. clii. 1). 

By boiling for some hours with potassium dichromate and dilute sulphuric acid, this 
alcohol is converted into an acid, C'*H*®0*, melting at 16° to 17°, and isomeric or 
identical wdth the caprylic acid of natural fats, together with the corresponding 
octy lie ether, C®H"'. C®H**0'^. This reaction shows it to be a primary alcohol ; and 
from the boiling point of the octane derived from it (p. 897), it appears to be an 
iso-alcohol, that is to say, to contain the radicle isopropyl. The structural formulae of 
the alcohol, and of the caprylic acid derived from it, are accordingly : 

I CH»CH*CH*CH«OH | | CH«CH*CH*CH«CH | 

Alcohol. Acid. 


If the alcohol were a normal alcohol, the octane derived from it should boil, if 
Schorlemmer’s views are correct, at 131*5°. (See Hydrocabbons, p. 709.) The boiling 
points of the alcohol and its derivative are (like those of primary alcohols and ethers 
ih general) considerably higher than those of the corresponding secondary octylic 
compounds derived from castor-oil alcohol (Zincke, Ann. Oh. Pharm. clii. 1). 

Primary octyl alcohols are likewise obtained from octane by converting that hydro- 
carbon into octyl chloride, then into acetate, and saponifying the latter with alcoholic 
potash; secondary alcohols are however formed at the same time. The primary 
alcohol thus obtained from octane prepared from secondary octyl iodide, yields by 
oxidation with chromic acid mixture, an acid having the composition C^H^^O*, but 
differing both from the caprylic acid of natural fats, and from that obtained by 
oxidation of the octylic alcohol of Heracleum oil, inasmuch as when floating on 
water it remains liquid when cooled to 0® : hence the primary octyl alcohol from this 
variety of octane appears to be different frflm that of Heracleum oil. Octane from 
petroleum likewise yields a primary alcohol convertible by oxidation into an acid, 
C*H*®0* ; but the quantity obtained was too small for the determination of its physical 
properties (Schorlemmer, iMd. clii. 152). 

Primary Octyl Chloride, C*H”C1 = C^H**.CH®C1, is best prepared by saturating 
the alcohol from Heracleum oil at a low temperature with hydrochloric acid gas, 
heating for some time to 120°, and converting the small portion of the alcohol which 
then remains undecomposed, with phosphorus chloride. The bromide and iodide are 
obtained by treating the alcohol with bromine or iodine and red phosphorus. These 
three ethers are colourless liquids, insoluble in water, sparingly soluble in weak 
spirit, easily soluble in absolute alcohol and ether. Their boiling points and specific 
gravities are as follows : 


Chloride, C»H*'C1 
Bromide, C*H'’Br 
Iodide, OH>'I 


Boiling i>olnt 
179*6°-180'6° . 
198°-200° . 

220 °- 222 ° . 


Bp. gr. 

0*8802 at 16° 
1*1116 „ 
1*1338 „ 


The primary octyl ethers of the fatty acids are colourless oily liquids, insoluble in 
water, soluble in alcohol and ether, and exhibiting an average difference of 15^ iA 
boiling point for each difference of CH* : 
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tho caprylate was 
ut© by Iieatin#? the 


Boiling point 8p. gr. 

Acetate* OH*^.C*H*0* . . 206° to 208® . , 08717 at 16® 

Valerate, . . 249° „ 261® . . 0*8642 „ 

Ceproate, . . 268° „ 271° . . — 

Caprylate, . . 297"* „ 299° . . 0*8626 „ 

The acetate and caproato exist ready-formed in Ilfracleum oil ; tho caprylat© was 
obtained by oxidising the alcohol with chromic acid ; the valerate by heating the 
bromide in sealed tubes with potassium valerate (Ziiieke), 

Stcondary Octyl Alcohols, — Tho eight-carbon alcohol obUiinod from castor-oil 
(iv. 170) is converted by oxidation with cluoinic acid mixture into a ketone, namelv 

( CH» 

methyl-cenanthol or methyl-hexyl ketone, C \ which, by further oxidation, 

yields acetic and caproic acids: hence this alcohol consists ofmethvl-hexvl 
fCH» 

carbinol, C- jj . Further, by converting it into tho corresponding iodide, and 

(oh 

treating this iodide with zinc and hydrochloric acid in a flask surrounded with cold 
water, octane, is obtained as an oily liquid, which when freed from adhering 

traces of iodide and alcohol by treatment with nitric and sulphuric acids, boils at 
124°. This hydrocarbon is inferred, from considerations already atlducod, to contain 
the radicle isopropyl (p. 799), and accordingly tlie alcohol from which it is produced 

rCH* 


is regarded as constituted according to tho formula 


CH’CH’CU’CH(CH»)' 

OH 


(Schorlemmer, Proc. Roy. Soc. xvi. 376). 

The same alcohol is obtained, together with a very small (juantity of the primary 
alcohol, from the octane of Ainericiin petroleum. This liquid treated with chlorine 
yields an octyl chloride, CH’^Cl, having an odour of oranges, and boiling at 173° to 
176°; the latter heated to 200° with strong acetic acid and ^Ritassium acetate, is 
converted into octylene, together with a comparatively small quantity of octyl acetate, a 
liquid having an odour of pears and boiling at 200®-206° ; and by lieating this acetate 
with alcoholic potash-solution, treating the resulting liquid with water, washing tho 
oily liquid thereby separatcii several times with water, and drying it over fused 
potash, an octyl alcohol is oblai»ic<l boiling at 180°~182®, having exactly the same 
odour as the castor-oil alcohol, and yielding by oxidation (together with a little 
caprylic acid) tho same products of oxidation ns the latter. 

Another secondary octyl alcohol is obtained, togetlier with a larger proportion of 
the primary alcohol, by a similar series of operations on the octane produced by 
reduction of the secondary octyl i<xlide corresponding to castor-oil alcohol (p. 877). 
This octane yields a chloride luiving but a slight odour of oranges, boiling at 
174°-176®, and likewise converted by heating with alcoholic potash into octylene and 
octyl acetate ; but these two products are formed in about equal quantities, whereas 
the octyl chloride from petroleuiu octane yields about three times as mucli octylene 
as octyl acetate. Tho acetate thus obtained has also an odour of pears, and boils at 
ld8°-202°. The alcohol prepared from it by heating with alcfmolic potash boils 
between 180° and 190°, the greater portion between 182° and 186°. It smells very 
much like methyl-hexyl Ciirbinol, and likewise yields, by oxidation with chromic 
acid mixture, an acid, isomeric with caprylic acid, and a ketone isomeric 

with methyl-cenanthol ; but this ketone yields by further oxidation, propionic and 
valeric acids, without a trace of acetic : hence it consists of ©thyl-caj^royl or ethyl- 

amyl ketone, C J C^H", and the alcohol which yields it is ethyl-amyl carbinol, 

I 0 

fC*H‘ 

C j (Schorlemmer, Ann, Ch, Pharm. cHi. 162). 


A secondary octyl alcohol, perhaps different from both tho preceding, is obUinod 
ttom octylene (De Clermont, Compt. rend. Ixvi. 1211; Ann. Ch. Pharm. cxlix. 08^, 
This hy£«x»Lrbo]i heated tn a sealed tube with saturated aqueous ^driodic acid m 
converted into ueondary octyl iodide, or octylene hydriodide, CHI'* -HI ; the latter ie 
decomposed at or^nary temperatures 1^ silver acetate, yielding a secondary od^ 
9ceUtU or octylmu monoaeetaie, C*JBP*.HC*H*0*, together with octylene and acetie 



880 


OCTYL ALCOHOLS AND ET^ERS. 


acid ; and the acetate distilled with finely pulverised potassium hydrate, yields the 
secondaiy octyl alcohol, which for distinction may be provisioflally calM octyl ene 
hydrate. 

This alcohol, C"H*®0 or is, after rectification, a colourless, mobile 

liquid, which does not stain paper, has an aromatic odour, and a burning persistent 
taste, is insoluble in water, but soluble in alcohol and ether ; burns with a luminous 
fiame. Boils at 174°-178° (lower than either of the preceding modifications) ; has a 
sp. gr. of 0'811 at 0° and 0*793 at 23°. It is not decomposed by heating to 280° for 
twenty hours. By oxidation with chromic ac'd mixture at the boiling heat it is 
converted, partly into methyl-oenanthol, partly by further oxidation into acetic and 
caproic acids. It yields, therefore, the same oxidation-products as octyl alcohol from 
castor-oil, and must therefore consist, like the latter, of methyl-hexyl carbinol ; but its 
boiling point, and those of the corresponding ethers, so far as they have been 
examined, are lower than those of the castor-oil alcohol and its compound ethers ; it 
is probable therefore that the hexyl radicles in the two alcohols are differently 
constituted (De Clermont, Bull. Soc. Ckim. [2] xii. 212). 

Octylene hydriodide^ obtained by heating octylene or the alcohol with saturated 
hydriodic acid, has a sp. gr. of 1*314 at 21°, and boils at 120° (the iodide from 
castor-oil alcohol at 193° according to Squire, 210° according to Bouis). The hydro- 
bromide boils at a lower temperature. The acetate has a sp. gr. of 0*822 at 0° and 
0*803 at 26°, and boils at about 176° (that from the castor-oil alcohol at 193° 
Bouis). 


Tertiary Octyl Alcohol or Propyl-diethyl Carhinol, C 


OH 


produced by treating butyryl chloride, C*n^COCl, witli zinc-ethyl, leaving the product 
for several days till it becomes viscid, then heating it in the water-bath, acidulating 
with hydrochloric acid, and distilling. The tertiary alcohol then passes over, and 
after being freed from an admixed ketone by agitation with sodium bisulphite, may 
bo purified by distillation over ignited potassium carbonate. Its formation is repre- 
sented by the equations : 

f C»H’ 

C^H’COCl + Zn(C*H»)« = ZuO + cJ(C*H*)* 

i Cl 

Butyryl Propyl-diethyl 

chloride. cbloromethane. 


f 

CJ(C*H'‘)« + HOII 
I Cl 

Propyl-diethyl 

chloromethane. 


C»H^ 

C-j(C^H*)a 


= HCl 4- c|( 

( OH 

Propyl-diethyl 


carbinol. 


This alcohol is similar in its properties to the tertiary butyl and hexyl alcohols 
(pp. 374, 698), being a somewhat viscid liquid, lighter than water, and slightly 
soluble therein ; it has an alcoholic and campliorous odour and does not solidify in a 
freezing mixture. With phosphorus pentajhloride it forms an octyl chloride, C*H''C1, 
having a peculiar and unpleasant odour, and boiling at 166°. By oxidation with 
chromic acid mixture it yields propionic and acetic acids (Buttlerow, Biill, Soc. Chim. 
[2] V. 17). 

OCTnaiTB ACBTOCBBOBB'TDltlir. C>*H'»C10’ - C*H'» | 

This compound is produced by direct combination of octylene with aceto-hypochlorous 
anhydride or chlorine acetate, C1C®H*0*, prepared by Schutzenberger’s method (p. 25). 
Hypochlorous anhydride prepared from dry chlorine and mercuric oxide is passed 
into 60 grams of acetic anhydride cooled to a low temperature, till an increase of 
weight amounting to 10 grams has been attained, whereby the liquid is one-fourth 
saturated ; this limit must not be exceeded, for fear of explosion. The mixture is 
added by draps to 14 grams of pure octylene, previously diluted with acetic 
anhydride anoglacial acetic acid, and cooled by a freezing mixture to moderate the 
action. Combination then takes place, attended with rise of temperature, and on 
subsequently adding water, the acetochlorhydrin separates, and may be purified by 
washing with water, drying over calcium <mloride, and rectification. It is a lig^ 
mobile liquid, haying a pleasant aromatic odour and burning taste; soluble in 
alcohol, ether, and acetic acid, insoluble in water ; bums with a bright green-edged 
flame. BoiBng point 226°. Sp.gr. 1*026 at 0°, 1*011 at 18°. Vapour-density 
obs. » 7*32; calc. ~ 7*12. It is not altered by cohobation for seyeral days with 



(EN4,5rrHOL-DREAS-~OLEIC ACID. 881 

caustic pot^^ but when heated to 180° in a sealed tube with potasaium hy<lmto for 
forty houw, it is partially saponified, the product yielding by fractional distillation a 
liquid which boils at 146°, and has nearly the composition of octyl one oxide 
(Do Clermont, Compi. rend. Ixviii. 1323 ; Zeitschr. /. Chem. [2j v. 469). * 

CBKTAJrT'BOXi-'CrSSjft.S. See Uuea. 

OZXiS and X*BTS. For the extraction of oils from scchIs, H. Void J. 

clxxxii. 319 ; Jahresb. 1866, p. 893) rocommonds the light hydrocarbons of Caiuulian 
]>etroleum boiling at about 60° (which ho calls Canadot)^ instead of carbon 
bisulphide. 

On the testing of fixed oils, see Donny, Ihdl. S*)c. d'Enc. 1864, p. 372; Dbiffl. 
)x)L J. clxxiv, 78; 186 1, p. 731 ; -DragrinlorlY, liana. Zfitne/tr. l^arrn. ii. 

434; Jahrvsb. 18G1, p. 734; — NickKV'<, Hull. Sor. Chun. [2] vi. 89; Jahrenh. 1866, 
p. 827 : — Jacobsen, Hull. Soc. Chim. [2] vii. 96 ; dahrmb. p 827. 

A method of determining tho quantity of fatty oil in scikIs, &c., by exhausting the 
subsbince with a volatile solvent, as oilier, biuizciie, or carbon bisulphide, evaporating 
the solvent, and weighing the residual oil, is described by K. lliilTmann {Zeitschr. 
mual. Chem. vii. 368 ; Zeilschr. f. Chem. [2] iv. 630). 

The amount of oil obtainable from various .s<*eds. Fairopoan and exotic, has been 
determined by t’loez (Hull. Chim. [2 j iii. 41-60; Jahrenb. 1866, p. 629), and 

by Munch (A^. Jahrh. Pharm. xxv. 8 ; Jahresb. 186(5, p. 698) ; from seeds of various 
Indian plants by J. J/opino (J. Phar/n. ( 2j xl. 16; , Jahresb. 1861. p. 741). The 
proportion of olein, stearin, and palmitin in the .seeds of various Imliaii plants has 
been determined by Oiulonianns (J. jer. Chem. xeix. 407 ; c. 409; Hull. ISoc. Chim. [2] 
viii. 121 ; Jahresb. 1866, p. 690). 

]\I^5ge-Mouri6s (Compt. rend. Iviii. 861 ; lx. 736 ; Jahresb. 1864, p. 809) describos a 
new method of sajxjniflcation, fouinlod on the properly of fats in (lie slate of 
emulsion (etat glohulaire) to tak<i up soda-ley eonlairdng common salt. .See also Do 
Milly and JiCgraiid, Soc. J Encouragement 1864, xi. 406, 410; Pv<gl. )>ol. J. 

clxxvi. 146, 161 ; Jahresb. 1866, p. 813 ; ~i', Knajvp, Dingl . pol . J . elxxx. 309 ; Jahresb. 
1866, p. 814. 

A detailed account of the methods in use for tho manufacture of fatty acids, with 
an experimental examination of the various stat(oueuts relating to the (leci>ni]^osition 
f>f fats by sulphuric acid, is given by J. Stas (‘Auszug aus oinein Horicht iil^er »lio 
lAnidonor Indiistrie.-Ausstollung von 1862,’ aus Hehu:ci.Trrisch'.‘ 2 >oli/ieehn. Zeitsehri/t, ix. 
138, in IJingl. pol. J. clxxv. 68 ; Jahresb. 1865, }». 846). 

On the saponificiition of fats by liino, se(» If. D. Ihifi’ (Inaugural dissertation 
GoUingen^ 1863; abstr. IJingl. pot. J. clxxiii. 63; Jahresb. 18(54, p. 808). The 
same author (loo. cii.) has given a report on the maiiufae.ture of fatty acids and 
glycerin, and a history of tlic investigat.io/is relating to the clnimical nature of fat.a. 

OBSlsrZTlS, According to E. E. Schmid (Pogg. Ann. exxvi. 148; Jahresb. 1866, 
p. 889), thi.s mineral gives olf two-thirds of its water at 100°, being thereby reduced to 
3(CaO.2SiO0 + 4U-0. 

0Z;BZC A.CZZ>. (Ovcrbeck, J. pr. Chem. xcvii. 169 ; Zeltsrhr.f. Chem. [2] 

i. 509; ii. 186; Jahresb. 1865, p. 32G ; 1866, p. 330). — ‘When 1 mol. broinino is 
grjidually added to cooled oleic acid, oleic di bromide (or dibromosLearic acid), 
(ji*tjp4g^2Q2^ is produced, and may be purified by saponifying it with dilute potash-ley 
(containing not more than 1 mol. K HO to I mol. of the dibromide), dissolving the 
white soap cake in dilute alcjJiol, decomposing it with hydrochloric acid, flissolviug 
the Washed oil in ether, and evaporating, finally over sulj>huric acid. It then remains 
as a yellow syrupy oil, heavier than water, insoluble therein, easily soluble in alcohol 
and ether, and not decomposing till heated above 100°. Its salts are viscid, unctuous, 
or gummy masses. When crude oleic acid which had been altered by exposure Ui the 
air was treated with bromine, a buttery prcxluct was obtained, the solution of whicli in 
a small quantity of alcohol deposited granular crystals having nearly tho composition 
(iv. 194). , . , , 

Monobromo^eic acid, C**H”BrO*, is produced by mixing the dibromide with at l^st 
2 mol. potasaiuzn hydrate in alcoholic solution. The solution decanted from potMsium 
bromide, and considerably diluted with water, deposits a light yellow oil, which when 
left to itself in a vacuum, yields white crystals melting at 36° to 36°, and prol^bljY 
consisting of monobromoleic acid containing a small quantity of stearolic acid. It is 
reduced to oleic acid by sodium-amalgam, j^onobromolev: durromide^ or tribroi^sicarui 
C‘»II»»Br*0», is formed by direct union of bromoleic acid with bromine, as a 
limpid vificid oil, easily soluble in alcohol and ether. Alcoholic potash remcres part 
Hvis. 3 Ii 
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of the bromine at ordinary temperatures, and the whole when heated, forming stcarolic 

acid, ..... j . 

Elaidic dibromide (Burg’s dibromolai’dic acid) is likewise converted into stcarolic 
acid by heating with alcoholic pobish to 180°. 

OXiBOPHOSPBOlEtZO ACZD. Sec Lbcithine (p. 779). 


OXiXVZlf. ■ On the occurrence of this mineral in trap-rocks and other formations, 
see Tschermak {Wien. Akad, Tier, lii. [1] 265; Ivi. [1] 261 ; Jahresh. 1865, p. 923; 
1867, p. 1025). On olivin in meteorites : Daubr6o {Co/njit. rend. Ixii. 200, 369, 666; 
Jahresb. p. 1002). On olivin-rock: Sandberger {Jahrh. Nin. 1866, p. 386; 

Jahresh. 1866, p. 978) and Kjerulf {Jahrb. Nin. 1867, p. 480; Jahresh. 1867, 
p. 1025). 

OPZAMTXC ACZD, C'^H’^O^, is formed, together with other products, by boiling an 
alcoholic solution of narcotine-tri -iodide {Jorgensen, p. 865). 

Opianic acid heated with concentrated hydrochloric or liydriodic acid, is converted, 
with evolution of methyl chloride or iodide, i iito m o t h y 1 - n o r o p i a n i c a c i d, C’'1P0^ 
a compound intermediate between normal opianic acid (see Naucotine) and opianic 
(dimethyl- noropianic) acid : ^ 


Normal 

opianic 

acid. 


Methyl- 

noropianic 

acid. 


Oi)ianic 

(ti i in eth y 1 - M oropi anic ) 
acid. 


Methyl-noropianic acid is monobasic. It dissolves in cold, but more easily in boiling 
water, and crystallises therefrom with 2| mol. w'ater. Like bypogallic acid, it forms 
with ferric chloride a dark blue liquid, which, liowever, on addition of ammonia, 
becomes, not blood-rod, but light red. By dilute nitric acid it is converted into 
nitromethyl-noropianic acid, C‘'lIXNO'‘^)Ob which crystallises with 1 mol. water 
(Matthicssen a. Foster, Chc7n. Soc. J. [2] vi. 357). 

OPZBZC and ZSOPZSrZC ACIDS. — Isomeric acids prodiiccd, 

according t© Liechti y. Chem.\^2,\x\. 196), by the action of hydriodic acid 

upon hemipinic acid : 

2ci<'h>“(f + 4ni = 4cm + c-ipo^ + 

Hemipinic Methyl Oxalic Oiiinic 

acid. iodide. acid. acid. 


The oxalic acid is resolved by the further action of the hydriodic acid into water an<l 
the oxides of carbon. The two isomeric acids crystal liso from the solution, and arc 
easily separated by reerystallisation. Opinic acid crystallises in prisms or tables con- 
taining 3H‘0, which gradually turn yellow on exposure to the air ; it gives 

otf its water at 100°, is converted at 105° into a viscid tenacious mass, melts and 
partly sublimes at 148°; when heated on platinum foil it gives off an odour of 
vanilla. It dissolves easily in water and alcohol, very vslightly in ether ; colours ferric 
chloride bluish-violet; reduces ammoniacal silver solution slowly, Fehling’s copper 
solution not at all oven when heated. 

Isopinw acid crystallises in nodules, also containing 3 mol. water, more soluble in 
water than opinic acid, easily soluble in alcohol, spnringly in ether. It gives off § of 
its water of crystallisation over oil of vitriol, the rest at 100° ; sublimes at 130°, begins 
to melt at 144°, melts completely at 148°, and emits an odour of vanilla when more 
strongly heated. In its original state it forms a bine solution w'itli ferric chloride, but 
after fusion a green solution. It is a more powerful reducing agent than opinic acid, 
decomposing Fehling’s solution when heated. 

Liechti regards isopinic acid as identical with Matthicssen and Foster’s hypogallic 
acid (iii. 239), which, according to his Anew, is not isomeric with oxysnlicylic acid. 

OPZVIMC-BASSS. Cl. Bernard {Arch. Pharm. [2] cxix. 240) divides the opium- 
bases, according to their observed action upon animals, into the three following classes, 
in each of which the most active base is placed first : 


Narcotic. 

Narceine. 

Morphine. 

Codeine. 


Exciting. 

Thebaino. 

Papaverine. 

Narcotine. 

Codeine. 

Morphine. 

Narceine. 


Poisonotis, 

Thebaine. 

Codeine. 

Papaverine. 

Narceine. 

Morphine. 

Narcotine. 
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On tho physiological action of the opium -bases, soo also JJaxt (IKwi. Akad. Ber, Ivi. 
[2] 189 ; Jahresb. 1867, p. 525). For their solubilities and reactions, see Alkaloids 
(p. 87). 

Several new bases have lately been obtained by Hesse (Ann, CK Pharm. cliii. 47) from 
the aqueous extract of opium — namely, C*‘'U’'>NO*, lanthopine^ 

laiMianiWy and meconiditic^ To separate them, the aqueous 

extract is precipitated with excess of lime or sodium Ciirbouate ; the liquid separated 
from the precipitate is agi tilled with ether; and tho ethereal extract is mixed with 
acetic acid. After removing tho ether, the noid solution is pouroil in a thin stream 
into motlerately dilute potash- or siula-ley, tlm nlkuli being kept in excess, and tho 
liquid stirred to prevent the caking together of a resinous precipitate (P) containing 
papaverine and thebaine. This precipitate is se]>arated after 24 hours, and tho filtrate, 
alter supersaturatioii with hydrochloric acid, is iminodialely mixeti witli ammonia, 
whereby a flocculent precipitate is formed, then witli chloroform without previous 
filtration, and the chloroform solution is treated with acetic acid. After removal of 
the chloroform, the acid solution is exactly neutralised with ammonia, wdioroby a 
reddish, resinous, quickly orystallising precipibilo is formed, containing lantliopine. 
^ftcr 24 hours the yellowish solution is decantetl, fdtiu’etl, and added to tlio small 
quantity of potash-ley sufficiont to precipitate it (this (piantily must , how'over, lie largo 
enough to decompose all tho acetate of ammonia in the liquitl, and leave an excess 
sufficient to precipitate tho bases). The potash-solutlou thus obtained is turbid from 
separated codeine, whicli may bo completely removed by agitat-iug the liquid with 
ether, as it is much more soluble in tjLhor than tho oilier bases ; the latter, indeed, are 
not taken up by the ether till they liavo been s(4. free by sal-uinmoniae. Tho otberoal 
solution bd't to evaporate very slowly in a tall narrow cylimler yields in tho first place 
a crystallisation of I and an i n e ; and on diluting (ho m<>1 Inu'-liqiior W’itli a little ether, 
washing Avith bicarbonate of soda, and Icavujg the ether to evaporate, crystals of 
codamine are very srxm diqiositcd. The mother-liquor contains inecon idino, 
together with another liaso, x, not yet cxamiin d. 

Tliese bases and their salts are dcscril>o(l in their alphabetical places. The quanti* 
ties of them contained in opium arc extremely snialJ. A Hanij)lo of Turkey opium 
c()ntaining 8*8 p. c. morphino yielded only 0 0058 p. c. lantliopine, 0 0tl52 p. c. lauda 
nine, and 0 0033 p. c. codamine. 

Codamine and laudanino form a homologtius scries Avith morjOiiiK' and codeine: 
C’Tr’NO’ C»''JI’CNO’ 

Morphine. Codeine. Codamlao. Luudanine. 

r>ieudomorphino, C’’H'“NO‘ (iii. 1051), and apomorpliine, C”lI'’NO* (p. 839), nro 
latf'ral members of this series. 

A second group of homologous opium-bases inelndes papaverine, C^'IP'NO*, and 
lantliopine, to which are related cryptopine, (V*H*‘^N()', and the isomeric 

bases rhoeadine and rhocageiiine, (>’'11''* NO”. J{ho>agenine, the salts of Avhich rosomble 
those of papaA’crine in many resja cls, may indeed ho ri'gardcd as dioxyjiajiaveriiio, 
and cryptopine as oxyianlhopinc. Mcconidino, C'^Ul^^NOS contains 2 at. hydrogen 
niora than papaverine, and is liomologous with sanguinariuo or chelerythrine, O'^H'^NO* 
(%'. 188), tho alkaloid contained in the common celandine, also a papaveraceous plant 
(Hesse). 

OFOFOnrAX* This resin fused w'ith potassium hydrate is converted into proto- 
catechuic acid, a small quantity of pyrocatechin, and an acid procijiitiitwl by load 
acetate, but not yet analysed (lliasiwetz a. llartli, Jahresb, 1866, p. 630). 

OFOSZlf. An albuminous substance obtained, together with syntonin, from 
muscular flesh. It is found in the expressed fiesh-juici*, and appears to exist more 
abundantly in mutton than in beef. Tho solution of well-washtKi syntonin in water 
containing hydrochloric acid is not precipitated by mercuric chloride ; but that of 
oposin gives a precipitate both'with mercuric chloride and with strong hydrochloric 
acid. Tho platinum salts of both these bodies contain from 10 to 11 p. c. platinum 
(Commaille, J. Pharm. [4] iv. 108). 

OUjrOB-nU. T. E. Thorpe (Chem, Soc. J. [2] vi. 515) has analysed the 
ash of tho root, stem, branches, and fruit of a diseased orange-tree from the Balearic 
Isles, where the orange-trees have lately suffered from a very fonni<Uiblo malady. 
Tho ash of all parts of tho diseased tree was found to differ considerably from that 
of the corresponding parts of a healthy orange-tree, exhibitiD|; especially an increased 
proportion of lime, and a diminished proportion of phosphoric acid, excepting ik the 
fruit, in which tiiere was a large excess of potash. It is not known Waothvr thsM 

dL2 
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deyiations have any connection with the origin of the disease. Or whether they aro 
merely consequences of it. 

OSCBSIkXuA. WZSB]>. Two varieties of orchella weed are used for the pre- 
paration of archil or orchil, namely Rochdla tmetoria, imported from the Cape de 
Verde islands and from Chile, and Rochella fuciformis, imported from Angola, 
Zanzibar, Madagascar, and Lima. The former treated with milk of lime yields 
lecanoric acid (with which Stcuhouse’s a and orsellic acids have been shown to ho 
identical, both by himself and by Gerhardt) ; the latter was found by Hesse to yield 
erythric acid (Stenhouse, Chem, Sctc. J. [2] v. 221). 

For estimating the amount of colouring matter in these and other lichens, Stenhouse 
formerly gave the two following methods : (1) The lichen is exliaustcd with milk of 
lime ; the clear liquor is precipitated with acetic acid ; and the precipitated colouring 
matter is collected on a weighed filter, dried at the ordinary temperature, and weighed. 

The comminuted lichen (100 grains) liaving been macerated with milk of lime 
tilbali the colouring matter is extracted, a titrated solution of calcium hypochlorite is 
gsodually added to the clear filtrate, w'hereby a blocxl-red colour is at first produced, 
which shortly disappears, leaving the liquid of a deep yellow colour. The addition 
of the hypochlorite must he continued, at last by drop.s, as long as these changes of 
colour continue to he produced. Tlie number of measures of tlio hypochlorite 
solution required to destroy tlio colouring matter determines the amount of it in the 
solution (JPhil. Trans. 1848). Stonhou.se now modifies this last process by exh.austing 
the lichen with weak caustic soda, and using a standard solution of sodium hypo- 
chlorite instead of the corresponding calcium salt. The advantage of this modifica- 
tion of the method is that tlie liquor remaius quite transparent during the entire 
process (Cheni. Soc. J. [2] v. 220). 

ORCZXr. = C^I1‘*(U''’0‘). — This substance appears to have the constitu- 

tion of a diatomic phenol, inasmuch as it is produced by abstraction of CO^ from 
orsellinic acid, C*H**0^ (by boiling it with baryta-water), just as oxyphenol or 
pyrocatechin, is produced from oxysalicylic acid, C’H'^0'. 

Respecting the preparation of orcin (and orythrito) from erythrin, see Erythrite 
( p. 682). The nearly colourless solution of orcin in benzol is agitated in a glass 
tlask with about one-tenth of its bulk of wmlcr, which extracts the orcin from 
the benzol. The aqueous solution thus obtained generally deposits crystals (d* 
orcin on cooling, and the whole of the orcin may be separated by sufficient concen- 
tration. It may be obtained colourless by a second treatment with benzol and 
recrystallisiition from water (Stonliouse, Chem. Soc. J. [2] v. 223). 

Orcin heated for some time above its boiling point remains liquid several hours 
after cooling, and at last solidifies suddenly, with evolution of heat. Vapour-density 
obs. «= 4'20 ; calc. 4*28. Orcin dissolves without alteration in caustic potash; 
docs not oxidise in contact with platinum -black ; is not attacked by concentrated 
hydriodic acid ; when fused with phosphorus iodide it gives off hydr iodic acid, and 
forms a resin soluble in alkalis. Aqueous orcin dissolves the hydrates of barium and 
calcium in considerable quantity, the solutions, when heated or mixed with alcohol, 
yielding prccipitJites of indefinite composition which turn red on exposure to the air 
Luynea, ./fnn. Ch. Rhys. [4] vi. 184; Jahresb. I860, p. 691). In contact witli 
sulphur chloride, orcin is converted, witfi evolution of hydrochloiuc acid, into a 
sulphur-yellow amorphous compound, insoluble in water, alcoliol, benzol, and airbon 
bisulphide, but dissolving with partial decomposition in alkalis (Stenhouse). 

Anhydrous orcin heated in ammonia gas melts and absorbs a considerable quantity. 
A solution of orcin in 3 or 4 pts. ether saturated with ammonia, deposits on standing 
largo octohedral crystals of orciii-ammonia, CHl^O-.NH*. This compound when 
quickly dried in a vacuum is colourless and inodorous, easily soluble in alcohol, 
sparingly in ether ; it is not altered by dry oxygen, even when exposed to it for 
months, but on adding a little water it takes up oxygen .and becomes coloured in a 
few hours ; on exposure to the air it takes up water, gives off ammonia, and turns 
violet. It is likewise oxidise'U and coloured by permunganato of potassium, 
chromate of potassium or ammonium, and peroxide of barium, these compounds 
being reduced, and the products forming lakes with the colouriii^ matter. It also 
reduces arsenic acid and ammoniacal solution of cupric sulpl|pte« When orcin is 
heated to 46°-60° with aqueous ammonia, the surface of the liq!^ being cotistantlv 
renewed and the amjnonia replaced as it evaporates, the solution in about a week 
becomes viscid and violet coloured, and when filtered yields a violet liquid, which 
leaves on evaporation a violet resinous mass resembling orcin, and a brown precipitate, 
the alcoholic solution of which deposits colourless crystals covered with a broWB 
powder (De Luynes, loc. cit . ; also Zeitschr. f. Chem. [2] iv'. 700). 
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Orcin unites directly with picric acid, forming the compound C’irO* . C«H*(N0’*/0, 
the aqueous solution of which dyes silk yellow, like free picric acid. With jyyrogallia 
acid it forms a compound which crvstalliseB in la^o hnuinac, and blackens slightly on 
exposure to the air. Aqticous solutions of orcin and nUodne when mixed deposit 
a compound of tho two in oily tlrops, which dissolve in excess of nicotine. An 
aqueous solution of orcin dissolves ro.vaa with deep red colour. Orcin deliquesces 
in gaseous ethylene oxide, I gram of it absorbing more than 400 c. c. of tho 
gas, which it docs not give up again in contact with solid potash. On adding 
common salt in excess to an aqiu-ous solution of m*cin, the two combine and form 
tv crystalline precipitate, which tills tho cMitire liquid (Do Lnyncs, Zcitschr. f. Chem. 
[2] iv. 703). 

Diacctyl-orcin, = C'Il(C-ir^0)'0^ is formed by tho action of acetyl 

chloride on pulverised orcin, and remains, on ova]vorating its ethereal solution, as an 
oily body, which crystallises in needles when cooled below 2^"^. It. melts at 25°, then 
remains liquid for a long time oven if c(X)led to 0 \ and solidifies suddenly by contact 
with a crystal. It is nearly insoluble in watt'r, very soluble in alcohol and other, 
makes a transient greasy stain on paper, ova^xmites when heated, leaving a small 
quantity of charcoal, and is resolved by boiling witli alkalis into orcin and acetic 
acid. It acquires a transient rod colour in contact with chloride of lime, and is 
oonA"crted in an atmosphere of ammonia into ammonium acetate and orcein. Dihuiyryl 
orcin, C^11“(C'*I1^0)''^0“, formed by tho action of hutyryl chloride on fused orcin, is a 
colourless uncrj’stallisablo liquid, which reacts like the acetyl compound. IHhcnzoyl 
orcin, C^I1*‘(C'11*0)‘0'^, crystallises in hard colourless needles, inodorous, but having 
a sweet taste; melts at 40°, decomposes at a higlier temperature, is insoluble in 
water, but dissolves easily in alcoliol and (‘ther, and is decomposed, by boiling with 
alkalis, into orcin and benzoic acid (Do Lnyncs). 

Alcoholic Orcina. — Mcthydorcin, (bH’(DII*)0^, ethyl-orcin, C’ID(C’‘*IP)0*, and 
amyl’Orcin, C^I1^(C‘'11“)0‘, are protluced by heating the corresponding alcoholic 
io<iidco with orcin in equivalent proportions. The first two are syrupy liquitls ; amyl- 
orcin crystallises in needles. Viethyl-orcin, CM1"(C*11'')‘''0^, ami diamyl-orcin, 
CTI’(C*11“)^0‘^, are f<jrmed by beating 1 mol. orcin with 2 mol, of the alcoholic 
iodide and potash. lloLli are syrupy; tlie ethyl -coin pound distils without decom- 
position between 240° and 250°. Ijastly, when a large excess of tho alcoh«>Hc iodido 
is used, together with potash, tho compoumls C41\(TI“)*0'‘^, C’1D(C*1D)*0*, ami 
C’iD(C*H*‘)^0* are produced. Trimelhyl-orcin is li(jui<l, and hoils without decom- 
position at about 250° under ordinary presbure ; tru thyl-orvin It has not 

yet been found possible to recon v'crt eitlier of these cfimpounds into orcin and tho 
original alcohol. Diacotyl-orcin treated with sexlium etliylate forms, together with 
sodium hydrate and ethyl acetate, a body soluble in water, but apparently not con- 
sisting of orcin (Do Lnyncs a. Lionet, Compt. rend, Ixv. 213). 

Trinitro-orcinic acid, C’H\N0‘'^)''O^, is prixluced by gradually midi ng orcin 
to strong nitric acid cooled by a freezing mixture, anil dropping tho resulting brown 
solution into strong sulphuric acid also cooled to a low temperature. On pouring tho 
yellow pasty mixture thus produced into a considerable quantity of cold water, tho 
trinitro-orcmic acid separates as a briglit yellow crj'stallino powder, which may bo 
purified by one or two cryslallisatioiis from boiling water. It then forms largo 
yellow needles, soluble in alcohol, slightly soluble in cold water, readily in hot water. 
It is a strong acid, much resembling picric acid, but differs from tho latter by tho 
solubility of its salts. The potassium salt, C’ll*(NO^)*O^K’', prepared by dissolving 
the acid in a warm and rather strong solution of potassium carbonate, solidifies on 
cooling to a mass of fine needles of a deep orange colour. The soddmi^, calcium, and 
silvir salts crystallise well, and are moderately soluble in water ; the lead salt it 
much less soluble. 

lieta-orcin, treated with nitric and sulphuric acids as above, yields a 

yellow substance which appears to be tho corresponding nitro-c<jm pound of beta-orcin. 
Resorcin yields trinitroresorcinic acid, C«lI»(NO*)*0*, which crystidliscs readily, is of 
a much paler colour than trinitro-orcinic acid, but resombies it closely in most 
respects, and likewi^ forms crystalline salts (Stenhouso, Chem. News, xxii. 98 ;; 

Aug. 26. 1870). 

OMr » T MX T Ja > IWcalcic phosphate, (PO<)*Ca* + 2IPO, found in nionocliniu 
crystals in Sombrero guano (Ltilien, Sill. Am. J. [2] xL 367). 

OHSXJUbXlfXC ACXX>- — Menschutkin {Jdull. Soc. Chinu [2] iU 424} 

regards this acid as diatomic, and represents iU formation from leeaoonc 
arythrin, and picro-ciythrin, by the following equations i 
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ORTHOCABBONATES— OSTEOLITE. 


cwon 

QS^6Q2 [ O* 

) 

Lecanoric acid. 


H^O = 2rH:0«|o«] 


Erythrin. 


0« + H*0 


OrBelliuio acid. 

(C4H«y- ) 

(G^U^ O^YHO* -h 

H* ) 

Picroerythrin. 


C«H«02( 


O* 

Orsellinic acid. 


C^H« 

Picroerythrin. 


O* + H*0 = 


c^n« 




02 


CW02( 

IP i 

Orsellinic acid. 


Erythritc, 

Grimaux, on the other hand {ibid. iii. 410), regards orsellinic acid as monobasic, 
but triatomic, as represented by the formula (inasmuch as it is con- 

verted by loss of C02 into diatomic orcin), and alters Mcnschutkin’s formula of the 
lichen-constituents as follows : 




Lecanoric 
(Diorsellinic) acid. 


2(C‘*H"0)'" 0» 
H« ) 

Erythrin. 


0» 


(C4H«)«- 

(C«IPO)'" 

Picroerythrin. 


li:tkyl OrsGllinaie, C»H^O‘.C2IP, is most conveniently prepared by digesting 
erythrin with 8 pts. absolute alcohol, distilling, boiling the viscid residue (consisting 
of ethyl orsellinate, picro-erythrin, and resin) with water, and the portion whicli 
crystallises from the aqueous solution with benzol, which dissolves the ethyl orsellinato 
and deposits it in crystals. Ethyl di~iodorsiilmate^ is formed by 

mixing a cold-saturated aqueous solution of ethyl orsellinato with a very dilute 
solution of iodine chloride containing excess of iodine, in quantity not sufficient for 
complete precipitation. The precipitate, washed with cold water and several times 
rocrystallised from carbon bisulphide and alcohol, forms small needles soliffilo in 
benzol, carbon bisulphide, and hot alcohol, slightly soluble in boiling water. Heated 
above 100®, they melt and decompose, with liberation of iodine. Methyl dyiodorsd- 
linate, C^HH^O^CIP, prepared in a similar manner, likewise crystallises in needles 
(Stenhouso, Chem. Soc. J. [2] v. 224). 

ORTBOGiLRBOXa'i&.TSS. See Carbonates (i. 778 ; iv. 238). 


ORTHOrORMATES. See Formates (p. 622). 

O.S2MtZXrM* Experiments by Wohler {Ann. Ch. Eharm. Suj)2>l. iv. 253) seem to 
show that the black oxide produced by fusing metallic osmium with potash is neither 
the trioxido, nor, as commonly supposed, the tetroxide (iv. 246), but an intermediate 
oxide, inasmuch as it dissolves in water with deep reddish-yellow colour (without 
perceptible evolution of gas), and is resolved by addition of acids into a black oxide 
and the tetroxide OsOb Such a solution concentrated to one-fourth, and left to cool 
out of contact with the air, deposits crystallised violet potassium osmite. On passing 
carbon dioxide through the yellow liquid decanted from the ciystals, it first becomes 
colourless, then violet, with liberation of osmium tetroxide, and deposition of a 
greyish-violet precipitate. On treating this precipitate with water, a small quantity 
of brown oxide is separated, and a violet solution formed, from which nitric acid 
again precipitates black oxide, with formation of osmic acid. The solution of the 
violet wystals reacts with carbon dioxide in the same manner. 

When sublimed osmium tetroxide is dissolved in excess of potash, and the deep 
yellow-red liquid is evaporated over potassium hydrate, opaque nodular groups of crystals 
are formed, soluble in water with reddish-yellow colour (without a trace of potassii^ 
osmite), and nitric acid added to the concentrated solution throws down, first white 
tetroxide, and then black oxide. The black oxide forms with concentrated hydro- 
chloric acid, first a purple solution, which afterwards becomes yellow-brown, green, 
and when heated brownish-yellow, and is coloured pure yellow^ by sulphurous ^d, 
without separation of metal, even at the boiling heat. Zinc precipitates osmium from 
this solution in black flocks. 

OSXBOEZTB* In osteolite from Eichen in the Wetterau, Church {Chem, News, 
xvi. loO) found 87*25 p. c. (PO*)*Ca», 6*70 CO»Ca, 4*92 CaF*, and 234 water: 
liehce he concludes that it consists of apatite, more or loss altered. 



OXALIC ACID-OXALO-HYDROXAMIC ACIU. 


COOH 

OXjBkUO ACIB. C^II-0* =* I . — This acid ia formed by reduction of 

COOU 

carbonic acid. When dry carbon dioxide is passed into a tlask conUiiuiiig metallic 
sodium and fine sand, and boated to about the boiling point of mercury, the mixture 
of sand and sodium being well stirred, sodium oxalate is produced by direct com- 
bination : Na'-® + 2CO=^ = C-0*Na*. This product, spread out upon a plate to oxidise 
the remaining sodium, and then digested with water, yields a solution which, after 
neutralisation with acetic acid, forms with calcium chloride the characteristic precipitate 
of calcium oxalate (Drcchsel, Zeitschr. f. Chem. [2] iv. 120). Oxalic acid is also 
formed by oxidising acetic acid in alkaline solution wdth potassium permanganate ,* 
C'dl’O^ + 0* = C^H‘0* + IPO (Losscu, Aim. Ch. Phurm. cxlviii. 171). 

On the occurrence of oxalates in urine and urinary sodiments, see Neubauer 
{Zeitschr. f. Chem. [2J r. 30). 

IJy 'potassium permanganate^ in acid solution, and likewise, though slowly, in 
alkaline solution, oxalic acid is oxidised to water and carbon dioxide (Berthelot), 
Harcourt {Cheiiu Soc. J. [2] v. 460) gives for this reaction in acid solution the 
equation : 

K'Mn^O® + 3H2SO< + Sli-C^O* - IPSO* + 2MnSO< + lOCO* + 8IPO. 

The oxidation of oxalic to carbonic acid takes place quickly at the positive pole of a 
voltaic circuit. A neutral solution of potassium oxalate gives off at the positive 
polo, first carbon dioxide, then oxygen ; an alkaline solution, first oxygen, then carbon 
dioxide (Burgoin, Ann. Ch. Pfigs. |4] xiv. ITiT). 

Oxalic acid heated with concontratod aqueous hydriodic acid is resolved into carbon 
dioxide, carbon monoxide, and water (Berthelot). 

The crystalline forms of several metallic oxalates have been examined by J. 
Loschmidt {Wien. Akad. Ber. li. [2] 7, 384; Jakresh. 1865, p, 374). 

Calcium oxalate may bo obtained in fine crystals by placing a layer of aqueous 
oxalic acid above a denser solution of sugar-lime (K. Monicr, Compt.^ rend. Ixiil. 
1013). Both calcium oxalate and lead o.valate dis.solvo in the saccharine juice of beet 
(Scheibler, Zeitschr. f. Chem. [2] i. 62). 

Manganous oxalate precipitated by adding a cold concontratod aqueous solution of 
oxalic acid to manganous sulphate, or ammonium oxalate to excess of manganous 
sulphate, has the composition G-OWn + 3IPO ; in the latter case the precipitation 
of the oxalic acid is complete (How, Chem. News, xix. 41). 

Silver oxalate is C(»mmonly said to retain 2 p. c. water with groat obstinacy s 

Handbook, ix. 169). According to Thudiclium a. Wanklyn, however, this is not the 
case, the salt dried in a vacuum over sulphuric acid, and finally at 110°, being quite 
anhydrous {Chem, Soc. J. [2] vii. 294). 

All oxalato-chlorUIe of strontium, C‘SrO’.SrCl + 61PO, is obtained^ in rhombic 
crystals by prolonged contact of a perfectly saturatfid solution of strontium chloride 
with washed and still moist strontium oxalate. It gives off 4 mol. water at 100°, 
is not altered by alcohol, but is resolved by water into its constituent salts. 
When the crystals of this salt are covered with two or throe times their weight of a 
saturated solution of strontium chloride, and a solution of the sanie salt diluted with 
an equal bulk of water is gradually added at intervals of two or three hours, the 
rhombic crystals disappear, and are succeeded by prismatic crystals of the salt 
aC^SrOGSrCP + 1611-^0. This latter salt is also formed when the rhombic crystels 
are left for some time in an atmosphere saturated with aqueous Vapour. In a similar 
manner maybe obtained tlio douV;le calcium salt, C*CaO* « CaCl* -h 7 described 
by Fritzsche (iv. 255), and corresponding oxalato-chlorides of barium and magnesium 
(O. Kainey, Proc. Boy. Soc. xiv. 144). 

Neutral thallium oxalate, C^TBO^ + 4H^O, forms short prismatic crystals. An 
acid salt, C<H»TlO« + 2R^O, crjstallises in largo laminae from a solution mixed with 
a considerable excess pf oxalic acid (Carstanjen, Jakresht 1867* p» 281). ^ ^ 

Ethyl oxidate heated with sodium ethylate is converted into ethyl carbonate, 
evolution of carbon monoxide, and simultaneous formation of sodium oxalate, a nnaU 
quantity of sodium formate, and the sodium salts of complex organic ^ids (L^»g « 

*’ nigric acids (GeUther, Zeitschr, f. Chem, [2] iv. 656. Cranston a. Dittmar, Chtm, 
Soc, J, [2] vii. 44l). In the production of ethylic carbonate from ethylic oxalate, by 
the action of sodium (iv. 270), sodium ethylate appears to be formed in the first 
instance, which then reacts as above (Geuther). 

Osuxo-^BTBBOaCAMXC ACZB. C*H^NK)*.~-An acid produced by the: 
action of hydroxylattiitic on fthyl oxalate, (»Sce Htdboxylaminb, p. 724.) 
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OXETHrL-GLYCOLLYL-ALLOPHAinC ACID. 


OXAJMZC ACZXIs C*H*NO*. — According to L. C. de Coppet {Ann. Ch. Pharm. 
cxxxvii. 105), ammonium oxamate is produced when ammonia gas in excess is passed 
into a cooled alcoholic solution of ethyl oxalate : 


(C'hVI®' + 2NH> + H«0 


2C2H«0 + 


C'O* 


O 

N* 


Phenyl-oxamic or Oxanilic Acid. C-IP(C*H*)NO*. — In preparing this acid by fusinj^ 
aniline with a large excess of oxiilic acid, it is best to exhaust the fused mass witli 
water, boil the solution with excess of lime, supersaturate the filtrate with sulphuric 
acid, and agitate it with ether, which takes up the oxanilic acid. When nitrous acitl 
vapour is passed into an alcoholic solution of this acid, the only products formed, 
besides nitrogen gas, are phenol and oxalic jicid. Hence the nitrogen-atom appoarn 
to connect the two ciirbou-residues in the acid, and the latter may be represented by 
the formula C*IP— NK— CO— CO^H (Claus, Zeitschr. f. Chem, [2] iv. 168), 


OXAMCZDS, is formed when cyanogen gas is passed into strong 

aqueous hydrochloric acid : 2CN + 211*0 =* CHI^N^O*. The liquid after twelrn 
hours deposits crystals of oxamide, while a small quantity of ammonium oxalate 
remains in solution, hydriodic acid also quickly yields oxamide when cyanogen 

gas is passed into it, iodine being also separated, and the solution retaining hydro- 
cyanic acid and ammonium iodide (Schmitt a. (xlutz, Deut. chem. Ges. Ber. 1868, 
p, 66). 

A compound isomeric with oxamide is pnxluced by heating urea and dry formic acid 
(prepared by the action of hydrogen sulphide on lead formate) to 100*^ for several 
days in a flask with upright condenser : CII^N^O + CH'^0* = H'-'O + C^R^N'^O* 
(Stheitz, Marsh, a. Geuther, Zeitschr. f. Chem [2] iv. 300). 

Oxamide heated to 126° with formic acid is converted into ammonium oxalate. 
Heated to 200° with benzoic anhydride it yields benzamide. Acetic anhydride does 
not act upon it at 160°. Heated with zinc and dilute acetic acid it is converted into 
ammonium glycollato (Sclieitz, Marsh, a. Geuther). When an intimate mixture of 
5 mol. oxamide and 2 mol, phosphorus peniachloride is slowly heatcxl in a small 
retort, an orange-yellow sublimate is formed (probably a sulphydrato of cyanogen), 
and a mixture of hydrogen sulphide and cyanogen is given off (L. Henry, Deut. chem. 
Ges. Ber. 1869, p. 305). 

A compound of oxamide with cupric oxide, 2C*H^N"0-. CuO, previously obtained 
by Tonsshint {Ueher die Oxaminsiiure, Inauyurahliss. Gottinycn, 1861), is formed by 
adding a hot solution of oxamide to neutral cupric acetate. It is a light, loose, very 
hygroscopic powder, decomposed by the stronger mineral acids (Seheitz, Marsh, a, 
Geuther). Dcssaignes obtained a compound of oxamide with 7nercuric oxide, con- 


taining 2C*HWOMigO (iv. 284). 

The compound C*H'®N^O*, produced by the action of cyanogen on moist aldehyde, 

^ j NH } 

may be regarded as ethylidene-dioxamide, ^ | C^H*. 


OX^XMnrZiil.XVniXOZrZiriVZ B'ZSR.aTfi, produced by 

treating the chlorhydrin of amyl-glycol with ammonia, and the resulting chloride 
with moist silver oxide (Wurtz). See Choline (p. 449), 


OXJt&.UrTBRA.CSiri:. See Anthbacene. 


See Jndol. 

ORBTEnrXi-OXi'VCOXiZi'SrK-AlLZiOPBA.BZC ACZR. (Saytzeif. 

An'^i. Ch. Pharm. cxxxiii. 329). — The jHitassium salt of this acid is produced by heating 
potassium cyanate with ethyl chloracetate and alcohol : 

C'H’ClO* + 2CNOK + H*0 * KCl + C«H»NWK. 


The liquid decanted from potassium chloride, concentrated to one-tenth of its 
volume, and mixed with ether, separates into two layers, the upper of which 
contains ethyl allophanate (formed by the action of the potassium cyanate on the 
alcohol), while the lower, which is semicrystalline, consists mainly of potassium 
oxethyl-glycollyl-allophanate, which may be dissolved, out by water ; and in mixing 
the aqueous solution with dilute sulphuric acid, oxethyl-glycollyl-allophanic acid 
separates in crystals. This acid, purified by conversion into a lead salt and separation 
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OXYANILINE— OXYBENZOIC ACID. 


>y hydrogen sulphide, crystallises in rhombic tables sparingly soluble in cold water, 
ilcohol, and ether. Its alkali-nutal salts are very soluble and crystallisablo. The lead 
iolt, (C®H®N'‘0*)*Pb, forma sparingly soluble needles ; the hariwn salt, (C'*Il”N‘‘0^)‘'‘Ba, 
iiicroscopic rhombic tables ; the silver salt is very soluble iu water, and decomposes 
3 ven when its solution is heated. 

Oxethyl-glycollyl-allophanie acid gives off cyanic acid when heated, and is decom- 
posed by boiling with strong pota-sh-loy into glycollic acid, carbonic acid, alcohol, and 
ammonia : 

+ 6KHO = + 2CO'K* + C^JPO + 2NIP. 


It is not decomposed by nitric or nitrous acid. Strong sulphuric acid decomposes it 
with evolution of carbon dioxide. By boiling with dilute sulphuric acid it is converted 
into a new acid, which is likewise produced, together with oxelhyl-glyeollyl-allophanic 
acid, by the action of potassium cyanate on ethyl moiiochloraootato. This acid is 
soluble in ether, uncrystallisablo, forms uncrystallisablo salts, and is likewise converted 
into glycollic acid by boiling with potash. 

OXYiVXirZXiXXrfif C'^JPNO = O'*!!* — O — NK-, is produced by heating amidosali- 
cylic acid mixed with pumice- po\vder : 

CaP(NU-)0=‘ = CO“ + C'dl^NO. 

When freed from a brown secondary produ •l l>y uuvkh oi ab-ohol containing acetic acid, 
it forms white needles, the aqueous solution of svtiieli quickly turns brown when left 
to itself, indigo-bluo on ad<lition of alkalis, and is <lecolorisetl again by acids. It 
reduces the oxides of the iioblo metals, forming a violet liquid. It unites with hydro- 
chloric, hydrobromic, and hydriodic aciils, forming salts whitdi are stable only iu presence 
of excess of acid (R. Schmitt, Clicni. J. [2] ii. 121). 

OXYBEIO’ZAMZXIS. CUI’NO* = C«IP(OII). CONJl'.— Produced by boiling 
tlio aqueous solution of nitrate of diazobmizamido : 

C^n^'N^CONE* + H-O = -t- CTI'CCII). CONIP. 


It crystallises in white prism.s sparingly soluble in cold water, easily in boiling water, 
also 111 alcohol and ether. By boiling witii aiiueous potash it is converted into oxybenzoic 
acid: C’lPNO^ + H*0 = NIP + whereas its isorneride, amidobonzoic acid, 

('•‘IPNH'' C0'"1I (formed by reduction of nitrobcnzoic acid), is not decomposed in the 
same manner, but only by fusion with potassium hydrate, being then resolved into 
carbon dioxide and aniline: C’lPNO^ = + C«iPN. Moreover oxybenzamido 

Is converted by nitrous acid into a diazo-conip'uind, whereas amidobenzoic acid 
similarly treated is transformed into oxybenzoic acid. In like manner, paraoxybenaiinido 
(oxydraeylamido) differs from amidopar.ioxybonzoic scid, and inctaoxyherizamKlo 
(salicylamide) from amido-motooxybeiizoic (anthraiiilic) acid (Griess, Lextsehr, /. 
Chem. [2] ii. 1). 

OXY-asirZOZC AOZa. C’IPO’ =* (r*UXOH).CO'TT.-In preparing this acid 
by the action of nitrous acid on amidobenzoic (oxybenzaniic) acid (iv. 200), Grabo a. 
8chultzen (A^m. Ch. Pharm. cxlii. 360) neutralise the boiling solution of amii obonzoic 
acid in 100 pts. water, after the action of the nitrous acid is complete, with levigated 
chalk, to prevent loss by volatilisation with the miuoous vaiiour, decolorise the resul^ 
ing calcium salt by repeated treatment with animal charcoal, and decompose jt with 
hydrochloric acid Oxybenzoic acid is more advantageously prepared by fusing 
I^otassium sulphobenzoato (benzene- sulphate, benzyl-sulphite) with potassium hydrate : 




SO*K 

CO^K 




OH 

:o*K 


+ KOH - SOHP + 

Snlphobenzoatc. Hydrate. Sulphite. Oxybc;nzoate. 

Benzoic acid flOO grms.) is converted into sulphobenztnc ^id by treatment with 
vapour of sulphuric fllhydride ; the product is made to drop through a 

into cold water; the liquid filtered from Iw hoiW The 

with milk of lime • the filtrate, together with the solution obUiin^ by boding the 

residual gypsum, is concentrated, and precipitat^ while 

bonato ; and the filtered solution of potassium ^ hTI?I^nd a little 

This salt is then fused with 2J times its weight of and s^itlt^ 

water in a silver basin ; the fused mass is saturated with sulphuric acid and i^ita^ 

with ether ; the ethereal solution evaporat^ ; and the 

beinff recrvstallised onCe OX twice, with addition of animal charcoal, is fi^Uy Ixeea 
fronf "^benzoic acid by treatment with ^bon 

100 pt8. beaajio acid yield firora 70 to 76 pts. oxybenzoic acid. A small quantity of a 



OXYBENZOIO ACID. 


BOO 

syrupy acid, probably oxysalicylic acid, (protocatechuic acid, according to 

Senhofer), is formed at the same time (Ir. Barth, Atm. Ch. Pharm. cxlviii. 30 ; Zeitsehr, 
f Chem. r2l v. 23). Araidobenzoic acid heated with potassium hydrate yields only 
small quantities of oxybenzoic acid : + H*'0 = NIP + C^H«0« (Barth). 

Amniofiium Oxyhenzoate, C^H*0*.NH‘, crystallises in tufts of needles easily solublo 
in cold water, giving otF part of their ammonia when dried in a vacuum. The harhtni 
salty (C’H*0^)“Ba, obtained by saturating the acid with barium carbonate, is uncrystal- 
lisable. Its solution mixed with excess of baryta does not yield a salt containing 
C’H^O^Ba. cadmium salty (C^IP03)2Cd, forms nodular groups of indistinct needks. 
The copper salty (C’H‘‘0*)^Cu + (air-dried), crystallises in green needles. 

Oxybenzoic Ethers. — Ethyl OxybcnzoatCy C‘*H‘(OII) . CO'C'-^H*, is formed l>y 
passing hydrochloric acid gas into the alcoholic solution of the acid, and precipitating 
with water. It crystallises from ether and from hot water in hard tables, melting at 
72<^-74® (Grabe a. Schultzen); in broad laminae and scales melting at 67° (Barth). 
It distils at higher temperatures, is nearly insoluble in cold water, more soluble in 
hot water, also in alcohol and ether. By strong sixladey in the cold it is couvcried 
into a white crystalline pulp of cthylic sodium-oxybenzoatey C“II^(ONa) . CO-’O-ll’, 
which is resolved into alcoliol and sodium oxybenzoate by boiling its aqueous solution, 
and reconverted into ethylic oxybenzoate by boiling with hydrocliloric acid (Griibo a. 
Schultzen). According to Rosenthal (ZciVscAr./*. Ckcm [2] y. G27), ethylic oxybenzoato 
treated with sodium and carbon dioxide is converted into ethyl-oxybcnzoic acid, 
C*H*(0C*H»).C02H. 

MethyUoxyhenzoic Acid. C<'n^(OCII=*). CO^H. — The ethylic ether of this acid is 
produced by heating the ethylic ether of sodiiini-oxybonzoic acid with methyl iodido 
to 140°: 

+ CH’I = Nal + 

The acid produced from this ether by boiling wdth potash may bo more easily pre- 
pared by heating 1 mol. oxybenzoic acid to 140° with 2 mol. potassium hydrate and 
1 mol. methyl iodide, and decomposing the resulting mothylic ether of methyl-oxybcn- 
zoic acid with potash; or, according to Korncr {Ptdl. Acad. Bclg. [2] xxiv. 165), by 
the action of carbon dioxide and sodium on methyl monobromophenate, C^H^BrO . CIB. 
It crystallises from water in long needles, slightly soluble in cold, easily in hot water, 
alcohol, and ether, melts at 96°, and sublimes without decomposition. It.s potassium 
fXYid. ammonium salts are easily solublo and crystal lisable ; the ca/ciw??? .snZ/f, (C“lPO^)‘Ca 
-f- IPO, separates from the concentrated solution in needles easily solublo in hot 
water. The silver salty C^H^O^Ag, is a white precipitate, which crystallises from warm 
water in long needles. 

Dioxyhenzoic acid, CUPO* or C®IP(OII)*. CO^H, identical with protocatechuic 
acid, is produced by converting oxybenzoic acid into sulphoxybenzoic acid, C^H^SO®, 
and fusing the potassium salt of the latter with potash (Barth). 

Sulphoxybenzoic Acid. C^IPSO® = C’lI'O* . SO^H (Senhofor, Ann. Ch. Pharm. 
clii. 102). — Aotluced by passing vapour of sulphuric anhydride over oxybenzoic acid. 
On diluting the product with 10 or 12 pts. of water, removing unaltered oxybenzoic 
acid by repeated agitation with ether, precipibiting the sulphuric acid with a slight 
excess of lead carbonate, mixing the filtrate firlth basic lead acetate, decomposing the 
washed precipitate with hydrogen sulphide, conconti’atipg the filtrate strongly on the 
water-bath, and leaving it to itself for some time, sulphoxybenzoic acid separates in 
dingy yellow crusts ; it may be purified by repeated treatment, after drying, with a 
mixture of 1 pt. alcohol and 2 pts. other, in which the pure acid slowly dissolves. By 
recrystallisatmn from water the acid is obtained in si skin -green needles, which retain 
mol. H^O when dried over sulphuric acid, give it off at 160°, and melt to a black 
pasty mass at 208°. It is deliquescent, very solublo in alcohol, nearly insoluble ia 
ether ; forma with ferric chloride a wine-red liquid, which is decolorised by sodium car- 
bonate, and precipitated by basic, but not by neutral acetate of lead. The impure acid 
quickly becomes moist in contact with the air ; but the pure acid is much less, hygroscopic. 

Barium SulpkoxyhenzoatCy 0’H*SO*Ba, forms colourless transparent prisms, which 
become opaque and friable on exposure to the air, and are somewhat sparingly soluble 
in water ; the air-dried salt gives off 20*81 p. c. water at 168° ; calc, for 4JH*0, 20;36 
p. c. The acid cadmium salty (C^H*SO*)*Cd + 211^0 y forma straw-yellow crystalline 
nodules. The lead salty (C’H*SO«)®Pb*, ia obtained as a bulky precipitate, which 
becomes somewhat denser when left in the liquid, and dries up to a pale red amor- 
phous mass. 

0 XYBBirznii^ 01 ISF 0 irjri> 8 . See Toi^tl Bisulfhide, under Benzekb 
Hoholooves (p. 289). * 



OXYBUTYRIC ACID, 


oyjL 


OJCYSV^mtZC ACZ3>. C^H*0* (Morkownikolf, Zeitsckr, f, Chevi. [2] ii. 486 ; 
r. 620. Wisliconus, Ann. Ch. Pharm. exlix. 206 ; ZHtschr, f, Chem, [2] iv. 680 ; 
, 325). — The general formula of this acid may bo resolved into five different structural 
arinulse, three of which contain only a single chain of carbon-atoms, and may bo 
egarded as derivatives of ordinary butyric acid : 


(CIP 

fCIP 1 

fCIP 1 

f CIPOH 

CIP 

1 CIP 

1 CHOH 1 

ICH" 

' CH" 

1 CHOH 1 

tCH" 1 

1 CH" 
ICOOH 

Icooii 

ICOOH < 

ICOOH 1 


Butyric a /3 y 

acid, ' V J 

Oxybutyric acid. 

wliile the remaining two 
CIP CIP 

COOH 

Iflobutyric acid. 


may bo derived from isobutyric acid : 

CIP CTP CIP 

coil 

COOH 


CIPOH 



OxyiBobutyric acid. 


Of these five oxybutyric acids two have been known for some time, namely a-oxyiso- 
luityric and a-oxybutyric acids. The former is produced by the action of moist silver 
oxide on bromo-i.sobutyric acid (Morkownikoff, Ann. Ch. l^iarm. cxlvi. 339). Tlio 
same structure belongs to Stadelor’s acetonic acid, produced by the action of hydro- 
cyanic and hydrochloric acids on acetone (p. 28) : 

CIP CH" CIP CIP 

"~CO^ + CNH + HCl + 2H*0 = NH'Cl + COH 

COOH 


and to Frankland a. Duppa’s dimotlioxalic acid (iv. 274). Wurtz’s biitylactic acid 
(i. 688), obtained by oxidation of amylciio glycol, is also, according to Friedel a. 
iviachuoa {ibid. cxx. 279), identical with acetonic acid. Tliero are therefore four 
inodes of formation of a-oxyisobutyric acid, all of whicli yield it in the crystalLino 
state. 

Another oxybutyric acid, also crystollino, was obtained by Friedel a. Machuca (iv. 296), 
and by Nauraann {Ann, Ch. Pharm. cxix. 115), by t!io action of silver oxide on normal 
Ijromobutyric acid. Now when hydrogen is replaced by chlorine or bromine in organic 
molecules already containing negative elements, the replacement generally takes place, 
at least in the first instance, in the immediate neighbourhood of the negative atoms 
alrciuly present: thus aldehydes are converted into acid chlorides; etliyl chloride, 
ClP.CIPCl, into vthylidene dichloride, CH".CI1C1"; propionic aeid, CH' — OIl^ — COOH, 
into a-chloropropionic acid, CH" — CHCl — COOH, &c. In like manner, normal butyric 
aeid, CH* — CH" — CH" — CO"H, acted upon by bromine will most probably yield a 
bromobutyric acid having the constitution CH* — CH" — CHIJr — CO"lI, and this acid 
treated with silver oxide will be converted into a~oxybutyric acid, CH* — CIP — CHOH 
— CO"H (Wislicenus). 

A tbirtl mf>dificatioD, viz. fi-oa^yhntyric acid, which is non-crystalline, has recently 
been obtained by Morkownikoff and by Wislicenus: — 1. From prtjpylene-hydroxychlo- 
rido, by converting that compound into the corresponding hydrocyanide by heating with 
potassium cy^unidc, and boiling the alcoholic solution of the product with caustic 
potash as long as ammonia continues to escape : i 


and 


CH* (CH* 

CHOH -I- KGN = KCl + J CHOH 
CH"C1 CU"CN 


CH* 

CHOH 

CH" 

CN 


2H"0 = NH* -f 


/CIP 
CHOH 
' CH" 

I COOH. 


Hy acidulating the resulting solution with dilute sulphuric acid, agitating with ether* 
and evaporating the ethereal solution, ^-oxybutyric acid is obtained in the form of a 
syrup, which mav be purified l^ conversion into a load salt, and separation with 
hydrogen imlphide (Morkownikoff). , 

2. By addition hydrogen to acetyl-acetic acid, C"H i(C*H*0)0* t 
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CIP 

CO 

COOH 
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cw 

CHOH 

cxr- 

COOII 


The ethylic ether of acetyl-acotic acid (Gcuthcr’s ethyl-diacetic acid, p. 601) treated 
with water and sodium-amalgam is riipidly converted into tlio sodium salt of fi-oxy- 
butyric acid : 


rCH* 

CO 

CH^ 

COOC^IP 


+ 21VO + Na* - NallO + C^II^OII -H 


cm 

CJIOH 

CH" 

COONa 


By slightly acidulating the alkaline liquid with hydrochloric acid, again neutralising 
with sodium carbonate, evaporating to a syrup, separating the sodium chloride wliicli 
crystallises out, evaporating to dryness, digesting tlio resid\ie with strong alcohol, and 
leaving the solution to cool, sodium /3-oxybutyrate is obtained, and may be purified by 
repeated crystallisation from alcohol. By decomposing this sodium salt with sulphuric, 
acid, agitjiting the solution with ether, and evaporating, jS-oxybutyric acid is obtained 
as a slightly coloured viscid syrup, which quickly absorbs water from the air, and 
shows no tendency to crystallise. It volatilises somewhat readily with vapour of 
water, and decomposes when heated to 120°~130°, yielding a Lhickish acid watery 
distillate, which on cooling deposits snow-white crysUiIs, having the composition 
and exhibiting nearly the properties of crotonic acid obtained from allyl 
cyanide (p. 509). 

Sodium ^-oxyhidyratc^ C'lT'O^Na, prepared as above forms anhydrous crusts niaclo 
up of very solt sharply pointed crystals ; it is soluble in v’ater and in alcohol, and 
very deliquescent. The silver salt, C*J£'OMg, scparate.s on mixing the solution of tho 
sodium salt with silver nitrate, in snow-white, capillary, interlaced crystals. Tho 
calcium, copper, load, and zinc salts, which are very s(duble and amorphous, aro 
obtained by boiling tho acid with the corresponding carbonates (Wislicer.us). 

OXYCiLBrjarjEiBXlf. C*H''0-. — A neutral cryshilline subshinco obtained by tho 
action of nitric acid on tho resinous extract of Indian hemp. (See Cannauis, p. 391.) 

oa:YGXmril.lMtXC B.CXX>. See Cinnamic Acid (p. 470). 

OJLYl>BikCYBBilMCXC B^CXID. Syn. with Paramidobenzoic acid. See Bp]Nzoic 
Acid (p. 320). 

OXYGSXOr. Preparation, — 1. Bobbins {Pfiarm. J, Trans. [2] v. 456) recommends 
the decomposition of a pulverised mixturo of 3 mol. barium peroxide and 1 mol. 
potassium dichromate with dilute sulphuric acid, whereby oxygen is abundantly 
evolved at ordinary temperatures. — 2. Carlcvaris {Bull. Soc. Chim. [2] iv. 255) heats 
a mixture of manganese dioxide and sand to incipient redness, whereby manganous 
silicate is produced, and half tho oxygem of the mangjinese dioxide is evolved. — 
3. Chloride of lime in solution heated with a small quantity of recently prepared 
cohalt peroxide, is completely resolved into calcium chloride and oxygen (less easily by 
nickel peroxide). A concentrated solution of strong chloride of lime (35 p. c.) filtered 
tD prevent frothing, yields, when heated with 0*1 to 0*5 p. c. cobalt peroxide, a volume 
of oxygen from 25 to 30 times as great as that of the liquid, and always rather more 
than the calculated quantity, probably in consequence of absorption of oxygen from tho 
air. The remaining peroxide can always be used again. The same result is obtained 
by mixing tho chloride of lime solution with a small quantity of an ordinary cobalt salt. 
It is probable that several peroxides of cobalt exist, and that tho reaction depends 
upon the alternate formation and partial reduction of a higher oxide, or on the forma- 
tion of a cobaltic or percobnltic hypochlorite, which is subsequently resolvedf' into 
. cobaltous chloride and oxygen (Fleitmann, Ann. Ch. Pharm. cxxxiv. 64). Ttege 
observations have been confirmed by Reinsch {Zeitschr. f. Chem. [2] ii. 31), and similar 
observations have been made by Bottgor, who likewise observes that cupric oxide and 
ferric hydrate decompose chloride of lime with violence, even at 60°, both retna^ng 
unaltered {J. pr. Chem. xcv. 309, 375 ; Jakresb. I860, p. 119). Stolba {^id. ^evii. 
309) recommends that the chloride of lime in Fleitmann’s process be used in the form 
of a stiflf paste, with addition of a small quantity of cupric nitrate or chloride and a few 
small lumps of paraffin; by this means the frothing of the liquid is prevented. 
Winkler {J. pr. Chem. xcviii. 340) passes chlorine into Uiick milk of lime containing a 
few drops of solution of cobaltous chloride, and passes the evolved oxj'gen through a 
wash-bottle containing milk of lime, to remove a small quantity of chlorine with wnich 
it is Uizod, 
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Martichal and Tessi6 du Mothay proparo oxygen on the large scale hy heating the 
manganates, permanganates, cliromatos, or ferrates (?) of the alkalis or alkaline earths 
in a current of steam, and reoxidiso the residue by passing air over it at a red heat. 
The process has boon patented in this coiintry^ {Ckem. News, xiv. 154). Mallet {littll. 
Soc. Chim. [2] vii. 522) passes air for several hours over a mixture of cuprous chloride 
and kaolin or sand, moistened with 20 p. c. water and heated to 100° in retorts 
revolving on horizontal axes, and heats the resulting cupric oxychloride more strongly 
(to about 400°) ; oxygen is then given off, and the residual cuprous chloride is 
rcoxidised on cooling. If the cupric oxychloride bo converted into chloride by evapor- 
ating it with 50 p. c. of commercial hydrocliloric acid, chlorine is obtained on heating 
tlic residue ; if a smaller quantity of iiydrocldoric acid is used, the residue gives oft* 
when heated, a mixture of chlorine and oxygen. 100 kilograms of cuprous chloride 
yield, after conversion into cupric oxychloride, about 3 cubic metres of oxygen, or after 
conversion into cupric chloride, from C to 7 cubic metres of chlorine. 

Gondolo rend. Ivi. 488) describes certain modifications of Boussingault's 

method of preparing oxygon (iv. 298), consisting in adding to the pure barytfi a 
mixture of lime, magnesia, and potassium mangauat(‘, to prevent fritting, and heating 
the mixture in coated cast-iron tubes. 

llottgcr {J. pr. Chem. ciii. 316; evil. 48) prepares perfectly pure oxygen, free from 
ozone, by gently lieating potassium permanganaLo, or by decomposing ji mixture of the 
peroxides of lead and barium with very dilute nitric acid (sp. gr. bOG l). 

Kespecting the estimation of oxygen, .see Anai.ysis, Ouoanio (pp. 144, 145). 

F, C. Calvert {Chnn. Soc. J. [2] v. 203) has made observations on the oxidising 
action of oxygon condensed in the pores of charcoal, lloxwood charcoal lixiviated 
with hydrcxihloric acid was dried, ignited, quenched under mercury, then intnxluced 
into a measured volume of oxygen, and when the absorption was comjdete (no carbon 
dioxide being thereby produced) the oxidisaldo body was intixiducod. Hydrogen 
sulphide and hydrogen phosphide were oxidised in considoralilo quantity to snlplmric 
Jind phnsph ric aeid.s, giving ri.se to a further disappearance of oxygen. Ammonia did 
not appear to be oxidised to nitric acid. Ktliylic and amylic alcohols wore oxidised to 
the corresponding fatty acids; methylic alcohol lcs.s distinctly to formic acid. Kthyleno 
and propylene appeared to yield only c^irbonic acid and water; amyleiic, in addition, 
an ethereal compound which was not i.solatod. 

On oxidation in general, see Comiiustion. On the oxi<lation of organic compounds 
liy chromic and permanganic acids, soc Analysis, Oroanic (pp. 149-153). 

On the formation of cr 3 "stallis<'d oxide.s by ehictrocapi 1 lary diffusion, see li. Becquerel 
{Compt. rend. Ixvii. 1081 ; Z>eiischr.f. Ckem. [2j v. 134). 

OX'S’BXliaOGZiOBZXV’. ,Seo Blood (p. 352). 

OXYHlPPintlC jOlCZB. See IIn>pruTC Acid (p, 700). 

OX'S’X.SPZBSIO’E. See Lupidknk (p. 78 1 ). 

OX'miA.PrBEXiZC A.CT0, T]ii.s name is given by Sclinllzen a. Ricss {ZtUschr. 

/. Chem. [2] vi. 85) to an acid obtained from the urine in a case of acute atrophy of 
the liver, 

OXXnZOltPBZZrB. See Morpiiink (p. 841). 

OXXPZCRZC or STTPHITZC ACZB. C«IH(NO*)®0^— Stenhouso {Chem, 
Soc. J. [2] iv. 236) prepares this acid by digesting 120 pJs. of concentratofl aqueous 
extract of sapan wood for three or four hours with 20 pts. nitric acid of sp, gr. 1 36, 
evaporating the yellow solution to a syrup, and boiling it for four or live hours with 
8 pts. nitric acid of sp. gr. 1'45. After 3 pis. of acid have boon distilled over, the 
residual liquid is gradually stirred up with 8 pts. of cold water, and tJjo separated ,, 
fixj'jticyic acid is washed upon a filter. The crude acid, heatotl to boiling with about 
16 pts. water, is then mixed to alkaline reaction with a concentrated solution of-^ 
potassium carbonate, and the potassium salt, purified by recry stallisation, is docom- 
posed in hot solution by nitric acid. ^ , 

When a cold solution of calcium hypochlorite is mixed with ox^icnc acid, chloro-,. 
picrin^ia given off, as with picric acid, and on heating the liquid, Cfirbon dioxide i# 
likewise evolved ; chloropicrin is also formed by treating oxypicric acid with potassium 
chlorate and hydrochloric acid. The same products, ehh^ropicrin and carbon dioxide, 
are obtained with iodine chloride (Stonhouse). 

Ethyl Oxypicrate, C‘H'(NO')»O^C*H*, prepared in the same manner as thfe picrate 
{q. ».), crystallises from alcohol in nearly colourless laminip, which quickly turn 
orange-brown on exposure to light. It melts at I20'5°; Tolatilises, with partial 
decomposition, at a higher temperature; is insoluble in water, but soluble in alcohol, 

- ■ ■•'fe.; 
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in ether, and especially in benzol. Heated with potash it yields potassium oxypicrate 
and ethylic alcohol (Stenhouso). 

oaETquxiroxrE. C*H^O* = C®H^ I^Q O (Malin, Ann, Ch, Phann. cxli, 345). 
— A compound produced by fusing rufigallic acid with potash : 

C'H*0< + O = + CO*. 

On saturating the product with dilute sulphuric acid, agitating the filtered solution 
with ether, and leaving the ether to evaporate, oxyquinone is obtained in hydrated 
yellowish crystals containing C®H^0“.H*0. After being pressed to remove the brown 
mother-liquor, and recrystallieod from boiling water, it forms soft straw-yellow micro- 
scopic needles, slightly soluble in cold, easily in boiling water, also in alcohol and 
ether, having a faint acid reaction, and not volatile. The aqiieous solution when heated 
reduces silver nitrate and alkaline cupric solutions ; in the dilute state it colours ferric 
chloride violet, afterwards blue-green. Oxyquinonc, like quinone, has but slight 
combining tendencies ; nevertheless it absorbs dry ammonia gas and forms a yelloMnsh 
precipitate with lead acetate. It is not converted into quinone by nascent hydrogen. 

OXYSiribPHOBlSSrzZSS. C'*II'«SO^ = (Glutz, Afin. Ch. Pharm. 

cxlvii. 62; Jahresh, 1867, p. 636), — Produced by the action of strong sulphuric acid 
on crystallised phenol. It dissolves easily in boiling water, also in alcohol and ether, 
and crystallises therefrom in groups of thick noodles, fusible at a moderate heat, 
decomposing at a higher temperature. It unites both with bases and with acids. Its 
a7?imo7iiacal solution deposits short prisms of the salt C'*Il®(NII^)SO* ; the sodium 
salt^ C'*H‘*NaSO^, forms short prisms easily soluble in water and in boiling alcohol. 
The acetate^ C**IP(C*JI'’0)*SOb obtained by heating oxysulphobenzide with excess of 
acetyl chloride to 130^, crystallises from alcohol in needlcvS, decomposing at the boiling 
heat into oxysulphobenzide and acetic acid. Nitro-oxysulphohcnzide, C**lI*'(NO‘)*SOb 
crystallises in sciiles, and forms with tlio alkalis and alkaline earths easily sohiblo 
deep yellow compounds, e.g. C‘*H®Na*(NO*)'-SO* and C’*lPBa(NO*)*SO^. By phos- 
phorus iodide in presence of a little waiter, it is converted into the compound 
C**II\NH-)^SO‘ . 2HI, which forms crystals easily soluble in water and in alcohol; 
caustic soda decomposes it, separating tlie corresponding base as a white precipitate 
quickly turning brown on exposure to the air. 

OBY'VB.Z.BRZC A.CZX>. C'n’W = CTP(On) . CO*H. ValeroIacHc Arul.--- 
Produced by heating bromovaleric acid with silver oxide and water, and purified by 
converting it into calcium salt, precipitating tho latter with alcoliol, converting it 
into zinc salt, find decomposing this salt with hydrogen sulphide. Crystallises by 
evaporation over sulphuric acid in largo rectangular tables, not deliquescent, but very 
soluble in water, alcohol, and ether; melts at 80*^, and volatilises with vapour of 
water, also at 100° in tho air-bath. The sodium, salt, C*II"0*Na, the calchwi salt, 
(C*H®0*)*Ca + H*0, and the zinc salt^ (C*H'’0*)*Zn, are soluble in water and crystal- 
lisable. Tho copper salt^ (C^H^O^X^Cu + H*0, separates on mixing tho calcium salt 
with cupric acetate, in light green prisms which become anhydrous at 170°. Tho 
silver salt, C“IPO*Ag, is a bulky precipitate, separating from hot water in feathery 
crystals (Clark a. Fittig, Ann, Ch. Pharm. cxxxix. 199). 

OZOZSTB. Soret has dotormined tlie density of ozone by comparing its rate of 
diffusion with that of chlorine. Ilis experiments confirm the result previously 
obtained by Andrews (iv. 301), that tho density of ozone is 1^ time as great as that 
4 )f ordinary oxygen {Afin. Ch. Phys. [4] xiii. 267 ; Jahresh. 1867, p. 123). Another, 
hjljt less exact method, depending on the absorption of ozone by oil of turpentine, 
yielded results tending to the same conclusion {A7in. Ch. Phys. [4] vii. 113 ; Jahresh. 

^^865, p. 120). 

. On the properties of ozone and ozonides, see Sch6nl)ein {J, pr. Chem, xcv. 469 ; cii. 
^45, 155, 164; cv. 226; Jahresh. 1865, p. 121; 1867, p. 132; 1868, p. 136). On 
ozone and so-called antosone, see v. Babo a. Claus {A?in. Ch. Pkamn. exl. 348 ; 
Jahresh. 1866, p. 98) ; Weltzien {Ann. Ch. Pharm. cxxxviii. 129 ; Jahresh. 1866, p. 99) ; 
C. Hoffmann (Pogg. Ann. cxxxii. 607 ; Jahresh. 1867, p- 130), 

P. J. Hollmann finds that 1 gram of ozone, in passing to the state of ordinary 
oxygen, gives off 366‘5 units of heat {Arch, neerland. iii. 260 ; Jahresh. 1868, p. 136). 

According to O. Loew f. Che^n. [2] vi. 65, 269), ozone is produced in 

active as well as in slow combustion. Air which had passed through the flame of a 
Bunsen’s burner smelt strongly of ozone, turned guaiac paper blue, and quickly 
separated iodine from potassium iodide. 

On the existence of ozone in the air, see Atmosphrek (p. 233). 
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PJi.CBlfOXiZTS« A reddish-wliite qiiadratic variety of this mineral, of ap. gr. 
2-74 to 2-76, and the hardness of cryolite, was found by ILigemann {SUL Am. J. [2] 
xli. 11 9) to have nearly the composition indicated by the formula 2(|Ca . ^Na*)F* . Al'^F** 

+ 2IFO. On the crystalline form and optical pix>perties of rhombic pachnolite, seo 
Dcscloizeaux {ibid, xliii. 271 ; Jakresh. 18(>7, p. 1009). 

PAXiZCOintSA.. Palicourca MaregraviL a Brazilian rubijiceous plant, conbiins 
as ]>cculiar principles : 1. A small quantity of an oily narcotic acid substance, myoc- 
tonic acid, obtained by distilling the acidulated juice. — 2. Palicouroic acid, an 
iron-grooning tannic acid, insoluble in w^atcr and subliming in needles. — 3, Pali- 
co uri n e, a volatile organic base, forming a crystallisublo nitrate and sulphate.— 
4. Several resins (Peckolt, Arch. Pharm. cxxvii, 93), 

PAZiXiA2>ZirilX. On the separation of this metal from Petersburg platiniim- 
re.siducs, see Ilosslor {Bull. Soc. Chim. [2] vi. 233 ; Jahresb. 18CG, p. 27*5). 

On the occlusion of hydrogen by palladium, sco Casks, Au.souption of (p. 634). 

According to Wohler {Ann. Ch. Pkarm. cxl. 144), tlio quantitative separation of 
palladium from copper is best clfoctcd by j)recipitating the copper as white snlpho- 
cyanate, the solution of palladium chloride being saturated with sulphurous anhydride 
and the copper precipitated by pobis.siiim sulphocyanato. The precipitation of 
palladium by mercuric cyanide is not exact. 

Palladainmonium Salts. — The coloiirlcs.s solution of palladammonium chloride in 
ammonia, which contains tetrammonio-p.alladious chloride, 4NIP . PdCP, or ammono- 
jialliidaminonium chloride, N^[n‘(NIl‘‘)‘Pd"]CI“, gives off ammonia Avhen heated, the 
liquid on cooling depositing a mixture of the chlorides of palladammonium and 
a mmopal lad ammonium. If, on llie other hand, the palladammonium salt bo first 
moistened with alcohol, and then treated with concentrated ammonia, the mass turns 
white, and is converted into the ammop.alladammoninm salt. This latter dissolves 
when heated, and the solution, evaporated at about 90°, first deposits yellow pallad- 
ammonium chloride, together with inonoclinic prisms of ammopalladammonium 
chloride, and finally hone^’-ycllow crystals of hydr.atod patludummoniiim chloritlo, 
N-H“PdCP + Th«'s<^ crystals are combinations of a quadratic octohedron with 

a right four-sided prism. They cflloresce in contact with the air U) opaque pscudo- 
Tuorphs of palladammonium chloride; give off ammonia at 140°; and leave metallic 
palladium wher. more strongly healed. The salt is insoluhh^ in alcohol. The aqueous 
solution quickly decoin poses, especially when heated, dcpo.siting ordinary pallad- 
ainmonium chloride, S^a prceipitutc.s palladaminc witliout evolution of ammonia. 
Acids separate the ordinary yellow chloride (B.iubigny, Ann. Ch. Pharm. Snppl. 
iv, 2 ">3). 

PAILXHXZTZG ACZO. — By treating sodium palmitate witli hypo- 

cldorous acid, a chlorinated oil is obtained, probably dichloropalmitic acid^ which, 
when treated with alcoholic potash, yields a decomposition-product separating from 
alcohol in flat nodules (W. Schlebusch, Ann. Ch. Pharm. cxli. 322). 

PAZiASZTOZtfZC ACZ1>. (Schroder, A7in. Ch. Pharm. cxliii. 22)» 

An acid produced by heating hypogseic dibromide (dibromopalmitic acid),'C’*^II*®Br*Of^>^ 
with alc<jholic potash to 170°~180° in a sealed tube for three or four days. 
product treated with a little alcohol, filtered, diluted with water, and decompO06^i^; 
with hydrochloric acid, yields palmitolic acid ns a crystalline mass, which 
pressed and recrj*stallised from alcohol, forms colourless slender silky needles, 
at 42°, insoluble in water, but easily soluble in alcohol and ether. The acid 
monobasio. Its alkali-metal salts arc obtained by direct saturation and evaporation. 
The potassium and sodium salts are amorphous ; the amm^ium salt forms sinnll 
indistinct crystals. Tlie silver salty C'®II*^0*Ag, is formed, by precipitating an alcoho^ 
solution of the acid with silver nitrate and gradual addition of ammonia, as a white 
amorphous powder easily blackened by light. The barium salt is obtained in ^lilns 
manner, by precipitation with a concentrated solution of barium acetate in 
alcohol, as a white precipitate, which dissolves only in boiling alcohol, and se^MUiibil 
io- the gronulo-crystalliuo form on cooling. The copper salt is a blue-green precifnt^. 
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Palmitolic acid unites with 1 mol. bromine, forming the clibromi(ie, 
(dibrotno-hypogaeio acid); with excess of bromine in sunshine (with partial docom- 
position and evolution of hydrobromic acid) it forms the tetrabromido, 
(tetrabiromopalmitic acid), which crystallises from alcohol in light yellow laniinre. 

- Monohromoimlmitolic acid, C**H''‘U3rO-, is produced by the action of boiling alcoholic 
potash ou monobromo-hypogteic dibromide (p. 727) according to the equation ; 

+ 2KnO = C‘'‘IP’BrO’ + 2KBr + 2Il-’0. 

It has been obtained only in an impure state, as a solid dark brown mass melting at 
31®, heavier than water, soluble in alcohol and ether. 

PAXiMITOXTXilC .A.CZ1>, is produced, together with suberic acid 

and suberic aldehyde, by gradually adding fuming nitric acid to pamitolic acid, 
assisting the action at first by a gentle heat : 

2C’«H2S02 + 70 = + C«n"0* + 

Palmitolic Palmitoxylio Suberic Suberic 

acid. acid. acid. aldeliyde. 

The suberic acid is dissolved out of the product by repeated boiling with water; tlio 
washed residue is dissolved in hot alcohol ; and the lower dark-colour(‘(] oily layer of 
the filtrate, consisting chiefly of suberic aldehyde, is separated after cooling from tlu! 
supernatant yellow solution of palmitoxylic acid. Tlie crystalline mass wliieli 
remains on evaporating this solution, when ]3ressed between filtering-paper and 
rocrystaliisod from hot absolute alcohol, yields pure palmitoxyiic acid in iridescent 
yellowish laminne, melting at 61®, insoluble in wjitcr, easily soluble in alcohol ami 
ether. It is monobasic. The silver salt, C*®H*’O^Ag, obtained from the sodium salt 
bj' precipitation, is white, nearly insoluble in w'ater, turns dark violet when exposed 
to light, and may bo licatcd to IdO® without decomposition. 

PiA-HfATOIMES. Gr. Ilinrichs has endeavoured to reduce the chemistry of tlio 
present day to a system of atomic mechanics, starting from the hypothesis that all 
the elements are formed of a single primary substance, pantogen, tlie atoins of 
which are regarded as material points, and as equal to one anotlier. For the develop- 
mont of the system wo must refer to the original treatise : Atomechanik, odir die Chcmie 
cine Mechanik dcr P(i7iafovte, 4to, Iowa, 1867. A sliort abstract of it is given in tlio 
Jahresbericht fur Chemie, 1867, p. 20. 

PApPAVEltZlirz:. This base has boon re-examined by Hesse {Ann, Ch. Plarin. 
cliii. 76)> who prepares it from the precipitate P, obtained from aqueous opium 
extract, as described under OriUM-nASES (p. 883). This precipitate digested with 
excess of oxalic acid yields cryshillino oxalate of papaverine. It is better, liowcvtr, 
first to dissolve the precipitate in acetic acid, remove thebaine by means of larturic 
acid, precipitate the mother-liquor of the tartrate wdth ammonia, and treat tlm 
resinous precipitate with a small quantity of alcohol, whereby it is gradually con- 
verted into crystals, while an amorphous base passes into the solution. The crystals 
are dissolved in excess of oxalic acid, and the ox;i]ate is purified by repeated erystal- 
lisjition from boiling water, till it dissolves without colour in strong sulphuric acal. 
The oxalic acid is then removed by calcium chlori<lo, and the base is precipitated by 
ammonia, and obtaine<l pure by reciystallisation from hot alcohol. 

Papaverine forms delicate colourless prisms, tasteless, without action on litmus, 
melting at 147°, turning reddish, and finally decomposing at a higher temperature. 
According to Merck (iv. 338), it assumes a deep blue colour when strong sulphuric acid 
is poured upon it. According to Hesse, on the other hand, pure papaverine dissolves 
without colour in strong sulphuric acid at ordinary temperatures, but the solution 
w^n.he?ited becomes dark violet, like a similar solution of codamine or laudiinino 
(fflp*; 480, 774). Papaverine which had not been completely purified by oxalic acid 
dis8«t^^_ in strong sulplmric acid with very dark colour. Papaverine dissolves in 

acetic acid, but does not neutralise it; dilute sulphuric, nitric, or hydrochloric acid 

.a^dded to this solution, produces a milky turbidity and ultimate precipitation of the 
sulphate, nitrate, or hydrochloride of papfivcrine ; the chlorides of sodium and 
cal(uum act in like manner, precipitating papaverine as hj^drochloride ; sodium nitrate 
pi:€Kjipitates the nitrate. With a solution of the acetate of a certain degree of 
dilution, the hydrochloride and nitrate are obtained in fine crystals. Pota.sh and 
soda in the acetate solutum a lo.sinous precipitate, which soon becomes 

■ef’TO^lline, and is insoluble in cxci ss of the reagent. 

dfeftpaverino conUiins, according t' tlie mean of Hesse’s analysis, 71*77 p. c. carbon, 
6 0^ hydrogen, and 4 26 nitrogen, agreeing with the formula (7176 

5*98 Ht and 3 99 N). Former analyses by Merck and Anderson (iv. 338) gave a 
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smaller proportion of carbon (70‘47-7071 p. c.)vle*Miing to the formula OH** 
Hesse’s analysis of several of the salts of papaverine gave results in accordance 
with his formula of the base. These salts dissolve in strong Bul|^uric acid without 
coloration. 

The name papaverine has also been applied by Bescbamps d’Avallon (Ann. Ch» 
Phys. [4] i. 453) to another base (better called pseudopapaverine)^ extracted 
from the dried capsules of Papawr somniferum. It is described as oolourlesi^ 
inodorous, bitter, acid to test-paper ; more soluble in In^t water than in Cold ; insohible 
in ether and in chloroform ; crysUillising from alcohol in short nacreous needles ; 
precipitated from solution in hydrochloric acid by mercuric chloride* A solution of 
iodine in potassium iodide colours it in aqueous solution blue, and forms a brown 
precipitate with the solution in hydrochloric acid. 

PAPAinsilOSIirE- A substance obtsiinod from the same dried poppy capsules, 
after exhaustion with water, by digesting them with alcoliol of 56 p, c., treating the 
alcoholic extract with ether, dissolving the othoroal extract in hydn>chloric acid, and 
repeatedly crystallising the base procipibiUni by magnesia from alcohol. It is colour- 
less, inodorous, nearly tasteless, slightly alkaline ; soluble in alcohol, ether, 
chloroform, hot olive oil, and benzol ; docs not crystallise from ether or chloroform, 
but sepamtes from the other solvents in prisms apparently monoclinic. Strong 
sulphuric acid colours it violet, changing tx) rod when heated, and to dark orange on 
addition of a little nitric acid. Its solution gives a whitish precipitate with platinie 
chloride ; yellow with potassium chromate and with solution of iodine in potassium 
ioxlido ; white with potassio-mercuric iwiide, ammonium molybdate, barium peroxide, 
potassium ferrocyanido and ferricyanido (Bescbamps, loc. cit.). 

PARA. Respecting the moaning of this prefix in the Atiomatic Skuiks, see 
page 798. 

PA&ABAPTXG ACZB, is obtiiinetl in crystals by heating uric acid 

with manganese dioxide and water, and gradually adding sulphuric acid as long as 
any action takes place (Wheeler, liiiil. iSoc. Chim. [2] vii. 521); also by heating uric 
acid with potassium or sodium nitrite, adding sulphuric achl, and evaporating over 
the water-bath (Gibbs, Deut. chem. Gcs. Ber. 1867» p. 311). Parabanic acid beate<i 
with potassium permanganate in presence of sulphuric acid is ultimately converted 
into carbon dioxide and ammonia : C^IBN ‘O* + 2IPO + O « SCO'* + 2NH* (Gibbs). 


PAJtAOOirZC ACXXI. An acid isomeric with itaconic acid, produced by heating 
itamonocbloropyrohirtaric acid with water. (8ce Itaconic Acin, p. 76<*.) 

PARACOUrpCARZC ACXR. C®H*0* (Hlasiwetz, Ann. Ch. Pharm. cxxxvi. 
31).— This acid, isomeric with coumaric acid (p. 198), is extmeted by ether from 
aloes previously exhausted with water containing sulphuric acid. Alter repeated 
ciystallisation from weak spirit, with addition of animal ohareoal, it forms sickle- 
shaped or furcate needles, slightly soluble in cold, more freely in boiling water, tnost 
easily in warm alcohol or ether. It is nearly tasteless, has a strong acid reaction ; 
melts at 179*^-180*^ ; pro<luces a dark golden-brown coloration with ferric chloride in 
alcoholic solution ; does not reduce either silver nitrate or an alkaline cupric solution. 
It is monobasic and forms crystalline salts. C*H/0*(NH*) 4 H^O crystallises in 
monoclinic tiibles ; (OTl-0*)“<^d + in Stcllat/e groups of needles; (CTI^OBH'u 

4 6H*0 in sparingly soluble greenish-blue needles ; C'lPO’Ag is a white bulky 
precipitate. 

Paracoumaric acid is eonvertwl by sodium-amalgam into hydroparacoumnric acid 
(p. 716), and by nitric acid, or by fu.sion with potash, into paraoxybeusoic ajCid,ju8t as 
coumaric acid is converted into salicylic acid (p. 498). . 


PAJRARATXBCXSTXIV. — A compound isomeric with datiscetill fll. 

306) and luteolin, produced by fusing quercetin with pobish, and separated, o» ittpe]> 
saturating the fused mass with hydrochloric acid, as a fioeculent substence, which 
crystallises from very weak spirit in yellowish needles. It dissolves easily and. with'^ 
acid reaction in dilute alcohol, less easily in ether, and is nearly insoluble in water; 
the alcoholic solution is coloured violet by ferric chloride, yellow by potash, turwng 
green in contact with the air, red or red-brown by aqueous chlorine or 
Silver nitrate and alkaline cupric solution arc reduced when heated with it. Hotlw 
with the carbonates of alkaline earths, it yields hydrated salts, ^bich crystall^^lll ^ 
long needles ; the barium salt dried at 100« is (C*HPO-)*Ba 4 2^0 ; the stronlto ^ 
sal% (C*^H»0*)'‘Sr 4 2II-0. Paradatiscetin fused with potash yields phloro^neui, -Im » 
neither qiiercetic nor protocatechuic acid (Hlasiwetz a. Pfaundler, J. pr. Chem*, xoHr* 
66 ^ JhAresA 1864, p. 563). ^ itlf 
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TJkMA TTX M B p See Htdbocabbons (p. 705). 

ViUUllUEliranxr. See Pboteids. 

PA&AJinXBinS. See Amtlenes, Fobtubric (p. 122). 

PA»AO*TBBWBAl«XBl*. C^II^OH) . CONH*.— See Oxybknzamidk (p. 889). 

PAJtAOXYBBlfZOlC ACZ2>. C’H“0* = C’H*(OH) . CO*H. — This acid, 
-originally obtained by the action of hydriodic acid on anisic or methyl-para-oxybenzoic 
acid (iv. 362), is more easily prepared by heating 1 pt. of anisic acid with 3 or 4 pts. 
of potassium hydrate and a little water, till the mixture fuses without frothing, then 
acidulating with sulphuric acid, agitating with ether, and leaving the ethereal solution 
to evaporate (Barth, men. Akad. Ber. liv. [2] 633). It is also produced by the 
following reactions : • • i 

1. By fusing benzoin or acaroid resin with potassium hydrate. The rosin is heate<l 
in a silver basin with three times its weight of potash and a small quantity of water ; 
the mass when tranquilly fused is dissolved in water (4 pts. to 1 pt. potash); and 
the mixture is strongly acidulated with sulphuric acid. Tho liquid filtered from 
unaltered resin is then agitated with three times its volume of ether; the ethereal 
extracts are distilled ; and the residue mixed with a little water is evaporated over 
the water»bath. It then gradually deposits para-oxybenzoic acid, while, in the case 
of benzoin, the mother-liquor retains pyrocatechin, a compound of paraoxybenzoic 
acid with protocatechuic acid, and a substance which crystallises from alcohol and 
turns ferric chloride rod. AcJiroid resin yields by the same treatment a large pro- 
portion of pamoxybenzoic acid (36 grms. from 9 ounces), the ethereal mother-liquor 
retaining pyrocatechin, rosorcin, and the compound of paraoxybenzoic ami proto- 
catechuie acid just mentioned (Hlasiwetz a. Barth, Ann. Ch. Pkarm: cxxxiv. 266 ; 
cxxxviii. 61). — 2. By fusing tyrosine with potassium hydrate (Barth, ibid, cxxxvi, 
110 ) ; 

c®H‘»NO’ + ii^'O -h o « + c*nw + Nn». 

•3. By fusing carthamin with potassium hydrate (Malin, ihid. cxxxvi. 115) : 

+ O = 2C'H'‘0* + 21I'^0. 


Basic barium 'paraoxyhenzoate, C^IFO’Ba, is easily prepared (like the corresponding 
salicylate) by saturating tho acid with barium carbonate, and mixing the solution 
with baryta- water ; it then separates as a sandy cip^stalline powder, nearly insoluble 
in cold water. A corresponding calcium salt (mixed however with acid salt) is 
obtained by saturating the acid with a solution of lime in sugar-water (Barth). 

Paraoxylienaiolc Btliora (Graebe, Ann. Ch. Bhann. cxxxix. 134. Ladenburg, 
tl)id. cxli. 241. Liidenburg a. Fitz, ihid. 247. Barth, J. jrr. Chpn. c. 366).— -Pani- 
oxybonzoic acid, like its isoraerides, oxybenzoic and salicylic acids, is diatomic and 
monobasic, and can therefore form three kinds of ethers, as illustrated by the follow- 
ing formulm ; 

° ( on 

Methylic paraoxyhenzoate C®H* ^ CO^GII® 


Methyl-paraoxybenzoic (anisic) acid ..... 
Methylic Methyl-pamoxybenzoate or Bimethylic Paraoxy - ) 


benzoate 


C®H' 

C*H^ 


\OCW 

ICO^H 

^OCH» 

) CO-CH’^ 


Methylic Paraoxyhenzoate is formed by heating paraoxybenzoic acid, methyl- 
iodide, and potash in equivalent proportions to 120° in a sealed tube : 


+ CH’I 4- KHO = C’H»0®.CH> + Kl + WO. 

On treating the product with water, separating the insoluble portion by filtration, 
dryingrit in the air, and distilling, nearly the whole of the methylic ether passes 
over at 280°, and immediately solidifies. When purified by recrystallisation from 
♦ther, it is quite insoluble in cold water, slightly soluble in boiling water, and sepamtes 
on cooling as a crystalline oil. It dissolves easily in alcohol and ether, and crystallises 
jl^m the latter in large tables. Melts at 17*^ and distils at 283°. Heated with strong 
ammonia to 100° it forms paraoxybenzamido (p. 899) (Ladenburg a. Fitz). 

" litetliylic paraoxyhenzoate is isomeric with several other compounds, as shown by 
tlMi^following formulae : 

Kethylic Paraoxy- Methyl-paraoxy- Pormobenaolc acid, 

benzoate. bouoic acid« 
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C*H» . 0 CH*CO=H CIV I 

( com 

Phenoxacetic acid. Cresotic acid. 

Dimet hylic Paraoxyhen:roafCy Met hylic Methy lparaoxyhcn£oat(\ or 
Methyl Anisale, C**H^(OCK^). 00‘CH*, is formed by heating 2 mol, potassium 
hydrate with 1 mol. paraoxybonzoic acid and 2 mol. methyl iodide : 

4- 2Cnn + 2KIIO == C^H‘(CMP)'^0> + 2KI + 2H»0. 

When separated with water and distilled, it forma a white crystalline mass, melt ing 
at 45°, boiling at 255°, and identical with the ethyl anisate prepared by Cahoiirs 
(i. 301). By boiling with potash it is converted iiit^ mothyl-paraoxyl>enzoic or 
anisic acid. The second atom of methyl cannot bo removed by heating witli ntpieous 
or alcoholic potJiah or by hydriodic acid, the product in either case being, not pira- 
oxybenzoic, but anisic acid (Ladenlmrg a. Fitz). 

Kthylic Varaoxyhensoatey . C^iP, prepared by treating the alcoholic 

solution of tlio acid with hydrochloric acid gas, precipitating with water, drying over 
sulphuric acid, and distilling, is crystalline, molts at 112-5°, boils at 297°-298”, and 
is converted by treatment with soda-ley, or by atlding sodium to ils ethereal solution, 
into solid ethylic sodioparaoxy benzoate, O^ll^ONa) , This latter compound 

is reconverted by hydrochloric acid into othylic paraoxybenzoato ; and by boiling it» 
aqueous solution, it is resolved into alcohol an<l sodium paraoxybenzoate. Its iilcoholio 
solution heated for some hours to 110°— 120° with methyl iodide yields othylic anisate 
(Graebe) : 

c‘H'|co"c^h» ^ 


Diethylic Paraoxybenzoat€yC^li\CHPyO^ =» 

like the corresponding methyl-compound, by heating 1 mol. paraoxyhenzoic ncitl, 

2 mol. ethyl iodide, and 2 mol. }>ot:issium hydrate to 120°, und may bo separated by 
water. It is a colourless oil having a faint but agreeable odour, heavier than W'afer, 
insoluble therein, but easily soluble in alcohol and ether; distils beLw-een 273° and 
276° (Ladcnbuig a. Fitz), 

Kthyl-paraoxyhenzoic , homologous with anisic acid, is 

easily produced by boiling the hist-dcscribo<l other with potash. It is still less soluble 
in water than anisic acid ; ci’ystallises from boiling w'atcr in needles resembling the 
latter; sublimes without decomposition, and incdts at 195°. Ils aodium salt is mode- 
rately soluble in cold wat.er, and separates in woll-dctlncd crystals very much like the 
anisate. The silver C“]l'(0(.'‘^ir'’) . CO^Ag, is nearly insoluble in boiling water, 
and ci’ystallisei- therefrom in long imedles. Tlie calcium salt is a white crysbiHino 
precipitate, which separates from hot waiter in flat needles ; it becomes anhydrous at 
150°, and then consist.s of (C^H^O^j^Ca. The barium salty (C‘'R'’0»y-'Ha, (at 100°) 
resembles the calcium salt and crystiillises fn)m water in laminae ; the lead salt 
exhibits similar characters (Ladonburg a. Fitz). 

Ethyl-paraoxybenzoic ficid is isonu'ric, not only with ethylic paraoxybenzoate, 
ethyl-salicylic acid, ethylic salicylate, ethylic and diniethylic oxybenzoate, but likewise 
with phloretic acid, cresoxjicetic acid, and the acid which (Janiiizzaro obtained by 
the jiction of potash on anisic cyanide, probably methyl- paraoxyalphatoluic acid, 
C«H*(OCH*).CH*CO*H. 

An acid of the same composition is produced by passing carbon dioxide into a 
solution of sodium in cthyl-pbenol. (See Phknolic J-Ithers.) The acid thus prepared 
from solid ethyl-phenol melts at 118°-120°; that from liquid ethyl-phenol at 115°- 
117°. Both are coloured violet by ferric chloride, and yield a soluble bnrium rfalt, the 
acid of which melts at 1 15°-117°. The very great difference of melting jKunt between 
this acid and the ethyl-paraoxybenzoic acid obtjiined by Ladenburg a. Fitz, shows 
that the two are isomeric, not identical ; the acid prepared from ethyl-phenol fit ^ 
perhaps ethyl-metaoxybenzoic acid. This acid is converted by highly concentrate'd 
nitric acid into ethyl dinitrophen«>l, C*H*(NO''')^.OC*II‘ (Beilstein a. Kuhlborg, 
Zeitschr.f. Chem. [2] v. 461 ; Chem, Ceutr. 1870, 46). 

<3»loro<>p4uraox3rbenxolo acid« C’H*C10* = C’H^Cl | prepared 

action of chlorine on silver paraoxybenzoate, extraction with ether, and recrystttij^Vb* 
tion from hot wdter with addition of animal charcoal. Hot- saturated BoliftioBS 
•oUdifjron cooling to a stiff, dazzling white, crystalline pulp ; weaker solutions dej^sit 
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concentric or arborescent groups of silky crystals. The acid dissolves easily in alcohol 
and ether, and in 272*6 pts. of cold water, melts at 187*6° to 188°, and sublimos in 
small transparent needles. Kentral or slightly acid solutions form a red-brown 
precipitate with ferric chloride (R. Peltzer, Ann. Ch. Pkarm. cxlvi. 284 ; Zeitschr. f, 
Chem. [2] v. 226). 

»ibromo-paraoxyben*olc A.cld. C’H^Br^O*. — The ethylic ether of tliis acid 
separates on adding saturated bromine- water to an alcohol solution of ethylic para- 
oxybenzoate diluted with hot water, in white flocks which separate from alcohol in 
short shining needles (Barth, J. pr. Chem. C..366). 

Xodoparaoxybenzolo acids are prrxluced by the simultaneous action of iodine 
and iodic acid on paraoxybenzoic acid ; the best proportions are those indicated by 
the following equation : 

10C’H»O» + 3IO’II 4 - 6P = SC^IPIO* + 6C^H*PO=’ + 9mO. 

The paraoxybenzoic acid is dissolved in hot water in a flask provided with an upright 
condenser; iodine and iodic acid are added in powder; and the liquid is heated nearly 
to boiling for about flvo minutes, and then quickly flittered. X)i-iodoparabenzoic acid 
then remains on the filter, while the mono-iodated acid, contaminated with a small 
quantity of paraoxybenzoic acid separates from the filtrate. The mono-iodated acid 
is purified by repeated crystallisation from hot water, with addition of animal char- 
coal : it first separates in granules, but when nearly pure, in small needles having a 
glassy lustre (Peltzer, he. cit.). It is also produced, thougli not in the pure state, by 
heating paraoxybenzoic acid with pot^issium iodate an<l sulphuric acid : tlie product 
is a resinous mass which when fused with potash is resolved into potassium iodide and 
protocatechtiic acid (Barth ; Pelt/.er). 

Monoiodoparaoxy benzoic add. in the air-dried stnto, contains 2C’n*IO* + 
H^O, Mud gives oif its water at 100°. It dissolves in 676 pts. of cold water, much more 
easily in hot water, very easily in alcohol and ether. It melts at 160°. decomposes at 
192° (iodosalicylic acid does not melt below 196°) ; when very gradually heate<l it 
sublimes, much below its molting point, in silky needles two lines long. The aqueous 
solution forms a dingy brown precipitate with ferric chloride. The 'monosudic salt. 
C*H^I(OII). CO-Na, formed by adding the acid to a hot solution of sodium ctvrbotmte 
in sufficient quantity to produce strong acid reaction, removing the excess of acid l)y 
ether, and strongly concentrating the remaining solution, crystallises in fine efflorescent 
monoclinic crystals, often concentrically grouped. The disodic salt. C*H’I(ONa) . CO’‘’Na 
4- 5H*0, is obtained Ijy adding the acid to excess of liot aqueous sodium carbonate, 
adding a largo quantity of alcohol, and evaporating the filtered solution to dryness. 
On redissolving in absolute alcohol ainl cvaqK>rating in a vacuum, the salt is obtained 
in hygroscopic silky needles, having a neutral reaction, and giving off their water at 
130°. The barinm salt. (C^H^IO-*)‘Ba 7II“0, foims transparent rhombic tables 

having their prismatic edges truncated ; becfmies anhydrous at 100°. The use of an 
excess of barium carbonate does not give rise to a sjvlt richer in barium. The silv^ 
saH. C^H^IO^Ag, is a white pulverulent precipitate nearly insoluble in water, easily 
soluble in ammonia (Peltzer). 

JDi-iodoparaoxybenzoic acid, C’H^PO’ = C®H2p(OH) . CO"IT, is easily puri- 
fied by boiling it several times witli water, dissolving the residue in sodium carbonate, 
precipitating with hydrochloric acid, then dissolving in strong alcohol, decolorising 
with animal charcoal, and mixing the solution with a sufficient quantity of water to 
produce turbidity ; the aei,d is then deposited on cooling in smfill colourless needles. 
It is nearly insoluble in boiling water; dissolves easily in alcohol and ether; decomposes 
when heated, without previous fusion ; and cannot be sublimed. Its two so<Huni salts 
are prepared similarly to those of the mono-iodated acid. The salt C’'H*I*0’Na -f 
7H’^0 forms tufts of delicate, iridescent, efflorescent needles. The disodic salt, 
C'H'’*PO*'Ka* •+• 6H^O, forms transparent rhombic tables: both are easily soluble in 
water. Prom these salts two corresponding si/ver salts are obtained as floc^ulent cur(i\" 
precipitates detonating when heated. The barium salt. C’^H’‘I''0®Ba, is scparsited by 
alcohoLftom its aqueous solution, as a gelatinous precipitate, which dries up to a very 
loose ^ite powder. The calcium salt. C’H*PO®Ca + 2H-0, crystallises from 
concentrated solution in nacreous laminse, easily soluble in cold water. The lead salt, 
0'H‘^PO*Pb, is formed, as a bulky precipitate, with elimination of acetic acid, when 
a sr^tltiotl of the disodic salt is mix^ with lead acetate ; when heated it swells up like 
meTCUric sulphocyanate. Both mono- and di-iodoparaoxybenzoic acid are easily reduced 
by Bodiufii-^amalgam to para-oxy benzoic acid'. The di-iodated acid ds hut imperfectly 
decomposed by fusion with sodium carbonate, even at 209° ; the fused mass assumes a 
ffe^-red colour on exposure to the air (Peltzer). 
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lodo-methylparaoxybemoic or lodauisie acid, OII’IC — 

is produced by heating 4 grms. of anisic acid to 145°— 160® with the quantities of 
iodine and iodic acid corresponding to the equation : 

6Cm^O* + I0=‘H + 2P =* 3H’0 + 6C»HaO». 

The crystallised portion of the pr^xluct contains, besides anisic acid, which may lie 
extracted by boiling water, iodanisic acid and a noii-achl body. The iodanisio lU’id is 
extracted by hot solution of soiiiuni CJirbonate ; the exactly neutralised solution preci- 
pitated by barium chloride ; and the barium salt recrystalliseil frtim boiling water till 
the acid separated from it melts at 234-r)®. The acid is nearly insoluble in boiling 
water, dissolves in 165 pts. of ether at ordinary temperatures, somewhat more easily 
ill boiling ether and in alcohol, and crysUdlises from the two latter in needles having 
a vitreous lustre. Its ammonium salt crystallises in nodular groups of small needles ; 
the sodium salt, C*H*IO*Na + 2II'0, in concentrically grouped needles ; the harium 
+ 3H^O, in vitreous prisms; the calcium salt, ((J"H“10*)‘-*0a + 
311^0, in nacreous laminae. The had salt, (C'*Il‘'IO“)''Pb, (at 100°) is a curtly preci- 
pitate, which cakes together on boiling. The silver salt, C'*ir“IO*Ag, separates from 
l>oiIing water in microcrystalline laminae quickly blackened by liglit. The copper 
and iron salts are brown precipitates insoluble in water (PelLzor). 

sritroparaoxybenzolo and Jkmldoparaoxybenxoio Acids (Barth, too. 
cit.). — The diniiro-acid, CU[^(NO“)“0*, is obt4iined (but not quite free from the 
following compound) by dissolving paraoxylienzoic acid in wnrm nitric acid of 
sp. gr. 1’40, and crystallises from water in stellate groups of yellowish needles, which 
acquire a lemon-yellow colour on exposure to liglit and air. The m&nonitro-acid, 
C'H‘(NO^)0’, which is more easily obtained pure, separates f]*om a solution of para- 
oxy benzoic acid in 1 vol. nitric acid of 1*40 and 6 vol. water, in flush coloured 
crystals, which, after rocrystiillisation, exhibit sickle-shaped fomis under the micro- 
scope, Both these nitro-acids, when treate«i witli tin and hydrochloric acid, quickly 
yield double compounds of the hydrochlorides of the corresponding amido-acids with 
stiinnous chloride. 

Ethylic Dinitroparaoxyheusroate is formed by dissolving ethylic paraoxybenzoato in 
strong nitric acid, and separates on cooling in radiate feathery crystals, and on 
addition of water as an oil which quickly crysbiUises in warty masses ; after recry- 
stallisation from alcohol it forms nearly colourless, very light need I (‘S, wliicli become 
strongly electric by fricti<m. Ethylic mononittoparaoxylnnsoaie, CJ '11^ NO *)0*. 
is prepared by heating the ])araoxybenzoic other with 1 vol. nitric acid of sp. gr. 
1*40 and 6 vol. water, till an oil separates which crystallises on o/>oling. Both those 
nitrated ethers melt below 100°, and solidify in the crystjiiline state on cooling. 

The mononitrated ether reduced with tin and hydrochloric acid yiehls a yellow 
solution, which when freed from tin by hydrogen sulphide, depoKits Cfflourless lamimo 
of the hydrochloride of ethyl amidoparaoxybemoate, C’n*(N}I*)0’(C'^lt“) . ItUl + 

This compound in very dilute solution is coloured blootl-red by ferric chloride, and is 
therefore only isomeric with tyrosine hydrochloride, which does not exhibit this 
reaction. (Bee Tyrosine.) Ethyl amidoparaoxyhenzoate cannot be separated from this 
coHapound, on account of its instability. The mother-liquor of the hydrochloride, 
especially if mixed with hydrocliloric acid, deposits crystals of the hydrochloride of 
amidoparaoxybemoic cucid. This last-montionod conijxjund mixed in mfxieratcly 
dilute solution with sulphuric acid, solidifies to a crystiilline pulp consisting of the 
sulphate of amidoparaoxyhenzoic acid, which when treated with c.old concentrated 
nitric acid, acquires a splendid dark cherry-red colour. Anndoparaoxybenzoie acid, 
C’H^(N1I*)0* + prepared by decomposing the sulphatii with ‘ baryta- water, 

neutralising the filtrate with lead carbonate, and decomp<ising the resulting lead salt 
with hydrogen sulphide, cry.stallises in needles, which decompose even below 100°, 
and appear under the microscope as hexagonal scalenohedruris, often with curved 
faces (&rth). 

»ASATOZ»linX>ZMrB. See Toi,\jidink. 

PA&XZrrs. A silver ore discovered by A. W. Partz in the Blind Spring 
mountains. Mono County, California. It forms dull amorphous masses having a 
conchoidal to uneven fracture, and yellowish-green, blackish-green, or black colour. 
Hardness between 3 and 4. Bj). gr. =« 3*8. Contains 47'65 p. c, Bb^O*, 32*11 CuO, 
6*12 Ag*0, 2*01 FbO, 233 FeO, and 8*29 water 98*51), agreeing with the 
formula (CaO ; Ag*0 ; PbO ; PeO)Bb*0» + SiPO (Aronts, SUL Am. J, [2] xliii. 362), 
A- yellow amorphous ferric sulphate, found, together with 
cerusito and fibroferrite, at Pailli^res, near Alais, in the H^p. du Claxd, on ^ the 
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rubbi8h-he<aps of mines from which argentiferous galena and iron pyrites are 
obtained. Contains 30‘47 p. c. SO*, 46’60 Fo*0*, and 16*04 water, together with 186 
As^O’, 2-40 SiO^, 1‘25 PbO, and 0*89 lime, clay, and manganese (Bergemann, Jahrcsh 
1867, p. 1005). 

JLCTH. — This acid, obtained some time ago by 

Knop, from the lichen Parinelia scruposa or Ftitdlaria scruposa, has been further 
examined by Weigelt {Zeitschr. f. Chmi. [2] v. 298). It does not appear to be 
identical with any of the known lichen acids. It unites easily with bases, and yields 
with cold baryta-water a salt having a transient blue colour. Boiling baryta-water 
decompo.ses it, forming carbonate and oxalate of barium, together with a barium salt 
of a new acid patdlaric acid) possessing, to a certain extent, essentially different 
qualities. Patellaric acid forms two scries of salts, in which 1 and 2 at. li are 
replaced by metals. The formation of the salt appears to require 

the aid of sunshine. Among the decomposition-products of the acid are carbonic 
acid, oxalic acid, and orcin. The lichen contains between 2 and 3 per cent, of 
patellaric acid. The acid is situated between the layers of the outer bark and the 
gonidia, where it was detected microscopically by the reaction with baryta-water. 

PATSCKOUXiX. Volatile oil of patsclioiili gradually deposits a camphor or 
stearoptene, tlie formation of which may bo accelerated by dehydrating the oil with 
calcium chloride. This camphor is homologous with that of Borneo, and has tliu 
compo.sition C’^ll"^') ; vapour density ohs. = 8 00 ; calc. — 7'85. It melts at 
54°-55°, boils at 296'^, and has a sp. gr. of 1051 at 4 5°. It is insoluble in water, 
easily soluble in alcohol and ether, and separates from these solutions by slow 
evaporation, sometimes in large and very well-defined hexagonal prisms terminated 
by six-sided pyramids. The alcoholic solution is Imvogyrate, a solution of 1 grm. in 
6*3 c. c. alcohol in a tube 0*05 met. long producing a deflection of 9*1®. The 
camphor distilled over zinc chloride yields a hydrocarbon, wliich boils at 

248°-252°, and appears to bo couvertwl into polymeric hydrocarbons at slightly 
higher temperatures. The oil from which the camphor has been deposited passes 
over almost entirely between 282° and 294°, has the same comp)Rition as the 
camphor, and yields the same hydrocarbon when treated with zinc chloride. It is 
also laevogyrate, but loss so than the camphor, producing under the conditions above 
mentioned, a deflection of only 3° (H. Gal, Compt, rend. Ixviii. 406). 

PfiCTOXilTTS. The mineral from Niederkirchon, near Wolfstoin in the Rhcin- 
pfalz, CJilled oamelite by Breitliaupt, appears, from a renewed examination by v. Kobell 
(J. pr. Chem. xcvii. 493 ; Jahresb. 1866, p. 935), to have the composition and all tlio 
properties of poctolite. It is intergrown with a brown friable mineral, very similar 
to it in structure, which appears to have been formed from it by the action of water 
and carbonic acid. 

PECTOHS SUBBTiLlVCES (iv. 363). On the preparation of pectin from 
turnips, sec Stiide {Ann. Ch. Vharm, cxxxi. 244 ; Jahresb. 1864, p. 587).* 

On the preparation of nietapectic acid from horse-chestnut bark, see Rochlecler 
{Zeitschr. /. Che7n. [2] iv. 381), Metapectic acid heated w'ith excess of potassium 
hydiMte is resolved into formic and probxratechuic acids : 

= CIPO* a- C’II«0< + H*0. 

The formation of pyropectic acid, 0**11 ’*0®, from metapectic acid, by the action of 
heat, is represented by the equation : 2C®H’®0’ = C**H*“0® + 2CO* + H‘0 
(Ilochleder). 

Scheibler {Beut. chem. Ges. Ber. 1868, pp. 58. 108 ; Zeitschr. f. Chem. iv. 433) 
prepares metapectic acid by hetiting turnip pulp with milk of lime on the water-bat !i, 
decomposing the resulting ctilcium salt with ammonium carbonate, precipitating the 
ainmoniacal solution with basic load acetate, separating the acid by hydrogen sulphide 
(rentoving the last portions of lead, if necessary, by sulphuric acid), and decolorising 
it with' animal charcoal free from lime. The acid thus prepared pt>sses8es all the 
properties of that described by Fremy (iv. 369), excepting that its alkali-metal salts 
are not precipitated by basic or neutral lead acetate in neutral solution, but only on 
addition of ammonia ; and that, instead of being optically inactive, it exhibits a 
very strong laevogjTation, 1 pt. of it being sufficient to neutralise the dextrogyrate 
power of ijpt. dextroglucose. This laevogyrate power is not altered by saturating 
or supersaturating the solution of the acid with alkalis or alkaline earths; but on 
iKjiling the solution with a strong acid, mineral or organic, it quickly diminishes, 

* See also v61. iv. p. 364, In which (line 3 from bottom) read ‘turnips’ instead of ‘radices.' , 
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becomes nothing, and then passes into dextrogy ration, ultimately equal in magnitude 
U) the original Imvogyration. This cluinge arises from the resolution of the meta- 
p<ctic*acid into an organic ^id preci pi table by lead acetate, and a dextrogyrate sugar, 
pectin-sugar: metapectic acid is therefore a glucoside. 

Pectin-sugar, C*H‘*0*, crystallises in long brittle prisms \rith dihedral summits. 
It is less sweet than cane-sugar, dissolves esisily in boiling water, and separates 
therefrom on cooling. At 160® it melts to a transparent liquid, which solidifies to a 
crystalline mass on cooling ; at higher temperatures it carbonises, and gives off an 
acid distillate. It is carbonised by sulphuric acid, and when treated with nitric acid 
yields oxalic but no mucic acid. Alkalis and alkaline earths are dissolved by it, and 
quickly turn it brown when heated with it; the lime-solution is precipitated by 
alcohol. Its dextn^yrate power exceeds that of all other kinds of sugar except 
trehalose and Lactose, and is 1*6 time as groat as that of dextrogliicoso ; [o] = 118® 

for the transition tint. Poctiu-sugar very easily reduces an alkaline solution of 
potttssio-cupric tartrate (Fehling’s solution). From an amnioniacal silver solution at 
100'^ it throws down a speculum of silver. It is not brought into alcoholic formeii- 
tivtion by yeast (Scheibler). 

PEXiAKGOXrzc ACZX>. C'^II'^0*. — The compound of this acid with nitrogen 
dioxide, C"H'®0‘^.N‘'^0*, which Chiozza obtained as a secondary product in the prepara- 
tion of pclargonic acid by the action of nitric acid on oil of rue {Compt. rend, xxxv, 
797 ; Jahresh. 1852, p. 499), nni}' bo prepared, according to Aloxoyeff {Zeitschr. 
Ckem. [2] i. 736), by heating oil of rue with an e(jual volume of nitric acid sp. gr. 
I ‘2. AVhen the action is complete, the oil which separates is washotl with water and 
treated with potash. The liquid diluted with water deposits an abundant precipitate 
of the potassium salt of nitroso-pclargonic acid, which may bo purified by recrystal- 
lisatioii from boiling water. The barium salt obtained by double decomposition has, 
according to Chiozza, the composition (C*H'*0*,N‘'()'*)''^Ba. The silver salt of analogous 
constitution burns with a greenish flame. The acid separated from its potassium salt 
is an oily liquid, which when heated suddenly gives off large quantities of nitrogen 
dioxide mixed with combusLible gases (Chiozza). 


PEZiAROOirZlltZZiS, C«II*‘N, or OCTTZi CTAITZBB, CN.— Seo 

Cyanides, Alcoholic (p. 525). 

PEKINrZJrE. Fellenberg {Jahresh. 1867, p. 992) found for ponnino ; A from 
Rimfischgrat, B from Zermatt, the following percentage composition, whence he 
deduces for A the formula 5(4MgO . 3810-) + 2(3MgO.AFO®) + 20ll“O ; for B the 
formula 3(4Mg0.3Si0-) -i- 2(2MgO.AFO*) + 12H“0 ; 


SIO* 

A1‘0> 

Cr*0* 

Fe’O* 

FcO 

MgO 

iro 

3312 

13-25 

0-00 

1 52 

4-69 

34-04 

12-87 

33 97 

11-66 

— 

2-49 

1 81 

37 ’60 

13-57 


PBnrTABBCASrB. C*‘IP*. Jienyl Hydride .. — This hydrocarbon, obtained from 
American petroleum, has a sp. gr. of 0 825 at 19°, and boils at 258° to 262°. With 
chlorine it yields pentiwlccyl chloride, C'4I*’C1 (Pelouze a. Cahours). When passed 
through ro(i-hot tubes, it is for the most part converted into dccane, C'“1I'** (Vohl, 
Jahresh. 1865, p. 841). 

PBETTABECZIVS. C‘*H''*. Be.nyle.ne . — This hydrocarbon, homologous with 
ethino or acetylene, and rdatod to benic acid, in the same manner as 

quintine or valerylene to valeric acid, is prod viced by heating triarayleno acetate with 
potash : 

C“H»».(C"H»0^)* + 2KUO == 2Cm»0"K- + 2H‘^0 + C>‘H« 

It is a thickish, colourless, faintly smelling liquid, boiling at 23f>°-240°. It unites 
with bromine, producing great rise of temperature, and, if well cooled, without percep- 
tible evolution of hydrobromic acid (Bauer, Ann. <Jh. Pharm. cxxxvii. 240). 

PEPTTAHZStOBZZnB. C’*11'*N. — A liomologue of chinolino (x*curring among 
the higher products of the dry distillation of ciuclionino (C. Or. Williams, Laooraiory, 
i. 109). 

PS&XBOTX* Lechartier {Compi, rend, Ixvii. 41 ; Zeitsehr. f. Cfiem. [2] iv. 606) 
prepares peridotes and pyroxenes by mixing the required oxides with silica, intro- 
ducing the mixture, together with anhydrous calcium chloride, into a graphite crucible 
contained within an earthen crucible, the intervening space being packed with charcoal 
powder, and igniting the mixture strongly for an hour or two. The fused mass wheH 
treated with water leaves the silicate in the crystalline form. For containing 

iron and manganese, a clay crucible is used instead of the graphite crucible, and the 
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iron and manganese are introduced as sesquioxides. In this manner, peridcte, 
2MgO .SiO*, and magnesium-iron peridote, 2(MgO ; FeO) .SiO*, have been obtained, 
agreeing with the native minerals in specific gravity and crystalline form. 

P M tB gA . The oil obtained from the pulp of the ripe fruits of the Avocado pear 
(Persea gratissima) by exhaustion with ether, or by cold pressure, contains 70'9 p. c. 
olein and 21*9 (29T ?) palmitin (Oudemanns, Jahresb. 1866, p. 696). 

PSItXT BA&SABK* The oily liquid which separates on agitating Peru bal.sam 
with potash or soda-ley — called Peru balsam oil by Stoltze, cinnamtin by Freniy 
(i. 497) — may be separated by fractional distillation into three portions, viz. benzyl 
alcohol, C'H®0, passing over at about 200°; benzylic benzoate, CMP, 

the principal portion, boiling at 303°-304° ; and be n zy li ccinnamate, 
passing over at about the boiling point of mercury. The crude oil likewise contfiin.s 
small quantities of free cinnamic and benzoic acids, resulting from decomposition of 
the benzylic ethers by the alkali used in separating it, and equivalent to the free 
benzyl alcohol also contained in it. 

Peru balsam appears to contain only a single resin, yielding by analysis 66'v3 to 
67*25 p. c. carbon, and 6*22 to 6*32 hydrogen (Kraut, Ann. Ch. Pharm. clii. 129). 
This resin, separated from the alkaline solution of the balsam by hydrochloric acid, is 
brown, has a faint odour of vanilla, and when fused with potash, yields proto- 
catechuic acid, together with a little benz»)ic acid (Kachler, Zeitschr. f. CJiem. [2] 
vi. 59). 

BBTAXiOSTXOXUCA. The stem-bark of J^eialogstigma quadrilocularp^ an Austra- 
lian euphorbiaceous plant, contains, together^ with the ordinary plant-constituents, a 
camphoroidal essential oil, and an indifferent bitter principle belonging to the 
glucosides. The ash of the bark (8*3 p. c.) contains 2*94 p. e. NaCl, 2*75 K‘^0, 0-94 
Na^O. 46*23 CaO, 1*43 MgO, 0*05 APO*, 018 Fe^O^, 0 46 MlPO^ 1*32 SO», 0*56 P'W 
2*21 SiO^ and 40*33 CO‘^ (Falco, Chem. Centr. 1807, p. 142). 

P l MK TT i A . Peziza eruginosa, a fungus growing on wood, yields, when treated with 
nitric acid, a dark green solution, from which water precipitates light green flocks of 
a colouring matter identical in every respect with the xylochloeric acid (v. 1060) 
extracted by Fordos from decayed wood (A. Crum-Brown, Proc. Roy, Soc. Edhib, 
V; 439). 

PBUBOXtSTZSr. See Ehubarb. 

PBWbXiTXi AXiCOBOXi. See Cork (p. 496). 

PBSKTACOirZC ACZB. C«H«0« (Carius, Ann. Ch. Pharm. cxlii. 129; Jahrfsb. 
1866, p. 664 ; Z^ifschr. f. Chem. [2] iv. 729; further, An 7 i. Ch. Pharm. cxiix. 257). — 
An acid, isomeric with aconitic acid, pro<Iuced by heating trichlorophenomalic acid 
(formed by the action of chlorous acid, ClUO*, on benzene) with baryta-water: 

2C«H'CPO» + eBaH^'O* = SBaCP + lOH^O + (C«H»0«)^Ba» 
Trichlorophono. Barium 

malic acid. pheuoconate. 

On removing the excess of baryta by carl>onic acid, concentrating the filtrate, decom- 
posing the barium phenaconate with sulphuric acid, evaporating, and rccrystallisiug 
the residue from water, phenaconic acid is obtained in small prisms, needles, or broa<l 
laminee, with an amount of water probably corresponding to the formula C^H^O* . 11*0 ; 
from alcohol it separates in more distinct crystals, probably monoclinic. The crystals 
effloresce on exposure to the air, becoming white like chalk : they give off all their 
water and partially volatilise at 130°, begin to sublime at 170° in acuminated prism-s, 
and when gradually heated may be volatilised completely and without decomposition: 
the vapour excites coughing. When quickly heated to 220°, the acid decomposes, a 
film of water being deposited, from which a new acid crystallises by evaporation, 
the residue being carbonised. Phenaconic acid is sparingly soluble in cold water 
(100 pts. water dissolve 0*672 pt. of the acid at 16*5°), more easily in hot water, also 
in alcohol and in ether. It is but slowly attacked by oxidising agents in acid solu- 
tion ; boiling mVricaciVf converts it into oxalic acid; it does not appear to form a 
nitro-acid. Boiled in ammoiiiacal solution with silver nitrate^ it gradually precipitates 
the silver. ^ 

By kydriodic acid it is wholly converted into ordinary succinic acid * 2C*H*0* + 
H* = 8C*H*0*. 

Heated to about 160° in sealed tubes with bromine., in the pniportion of 2C*H*0* : 
BBi^, and about 20 times its weight of water, it is converted into bromomaleic and 
isobromomaleie acid (see Malkic Acid, p. 797) : 

2C«H«0* + 3Br» = 3HBr + 
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With a smaller quantity of water (6 to 10 pts.) dibromosuccinic acid is 
obtained, together with bromoform, hydrobroniic acid, and carbon dioxide : 

-*■ 3Br2 = C*H'Br20‘ + CHBr* + CO» + HBr. 

When the product of this last reaction is boilcnl with baryta-water, the dibromo- 
succinic acid is converted into paratartaric acid, identical in crystalline form and 
most of its properties with natural racemic acid i 

C^H^Br’O* + 2H^O = 211Br + 

Phenaconic acid is a strong acid containing 4 atoms of replaceable hydrogen. Its 
salts crystallise well, and are mostly composed accortling to the general formula: 

With the alkali-mebils it likewise forms salts containing 2 or 1 at. metal, 
not double salts containing the alkali-metals together witli other metals. These 
saltH^rive off their water of crystallisation botweeii 1 00^ and 1 and decompose at 
higher^'^K^m^eratures, leaving more or loss chaivoal, and giving off acid vapours 
smelling acid, without a trace of products containing less hydrogen. Free 

phenaconic acioltKimt precipiUited by any of the ordinary reagents ; the solutions of 
its ammonium and DJtiiym salts give with ferric chloride a brownish-yellow pulverulent 
precipitate; with cupricacetato no precipitate in the cold, but at the boiling heat 
green gelatinous flocks which redissolvo on cooling. Bilvor nitrate and lead acetate 
slowly added to the solution, produce transient turbidity, and the liquid if then left 
at rest, deposits crystalline phenacoiiato of silver or lea<l ; by an excess of the preci- 
pitant these salts are thrown down iu*the amorphous state. 

The 'potassium salis^ C^il^O^K*, and obtained by precipi- 

tating tlie barium salt with potassium sulphate, or partially with sulphuric acid, form 
hydrated easily soluble cry stills. An acid ammonium salt remains on ovapomting a solu- 
tion of the acid neutralised with ammonia; an ammonio-poiassic salt, C‘'H*0“K(NH*) 
4 - 11^0, is obtained in like manner by saturating the dipAassic salt with ammonia 
and evaporating. The calcium salt, + 411/^0, forms nacreous tjibles 

and laminae like those of the oxalate ; it is soluble in alcohol, and on mpid evaporation 
cry’stallises with 8 mol. water. The barium salt, (C®l£*0'')'‘‘Ba“ + 4ll-‘0, cry sUil Uses 
in tables and laminae, sometimes also in prisms ; dissolves slowly in cold water (100 
pts. water at 17® dissolve O' 9663 pt.) ; more quickly but not more abundantly in hot 
water. The copper salt, C‘'iI^O‘*Cu* + 4ll'^0, separates on evaporating a solution of 
the acid saturated with cupric oxide, as a greenish indistinctly crystalline powder. 
The same salt is obtained in beautiful blue luonoclinic tables on i^vaporating a solution 
containing the constituents of the soluble salt, Tlie lead salt, 

(C*H*0*)'‘‘Pb* (at 120®), prepared as above described, crystallises in oblique rhombic 
tables and prisms. The silver salt forms microscopic tables and prisms, giving off 
water at 90®, and blackening both when he;ited in the dry state and when boiled 
with water (whereby it is abumlantly dissolved) ; it is easily soluble in acetic and in 
phenaconic acid. With ethyl iodide it forms neutral e(hi/i phcnaconaie, C*II*0^ . (C*H*)*, 
as an oily liquid having a faint odour, and distilling without decomposition. The 
same ether is formed by treating phenaconic chloride with alcohol; it is heavier than 
Water, insoluble therein, and lajila at 226®. 

Phenaconic Chloride, C®II’0*.C1’, produced by the action of phosphorus penta- 
chloride on the acid, is a colourless liquid boiling at 166®, and decom^x>sing at 260®; 
it sinks in water and is immediately decomposed tliei eby, reproducing phenaconic 
acid. Vapour-density obs. 7‘62 and 7‘60 ; calc. »= 71162. 

msVETOXi-SIJXiPKlTRXC ikCZS. When phenetol (ethyl- 

phenol) is heated with an equal weight of strong sulphuric acid, the resulting crystal- 
line mass dissolved in water, and the solution neutralised with baryta, a barium salt, 
(C*H^OC®II‘.SO*)®Ba + 4H'''0, separates in Ubular and lancet-shaped crystals, 
nearly insoluble in cold, slightly soluble in hot water. The mother-liquor retains a 
Very soluble barium salt of an isomeric acid, distinguished as phenetolparasulphurio 
odd, the salts of which are all amorphous, and therefore not well characU'rised, Lead 
phenetolsulphate, (C®H*.OC'-'lP..SO*/'‘Pb, obtained by neutralising the acid with lead 
carbonate, crystallises from the concentrated solution in cauliflower-like masses, 
the phenetolparasulphato remaining in solution. Potassium pheTtetolsulphate, 
C*ll*.OC*H*.SO"K + IIH), crystallises in largo silky newlles easily soluble in 
cold water, slightly soluble in boiling alcohol. The silver salt is completely 
decomposed by evaporation, with separation of silver (Opl a. Lippmann, Compt, 
fdttd, Ixriii. 1332). 
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PBBITOXk OH'^0 — C^H^OH. Phenyl Hydrate. Phenyl Alcohol. — This com- 
pound is formed : 1 . By heating anisol with concentrated hydriodic or hydrochloric 
acid to 130^-140® (Gruebe, Ann. Ch. Pharm. cxxxix. 149) : 

C«H*OCH* + HI =- CH*I + C«H»0H. 

2. By boiling the sulphate, nitrate, or hydrobromide of diazobenzene with water 
(Griess, ibid, cxxxvii. 39) : 

C«n«N2.SO'H2 + H^O = SO<H* + N* + C^H^O. 

3. By fusing potassium phenylsulphite with excess of potash (Wurtz, Bull. Soc. 
Chim. [2] viii. 197) : 

C»H\SO»K + KOH = SO*K* + OH^OH. 

4 . By heating acetylene with fuming sulphuric acid, whereby it is converted into the 
acid C^H'^SO^ and fusing the potassium salt of this acid with potash. The acetylene 
is then separated and polymerised, and the polymeric compound takes up oxygen, 
3C*H* + O « C‘*H«0 (Berthelot, Compt. retid. Ixviii. 639). 

The phenol obtaincxi by distilling oxybenzoic acid with lime (iv. 205) is identical 
with that produced in like manner from parabenzoic and salicylic acids, and witli tliat 
obtained from coal-tar (Boeonthal, Zeitschr, f. Chem, [2] v. 627). 

Preparation. — The following method of obtaining pure phenol from coal-tar is 
given by Hugo Muller (Zeitschr. f. Chem. [2] i. 270). The aqueous solution obtained 
by treating coal-tar with caustic soda or milk of lime, or a mixture of the two — 
which contains, besides phenol, certain easily oxidisablo substances, and a not incon- 
siderable quantity of naphthalene — is diluted with water as long as naphthalene is 
thereby separated, and the liquid, which soon turns dark brown, is exposed to the air 
in shallow vessels for several days and frequently stirred. The brown solution is 
then filtered, the quantity of phenol contained in a given quantity of it is determined ; 
and the quiintity of acid required to precipitate the entire amount is calculated 
therefrom. If now J to J of this quantity of acid be added to the liquid with 
constant stirring, the resinous substances altered by the action of the air are first 
precipitated, together with larger or smaller quantities of cresol and xylol. A 
further addition of acid precipitates chiefly cresol, and after a few trials it is generally 
possible so to adjust the quantity of acid that the third and last precipitation shull 
yield nearly pure phenol, which crystallises after a single distillation. As even a 
small quantity of wat6>r prevents the crystallisation of phenol, it is necessary to 
remove this water completely by heating the phenol nearly to the boiling point, while 
& stream of dry air is passed over it. The cr^^stallisation may bo accelerated by 
cooling, or by the introduction of a small quantity of cryshillised phenol. Crude 
phenol, such us is obtiiined from tar-refineries, may be conveniently purified by 
treating it several times in succossion with soda-ley. The first extracts conhiin the 
purer product: the precipitation of the phenol must however be preceded by dilution 
with water and exposure to the air. A perfectly pure product, remaining colourlcsfl 
when preserved, is obtained only when the substances which turn brown by oxidation 
have been completely removed by exposilre to the air. Phenol commonly contains 
a small quantity of a very disagreeably smelling sulphur-compound (phenyl sulphide), 
which m.ay bo removed by distillation oVer a small quantity of lead oxide. 

For the preparation of crystallised phenol, Bickerdike {Chem. Nt'tvs, xvi. 188) 
recommends that the commercial product purified by one rectification be dehydrated 
with 1 or 2 p. c. of anhydrous cupric sulphate. The distillate solidifies for the 
most part at 16°, especially in contact with solid phenol. 

Beaction.s. — 1. An alcoholic solution of phenol is turned brown by an alcoholic 
solution of ferric chloride ; wood-tar creosote similarly treated yields a solution of 
A fine emerald-green colour (Frisch, J. pr. Chem. c. 223 : — Gorup-Besanez, Ann. Ch. 
Pharm. cxliii. 129). — 2. When a few sticks of potash are immersed in a solution of 
phenol in chloroform, the potash becomes covered with a rose-coloured layer which 
gradually dissolves, the liquid becoming very hot and ultimately brown and viscid. 
The first product is a brown amorphous mass, soluble in alkalis, reprecipitated by 
Acids, and apparently consisting of two substances, one of which dissolves very 
easily in alkaline carbonates, less easily in strong sulphuric acid ; this latter solution 
gives with water, a precipitate exhibiting with alkalis the reactions of rosolic acid. 
The other substance is less soluble in alkalis, but dissolves very easily in strong 
sulphuric acid, and is not reprecipitated by water. If carbon tetrachloride be used 
AS the solvent instead of chloroform, no reaction takes place in the cold, but at 189^ 
the liquid Assumes the colour of rosolic acid. When wood-tar creosote is treated in 
the same manner, a very similar reaction takes place, but the product is altogether 
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different, forming with sulphuric acid a deep crimson solution, from which water 
throws down a green precipitate. Moreorer, the products obtained as above from 
phenol colour silk and wool brown in alfciline solution, whereas those from creosote 
exliibit no tinctorial power (C. Crump, News, xx, 126). 

3. Potassium pet^manganate is immediately decolorised by aqueous phenol, and if 
the permanganate be added till the colour no longer disappears, the only products are 
carbonic and oxalic acids ; by incomplete oxidation there is formed — besides a resin 
very near to phenol in composition — only oxalic acid in determinable quantity, 
together with extremely small quantities of resinous and syrupy bodies (Tollcns, 

Chem, [2] iv. 71 •'i). 

4. Flienol-vapour passed over heated is easily reduced to benzene, together 

with small quantities of liquid and solid secondary products of higher boiling point. 

h. Phenol heated with carbon dioxide under strong pressure yields crystals 
resembling rock-salt, of a compound probably containing BCHPO, CO'* (Barth, Ann, 
i:h. Pharm. cxlviii. 49). 

6, Plionol dissolves easily in an equal weight of strong sulphuric odd, producing 

two isomeric acids, C®H^(OII) . distinguished as phenyl-pamsulphiiric and 

y.luinyl-mct'isulplmric acid (Kokulf;, Zeitschr. f. Chem. [2| iii. 197) (see p. 923). 
\\’heu 2 pts. of crystallised phenol and 3 })Ls. hydnigen sulpliate are heated for throe 
(jr four liours to 160°, and the viscid product is poured into cold water, crystals of 
oxysulphobenzlde, C’^^IP^SO^ (p. 894), are deposited (Glutz, Ann, Ch. Pharm. 
cxlvii. f)2). 

7. Phenol heated to 15(>° for tliree or four hours in sealed tubes with sulphurgl 
chloride is converted chiefly into monochlorophonol (Dubois, Zeitschr . /. CJiem, [2] ii, 
703) : 

c«H«o + so^cp = nci + SO* -f c^jpcio. 

8. According to Glutz (Ann. Ch. Pharm, cxliii. 180), a mixture of equal parts of 
phenol and pkosphxirus pcntachloride lieated to 100° for about throe hours, and then 
distilled over the open fire, yields a large quantity of chlorobenzene or phenyl chloride, 
CGPCl, No phosphorus oxychloride is obtaincKl, becjiuso it reacts with the phenol io 
such a manner as to form triplionyiic phosphate : 

3C»h«o + pocp = snci + po‘(C»u^)». 

Otto (ibid, cxlvii. 317) obtained by the SJimo process only a very small quantity of 
phenyl chloride (compare iv, 390). 

9, On adding phosphonc anhydride to pure li(jnefie<l phenol, a viscid syrup is 
formed, which, after standing for 24 hours at 40°, contains mono- and di-phenylic 
phosphate (Rembold, Zdisdir. f. Chem. [2] ii. 651). — 10. Phenol distilled with 
pulverised phosphorus pentasulphide yields phcuyl sulphydrate, C^H^Sll, and phenyl 
sulphide, (C®D ’)*S (Kekul6 a. Szuch, Compi. rend, Ixiv. 752). 

On the constitution of the compounds of phenol with bases, sec JRomei (Bull. Soo, 
Chim. [2] xi. 120 ; Zeitschr. f. Chem. [2] v. 383). 

Brotnoptaenol* (Kbrnor, Ann, Ch, Pharm, cxxxvii. 197). — Monohromo- 
phenol, C“H*Br01I, originally obtained by Cahours by distilling bromosalicylic acid 
with baryta, is also produce<l when air saturated with the vapour of 160 pts. bromine 
is passed into 94 pts, of cooled phenol (on pas.sing the hydrobrumic acid thereby 
evolved into water, the solution deposits after a while fif)cl^ and tliroads of nearly 
pure tribromophenol). The still impure monobromophenol remaining in the flask is 
washed with dilute soda-ley, reprecipitJited by dilute hydrochloric acid, and the 
separated oil, after washing with water, i.s distilled under reduced pressure. The same 
compound may bo prepared more quickly, though with greater loss, by carefully 
mixing a cooled solution of phenol in 6 to 8 pts. carbon bisulphide with bromine, and 
after removal of the solvent, purifying the product hy distillation as above, 

Monobromophenol is a colourless oily liquid, of sp. gr. 1’6G06 at 30°, and boiling 
at 132° under a pressure of 22 mm., or at 118° under a pressure of 9 mm. It does 
not solidify at — 18° ; is very easily coloured brown by dust, &c. ; Ims an unpleasantly 
penetrating odour; instantly produces a w'hito blister on the skin; is insoluble in 
Water, but dissolves in all proportions of alcohol, ether, benzol, and carbon bisulphide. 
It unites with alkalis, forming salts which are very soluble in water. Heated with 
alcoholic potash to 160°~180° it forms potassium rosolate, and with a large excess of 
potash, also phenol. Heated with 1 mol. sodium hydrate and. methyl iodide to 
100°-120°, it is converted into methylic monedmmo^henate, C®H*BrO . OH", a colourless 
mobile liquid having an ethereal odour, a burning aromatic taste, and boiling at 
223° (coTT.y 
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Dihromo phenoh C*H*Br*OH, is prepared in the same manner as monobromo- 
phenol, using the requisite quantities of the materials, and collecting apart the 
portion which distils at 154° under a pressure of 11 mm. It forms a crystalline 
mass having a satiny lustre and unple^isant odour, melting at 40°, and subliming 
even at ordinary temperatures. It distils quite undecomposed under reduced pressure, 
and for the most part also under the ordinary pressure ; is nearly insoluble in water, but 
dissolves ejisily in alcohol, ether, benzol, and carbon bisulphide. By nitric acid it is 
easily converted into picric acid. Its potassium salt forms white deliquescent nodules. 
Methylio d^bromoyhmate^ produced by heating dibromophenol to 100°-120° with 
caustic soda and methyl iodide, is identical with that which Cahours obtained by the 
action of bromine on anisol. It melts at 50°, boils at 272°, and crystallises from 
alcohol in nacreous scales, after fusion and partial cooling in large highly lustrous tables. 

Tribromophenol^ is easily formed by dropping bromine into 

phenol cooled at first, but afterwards gently warmed, as a crystalline mass, which 
when recrystallised from hot alcohol with addition of a little water, forma long silky 
needles, melting at 95°, easily subliming, nearly insoluble in water, easily soluble in 
alcohol, and uniting with bases to form salts, some of which crystallise well. 

Tetrabromophenol^ C^HBr^OH, is pwxluced by heating pure tribromophenol 
with 1 mol. bromine to 170°-180°, and after repeated crystallisation and sublimation 
of the portion of medium solubility, forms concentric needles which melt at 120°, 
and dissolve very easily in alcohol. 

Pentabromophenol^ C“Br^OII, is obtained by heating tetra- or tri- br>mophcnol 
with excess of bromine to 2I0°-220° for several days, washing the product witli 
water, and recrysbvllising it from cjitbon bisulphide. It dissolves but slowly in 
alcohol or carbon bisulphide, and crystallises from the latter in large adamaiitino 
needles, from tlie former in concentrically grouped needles, which melt at 225°, and 
sublime without decomposition when cuiutiously heated. With strong nitric acid it 
forms bromopicrin and bromanil, C^Br^O* (Kdrner). 

Ctiloropbenols. Monochlorophcnol, C^JL*Q\0YL,\^i prepared: 3. By slowly 
passing chlorine into well-cooled phenol (600 grins.), distilling after about twelve 
hours, collecting apart the portion which goes over between 215° and 225°, and 
rectifying. — 2. By the action of sulphuryl chloride on phenol (p. 907). It is a white 
crystalline body having a penetrating odour, molting at 41°, boiling at about 220°, 
aolublo in alcohol, ether, benzol, and aqueous caustic alkalis, but not in alkaline 
carbonates (Dubois, Zeitschr. f, Chem. [2] iii. 205). Bahr-Predari {ibid. vi. 246), by 
passing chlorine into phenol mixed with a little water and cooled with ice, washing 
the product with weak potash-solution, dehydrating with calcium cliloride and 
anhydrous cupric sulphate, then filtering and fractionating, hjis obtained a mono- 
chlorophenol melting at 8*5° and boiling at 220°. Heated with potash to 190°, it 
appears to yield hydroquinone. 

Dichlorophenol^ C®H*CP.OH, previously known only as an oil (iv. 392), is 
obtained by passing dry chlorine into phenol, repeated fractional distillation, and 
recrystallisation from benzol, in colourless slender six-sided needles several inches 
long, exhibiting a pale reddish tint when dried and viewed in mass. It melts at 
42°-43°, boils at 209°, and does not therefore appear to correspond with monochloro* 
phenol (which boils at 220°). It is nearly insoluble in water, but dissolves very 
easily in alcohol, ether, and warm benzol. It has an unpleasant odour, volatilises 
with vapour of water, and expels carbonic acid from alkaline and earthy carbonates 
when boiled with them in presence of water ; in the cold, however, it is separated 
from these solutions by carbonic acid. Its amTnonium salt, C*H*CPO(NH<), crystallises 
from a hot solution of dichlorophenol in strong ammonia, in colourless shining 
needles ; from dilute solutions in tables apparently rhombic. The pota^ium salt 
forms thin colourless rhombic tables, quickly becoming greyish-violet on exposure to 
light, especially when moist, easily soluble in water and alcohol, giving off the free 
acid even at 70°. The silver salt is a yellowish amorphous precipitate, quickly blackening, 
even in the dark. The lead salt (probably basic C“H*CBO . Pb . OH), precipitated from 
the solution of the ammonium salt, is white and amorphous. The ethylie ethr, 
C*H*CPOC2H*, obtained by boiling the potassium salt with ethyl iodide, precipitating 
with water and rectifying, is a colourless oil boiling at 226°-227°, nearly insoluble in 
water, miscible in all proportions with alcohol and ether (F. Fischer, Zeitschr. /. 
Chem. [2] iv. 386). 

AnoDier modification of dichlorophenol is obtained by passing nitrous acid vapour 
into a cooled mixture, of dichlor-orthoamidophenol sulphate (p. 913) and dilute sulphuric 
acid, whereby diazodichlorophenol sulphate is separated as a light brown c^stalliue 
powder ; heating this powder with water and sodium carbonate ; and distiimng the 
product with sulphuric acid. Dichlorophenol then separates from the die^Ulate in 
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slender colourless needles (sometimes also as a faintly yellow oil) very slightly 
soluble in water, miscible in all proportions with alcohol and ether, having a dis- 
agreeable pungent odour, melting at 65°, and boiling between 218° and 220° (tikjifart, 
Zeifschr. f, Ckitn. [2] v. 450). 

Trichlorophenol, C*H'^Cl*OII (ir. 392), produced by the action of dry chlorine 
on melted phenol, melts at 67°-68°, boils with slight decomposition at 243’5° to 
214 5°, volatilises with vapour of water, and exhibits an acid reaction in alcoholic 
solution. Nitric acid converts it into dichloroquimnie *. 

C‘'H»CPO + NO’II = HCl + NO-II + C^H^CFO®. 

The salts produced by boiling trichloropbenol with the carbfiimtes of the alkalis 
and alkaline earths have an alkaline reaction, and mostly give off trichloropbenol 
when gently heated. The iMiassium salt, 2C"1I‘C1*0K ■+• is easily soluble iii 

water, and crystallises in cauliflowcr-liko masses, appearing under tlio microscope as 
furcate groups of capillary needles. The ammonium salt, (’*IFCr'()(NlF), crystalliseB in 
large somewhat sparingly soluhlo needles. The rather sparingly soluble hurium «o//, 
((Mr''CPO)“Biv + 4ir-0, oryst{»lIiBe.s in radiate groups of lamimu, which give off 
tlieir water at 140°. The easily soluble nuupimum salt, (CildJh'Oy'Mg + 21F<), 
crystallises with difficulty in circularly groupe<l pointed needles. On mixing tho 
alcoholic solution of trichlorophenol with neutral lead acetate, a basic lead salt, 
2fO'‘H‘^Ol*0)‘^Pb.PbO, separates in the erysUilline form, while tho normal salt, 
(C®H‘'^Cl*Oy''Pb, which crystallises in slender prisms, remains in solution. The sihir 
salt, C*H^(JPOAg, is a yellow amorphous precipitate. The eihylw ether, 
formed by boiling the potassium salt with ethyl iodide, crystallises in white prisms, 
melts at 43°-44°, boils at 210°, and is c<)j»verte<l by a mixture of sulphuric and nitric 
acids into a bexly which crystallises in tuft.s of needles melting at 53°-54° (A. Pauet, 
Zeitschr. f. Chem. [2j iii. 727). 

Zodophenolc. Scluitzonberger a. Songenwahl obtained these coniffounds by tha 
action of iodine chloride on phenol (iv. 394, 400). Korncr (Ami. Ch, Vhnnn. cxxxvii, 
197) has prepared mono- and tri-iodophenol by treating phenol wit h iodine and iodic 
acid, in presence of free alkali and a dilute solution. Mono-iodoyheMolf 
OH, is prcwlnced, according to the equation ; 

5C«II*OII + 2H + lOHl = 31PO + SCHI'IOIT. 

The iodine and iodic acid are first dis8oh'e<l in tho rcquireil })roportion» in dilute 
potash, the phenol is then added, ami the liquid, while eonsiautly stirred, is B\tpor‘» 
saturated with dilute hydrochloric acid. Tlio precipitated oil, which contains mono* 
iodophenol, with a small quantity of tho Vri-imlabtd com|Mnin<l, is w'ashed with water 
containing alcohol, and again precipitated from alkaline solution by hyilrochloric 
acid. It is colourless, solidifies at low lenipera lures, has a strong disagreoable (slour, 
and unites with alkalis, forming salts which arc insoluble in concent rated alkali, arut 
are decomposed by carbonic acid. Tri-iodopbenol, yirepared like the 

preceiling compound with the required proportions of the materials, separates on 
acidulation with hydrochloric acid, as a groyish-wliito flocculent mass, and crystallise# 
from alcohol of 5U p. c. in interlaced needles, or in large flattened needles like those 
of benzoic acid. It has a faint but unpleasant o<lour, melts at 150°, and documpose# 
when sublimed. 

Mono-iodophenol (prepared as above), adde^l to melting ranstic poissh mixed with 
so much water that it melts at 165°, is convorted into a mixture of the isomeric 
compounds pyrocatechin and hydriKphnonc, ('“11*0^. tlio latter in tho larger proportion, 
the change consisting in the replacement eff I by HO. On precipitating *with hydro- 
chloric acid, agitating with ether, and evaporating, there remains a mixture of 
pyrocatechin and hydroquinone, which m.ay be separated by preeipitet.ion with lead 
acetate (not in excess), the hydroquinone then remaining in solution. 

Mono-iodophenol is likewise obtained, by a series of transformatirms, from nitranilino, 
namely, by converting this compfiund into diazonitrohenzene sulyhati; (iv. 448) ; this 
latter into ioflonitrohenzene by tho action of hydriixlic acid; + HI 

*= 0“H^(NO*)I + ; this into dmzo-i<xlobenzeno by tho action of nitrous acid; 

and the diazo-iodobenzene into iwlophenol by boiling its nitrate or sulphate with 
vater; + IHO =» C'lIHO + N*. 'The iodophenol thus obtained fMm 

nitranilino is coDVerted by melting potash wholly into hydr<s{uinone ; and that 
prepared in like manner from j9 nitraiiiline or paranitraniline (ir«im dinitrobenzene) 
yields the isomeric compound resorcin, 1 here are therefore three mmliflcations of 
n)ono-iodophenol, yielding by substitution of HO for I, the corresponding modifica- 
tions of oxyphenol: viz. ortiio-imlophenol (1:2), yielding hydroquinone; meta- 
iodophenol (1 : 3), yielding pyrocatechin ; and pnra-iOfJophenol {l : 4), yielding resorcin.' 
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Tho iodophenol obtained by the action of iodine and iodic acid on phenol ig a 
mixture of ortho- and meta-iodophenola, the former predominating (Korner). See 
Aromatic Skribs (p. 198). 

Hlasiwetz a. Weselsky AJcdd,. Hct, lx. 290 j Ch&tn. OentT. 1870, 63) 

prepare mono- and di-ir^dophenol by tho action of iodine on phenol in alcoholic 
solution, in presence of an easily reducible metallic oxide which yields an insolaltlo 
iodide (mercuric oxide). For mono-iodophenol tho proportions are those indicated by 
the equation ; 

2C«H«0 + HgO + 1* ^ 2C«1I"I0 + Ilgl* + H^O ; 

but even when these proportions aro exactly observed, di-iodophenol is al^^ys formed 
at the same time. The mono-iodophenol is found chiefly in the alcoholic filtrate ; 
the di-iodophenol remains mixed with the mercuric iodide, and may bo dissolved out 
by dilute solution of potassium carbonate, and procipitiited by hydrochloric acid. 
The mono-iodophenol obtained by evaporating the alcoholic liquid yields by decom- 
position with potassium hydrate, chiefly resorcin (with a little pyrocatcchin), and 
therefore consists mainly of para-iodophenol. 

For the preparation of di-iodophenol tho best proportions are indicated by tlio 
equation : 

C"n«0 + HgO P = C«H^PO + Hgl^ + H^O. 

Crystallised from weak spirit, it forms colourless or slightly greyish, soft, felted 
crystals, having a silky lustre, and a faint hut persistent odour, like that of mono- 
iodophenol; it dissedves easily in alcoliol, ether, and carbon bisulphide; sublimes; 
melts at 150*^; and decomposes at a higher temperature. It is not decomposed by 
boiling with aqueous or alcoholic potash solution, but when fused with potassium 
hydrate it yields a considerable quantity of a brown viscid uncrystallisablc substance 
containing a small quantity of pyrocatcchin. 

icritroplieiiolsa Tlio crystalline and leas volatile modificiition of^ mononitro- 
phenol called isonitrophenol, whicli Fritzsche obtained by the action of nitric acid on 
aqueous phenol (iv. 395), is converted by reduction into an amidophenol, which, when 
oxidised with potassium chromate and sulphuric acid, yields largo quantities of 
' hydroquin one ; it is therefore orthonitro phenol (1 ; 2). Tlie dinitrophenol 
prepared from this compound is identical both with that obtained from the more 
volatile n^ononitrophenol (iv. 394), and with that which Griess obtained by heating 
diassddinitrophenol in alcoholic solution. In like ^manner the two modifications of 
mononitrophenol yield only one and the same trinitrophenol, or picric acid, melting at 
'122*6° (Korner). There is at present no eviderict; to show whether the more volatile 
* KlOhonitrophonol belongs to the meta- or the para- series; it is therefore more 

convefii'ent still to distinguish the two known modifications as- nitro- and iso-nitro- 

phenol (Korner, Zcitschr. /. Chem. [2] ii. 662, 731 ; Bull. Acad. Belg. [2] xxiv. 166). 

Mononitromethyl-phciiol or Monotiitrunisol, C*H^(C11*)(N0^)0, torraed hy the 
action of methyl iodide in excess on the silver salt of nitrcphcnol, is a yellowish 
f^rant oil boiling at 265*^; it solidifies at 0°, melts again at 9°, has a sp. gr. of 
1*249 at 26°, and volatilises easily with vapour of water. Isonitromctkyl-phevol or 
/sumlframW, prepared like tho preceding from silver isonitrophenate, crystallises in 
. large rhombic prisms, melting at 48°, boiling at 2r)8°-260°, and likewise volatilising 
with vapour of water. Bolh these compounds are also produced by direct nitration 
of anisol (Brunck, Zeitschr. f. Chem. [2] iii. 202). 

Monoamidomethylphenol or Anisidine, C®H*(NH*)(CH*)0, produced by reduction of 
nitranisol with tin and hydrochloric acid, is a colourless oil, which remains liquid 
below 0°, boils at 216®, and has a sp. gr. of 1108 at 26° The hydrochlorKle, 
C*II^(NH*)(CH*)0 . HCl, crystallises in easily soluble rhombic tables. Jsoamido- 
mcihylphenol or Isanisidme, C«H<(NH2)(CH=*)0, ci^^stallises from alcohol or ether m 
colourless prisms, melting at 52°, and volatilising without decomposition. The 
hydrochloride forms easily soluble prisms (Brunck, loc, cit,). 

Dinitrophenol. C‘‘H'(NO*)*0.— This compound is best prepared by gradually 
adding a very strong aqueous solution of phenol to commercial nitric acid (sp. gr. 11)< 
with constant agitation, till the action becomes feeble. Dinitrophenol then separates 
in considerable quantity, and after washing with water and crystallisation from alcoho 
and water, forms thin faintly yellow tables and laminae, or (from water) nearly 
colourless, fibro-laminar masses. It volatilises at 70°, passes over also with 
of water ; dissolves in 21 pts. water at 100°, in 197 pts. at 18°, and in 7261 pts. at 0 . 
Its silver salt, 2OH’'(N0=*)*0Ag + H»0, forms yellow needles, blackened by light, 
insoluble in ether, slightly soluble in water and alcohol, detonating violently when 
heated. The mercuric saXit obtained by precipitation, forms slightly soluble yellow 
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needles. The ferrte s€ilty obtained in like manner, crystallises in fpreen lamin» 
moderately soluble in water. The nickel salt, [C*H®(N0*)'‘*0]*Ni + 8H‘*0, forms 
irreen needles. The manganous salt, [C*H*(N0-)*0]-Mn + SH'-'O, crystsUlises in tufts 
of rose-coloured easily soluble needles. The qumine salt, C*'H^(N0'‘)’‘0 . 

+ SH^O, is insoluble in ether, nearly insoluble in water, slightly soluble in alcohol, 
and crystallises from the latter in tufts of long orange-colouretl needles, or from water 
in light yellow laminar masses. The ttkylic ethtr (dinitrophenotol), C*ll’(N0-‘)‘-‘0 . C'-'il*, 
formed by heiiting the silver salt with ethyl iodide, crystallises from alcohol in nearly 
colourless n^dles blackened by light (compare iv. 399). The methylio eihr (dini- 
tranisol), C*'H^(NO“)^O.CIP, forms long very slender needles ; the amylic ether is a 
heavy colourless oil. Urea dinifrophenate forms indistihctly crystivllino masses. 
Naphthalene dinitrophenate, C‘*H^(N0‘^)*0 crystallises from a s<ilution of the 

two bodies in alcohol or benzol, in yellow ntHnllos. It is soluble in ether and in hot 
water, and crystallises from the latter in niiicn:)SC.opic colourless needles. By prolonged 
boiling with water, it is decomposed, with continuetl evolution of naphthalene 
(Oruner, «/. pr. Chew,, cii. 222). 

Trinitrophenol or Picric Acid. C'*1I*(N0^)*0. — Pure picric acid molts, accord- 
ing to Korner, at 122'5°; the commercial acid betw'een 114° and 116°. 

Casthelaz {Chem. News, xv. 140) describes a process for the testing of commercial 
picric acid, founded on the fact that the pure acid is soluble in ether and in benzol, 
whereas the impurities (oxalic acid and various salts) are insoluble in those liquids. 

Picric acid digested with a concentmted n<iueous solution of iodine chloride is con- 
verted into chloropicrin and chloranil (Stenhouse, Chem. Soc. J. [2] ii. 366). Under 
other circumstances it is converted by the same reagent into chlorodinitrophonol 
(p. 913). 

The following metallic picrates have been examined by D. Miiller (Poyy. Ann. cxxiT. 
103) « X] : 


Manganous salt, 
Cupric salt, 
Cadmium salt, 

Ferrous s«ilt, 
Sodio-inagnesic salt, 
Sodio-ferrous salt, 
Sodio-cobaltous salt. 
Sod io- nickel salt, 
So<lio-zinc salt, 


Sodio-cadmic salt. 

Aluminium salt, 
Ferric salt, 


(C*II*X^O)2Mn -f 611^0, light yellow rhombic crystals, 
(C**lPX^(>)^Cu -f IGU'O, green quadratic crystals. 
(C*H^X*0)*Cd 4- TII'O, light yellow rhoml>ic crystal*. 
(C‘IPX>0)'^Fo + 51VO, |l'>KUt^V'rown^crystulsp«rm,inent 

UC^H'^X^’Oy-'Mg > oTT2n 5 yellow cauliflower-liko crystalline 
j3C«H‘^X’OXa 5 '*■ i groups. 

| 6 C«H-^x 4 )N!r( „ 

UC^H-^XH>y^Ni I 

(6C*IPXH)Na i ^ M »» M 

j(C«IPX»0)%l 

joC«IPX“ONa \ »► 

3(C«H2X»O)*0d{ 

jeC^H^'X^ONa \ ” 

4 C'‘J 1 *X'’ 0 . AlMP + 16IPO, yellow needles. 

4C>'^ll2X>O.AFO» -h 16IPO, mldish-ycllow needles. 


1 pt, of potassium picrafe requires for solution : of water, 273 3 pts. at 0°, and 440*8 
pts. at 20° ; of alcohol, 1138 pts. at 0°, and 735*6 pts. at 20° (Frisch, J. pr. Chem. 
c. 229). 

Picrateqf Trietkylrosaniline one of the varieties of aniline green (Alfraisso, Pingl. 
pol. J. clxxxvi. 324 ; Jahresh. 1867. p. 964), 

hZthyl Picrate, C‘‘H'^(NO'‘')®0. C*H*, is easily obtained by digesting dry silver picrato 
(prepiired by mixing a hot solution of picric aci<I with silver carbonate, Vxjiling for a 
few minutes and filtering) with five times its weight of ethyl iwlide at 100°, distilling 
off the excess of the latter, and repeatedly treating the residxio with hot alcohol. 
The ether, when washed and repeatedly crystallised from alcohol, fornis slightly 
yellowish needles an inch or two long, becoming darker on ex|H>sure to light. It is 
somewhat soluble in hot water, also in ethyl irslide, common ether, carbon bisulphide, 
and benzol ; melts at 78*5°, solidifies at 73°, and decomposes with slight detonation 
at a higher temperature (11. Muller a, Stenhouse, Chem. *9oc. J. [2j iv. 235). ^ 

Picrates of Hydrocarbons.— P\ct\c sicid, as alrea/ly shown by Fritzscho (iv. 405). 
affords characteristic reactions for the detection of certain hydr^>carbons, kor this 
purpose it is convenient to use an alcoholic solution of the acid saturated at 20°— 30°, 
either: (1) add the hydrocarbon to the cold-saturated alcoholic solution; o* 
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(2) mix the picric acid solution with a hot alcoholic solution of the hydrocarbon ; or 

(3) dissolve the hydrocarbon, with aid of heat, in the picric acid solution. The following 
combine under these circumstances with picric acid : Naphthalene is the only solid 
hydrocarbon whose cold-saturated alcoholic solution is precipitated by picric acid. 
The compound forms delicate stellate groups of yellow needles, easily soluble in 
alcohol. Retene treated by method 2 or 3 forms similar needles of an orange-yellow 
colour. Anthracene also forms ruby-coloured needles still more soluble than the 
preceding; the red alcoholic solution is decolorised by addition of a little more 
alcohol. Other hydrocarbons contained in crude anthracene exhibit the sj^me reaction, 
which appears to be peculiar to anthracene and its liomologues. The hydrocarbon 
boiling at 260° which exists in crude anthracene, likewise forms, when dissolved in 
the alcoholic solution of picric acid at the boiling heat, a compound crystallising in 
orange-yellow needles. Chrysene forms a granular yellow precipitate, obtainable 
only by method 3, and consisting of microscopic needles united in scales. In presence 
of benzerythrene the scales pass into brown spherical groups of needles. Benzerythrene 
boiled with an alcoholic solution of picric acid deposits brown-yellow flocks on cooling, 
Tl^e forms of these compounds, wheji examined by the microscope, are characteristic of 
the individual hydrocarbons, and easily distinguished from tliose of picric acid itself, 
which sometimes separates out; they may also be obtained with mixtures, inasmuch 
as these mixtures, excepting that of chrysene and benzerythrene, still yield the picratea 
of the several compounds contained in them. In mixtures of hydrocarbons all of 
which combine with picric acid, the separation may in many cases be eifected by 
fractional precipitation (Berthelot, Bull. Soc. Chim. [2] vii. Srt). 

Bromo NiTROPHENOL, C“H^Br(N0^)0, obtained by the action of bromine on the 
more volatile nitrophcnol, crystallises from alcohol in shining, yellow, sublimable 
laminae, easily soluble in alcoliol and other, melting at 88°. Its potassiurn salt^ 
C‘'H*Br(NO-*)bK + 2H-0, forms long pointed four-sided needles, of a blood-rod 
colour, moderately soluble in water, drying up over sulphuric acid to a dark red 
powder. The barium salt, [C'^H“Br(N0')0]-Ba, crystellises in anhydrous scales of 
dark red colour and golden lustre. The silver salt, C®H*Br(NO*)OAg, forms a dark 
red precipitate or blood-red laminae having a golden lustre. BromisonitrophenoU 
C‘*H*Br(N0*)0, produced by the action of 1 mol. bromine on isonitrophenol, is not 
volatile without decomposition, and crystallises from aqueous alcohol or from other in 
long satiny needles melting at 102°. The easily soluble potassium salt forms red 
‘Crystalline crusts ; the sodium salt lemon-yellow needles ; the silver salt slender red 
needles (Brunck). 

Bibromonitrophenol, C"II^Br^(NO^)0, is obtained (togotbor with bromopicrin) 
by adding dibromophenol to a cooled mixture of nitric and sulphuric acid ; wlien 
separated from its potassium salt and recrystellised from alcohol, it forms large easily 
sublimable prisms melting at 119°. Its potassium salt, 0“li^Br®(NO*)OK, forma 
scarlet needles slightly soluble in cold water, more soluble in boiling water and in 
alcohol ; the barium salt is an orange-red, the silver salt a brown-rod precipitate. Tlio 
methylic ether, precipitated by water from a solution of methylic dibromophenate in 
fuming nitric acid, crystallises from alcohol in colourless needles (Kdrner, Ann. Ch. 
Pharm. cxxxvii. 197; Zeitschr. f. Chem. [2] ii. 148). Bihromisonitropheno! , 
C*H*Br*(NO'^)0, produced by the action of 2 mol. bromine on isonitrophenol, forms 
beautiful prismatic crj'stals sparingly soluble in water, easily in alcohol and ether, 
melting at 141°, and decomposing at .a slightly higher temperature without subliming; 
the potassium salt in tufts of orange-yellow anhydrous needles, f»r in light yellow 
laminae containing 2 mol. water ; the barium salt, iC*H'-^Br^(NO'^)0]''*Ba + lOlI^O, in 
light yellow noodles which crumi)le to a red powder ; the silver salt, C*II*Br*(NO'*)OAg, 
forms sparingly soluble yellowish needles (Brunck, loc. cit.), 

Chloronitrophexot.s. — Mononitrochlorophenol^ C®H^C1(N0^)0, is pre- 
pared by passing 200 grms, of chlorine gas into 500 grms. pure phenol not cooled, and 
gradually adding the resulting chlorophonol to 1000 grms. nitric acid of sp. gr. 1*4, 
previously diluted with 1600 grms. water. The mixture is left for four days, being 
frequently stirred, but not heated ; the chloronitrophenol which collects at the bottom 
io lumps is collected, washed, and converted into sodium salt ; this salt, after recry*- 
stallisation, is decomposed with hydrochloric acid ; and the chloronitrophenol thereby 
separated is distilled with vapour of water and purified by recrystallisation from hot 
alcohol, ether, and chloroform. It crystallises from hot alcohol in needlesr from 
chloroform in largo light yellow triclinic prisms having the form of cupric sulphate ; 
has a strong saffron-like <^onr, and melts at 86°-87®. It dissolves easily in chloro- 
form and ether, less easily in alcohol, and is nearly insoluble in water. Its salts 
crystallise easily and well, dissolve sparingly in cold, more easily in hot water. The 
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ammonium salt, OH*C1(NO*)ONH^ forms long orange-red needles, volatilising with 
vapour of water ; the sodium salty C*H*Cl(NO*)ONa + 11*0, crystallises in red 
pnsms ; the barium salt, [C®H*0l(NO*)O]*Ba + 2H*0, in short ro<l prisms ; the 
silver s^t* C‘H*Cl(NO*)OAg, in brownish-red needles, very slightly soluble in water. 
The ethylic eihery C*H’C1(N0*)0C*H^, obtained by heating the silver salt with ethyl 
iodide, crystallises in yellowish-white needles or laminm, having an unpleasant odour, 
and melting at 6l°-62° (Faust a. Saame, Zeiischr. f. Chem, [2] v. 450). 

Chloramidoj^henc^ H^rMhlo7'ide, C®H^C1(NH*)0 . HCl, separates from the cooled 
solution obtained by reducing chloronitrophcnol with tin and hydrochloric acid, and 
may be purified by recrystallisation from hot water. It crystallises in white laminm 
easily soluble in water and permanent in the air. The corresponding sulphate forms 
stellate groups of needles (Faust a. Saamo). 

Diohloronitrophenoly C®H*CP(N0‘')0, obtained by adding crystalline dichloro- 
plieuol (p. 908) to fuming nitric acid, precipitating with water, and recrystallising 
from alcohol, appears to be identical with the nitro-compound whicli Laurent obtained 
in like manner from liquid dichlorophonol (iv. 397). It forms yellow crystalline 
laminae, melting at 121^-122°, sparingly soluble, but with deep yellow colour, in 
water, sublimes slowly at 100°, ana detonates when suddenly healed. Its ammonium 
salty C*H*Cl*(NO*)ONH^ crystallises in shining, deep orange-coloured, sublimable 
needles ; a small quantity of its dust excitc's violent snoozing. The sodium salt forms 
nodular groups of orange -red needles ; the potassium salty long shining needles 
having nearly the colour of chromic acid. The silver salt crystallises from a large 
quantity of boiling water in tufts of very dark red needles. The magnesium and 
barium salts form silky orange-yellow needles, slightly soluble in water. The basic 
lead salty C*H*C1*(N0*)0 . Pb . OH, is an orange-coloured precipitate. The ethylio 
ether, C®H*Cl*(NO*)O.C*H*, obtained by adding etbylic dichlorophonato to fuming 
nitric acid, crystallises from absolute alcohol in largo, flattened, nearly colourless 
prisms, melting at 29°. Dichloronitrophenol digested with tin and hydrochloric acid 
yields a doable stannous salt (colourless when freshly prepared), which after separa- 
tion of the tin by hydrogen sulphide, yields dichloramidophvnol kydrochloTidey 
C*H*Cl*(NH*)O.HCl, in colourless lamina?, quickly reddening on exposure to light, 
easily soluble in water and alcohol. Dichloramidophenoly C*H"C1“(NH*)0, separated 
therefrom, forms small white silky crj^stals which decompose very easily, especially 
when moist (Fischer, Zeiischr. f. Chem. [2] iv. 386). 

Faust a. Saame have obtained dichloronitrophenol, with properties exactly the 
same as those above described, by passing 1 at. chlorine into monochloronitropheool. 
Its barium salt forms orange-yellow needles containing [C“H*Cl*(NO*)0]*Ba + 2H*0. 

Dichloro-isonitrophenol or Dichlor -orthoTiitrophenoly C*‘H*C1*(N0*)0, 
is obtained by saturating fused orthonitrophenol with chlorine, and may be purified 
by converting it into a barium salt, recrystallising this salt several times, with 
addition of animal charcoal, and decomposing it with hydrochloric acid. When 
separated from a warm solution, it forms a heavy, nearly colourless, easily crystal- 
lising oil ; dissolves easily in alcohol, ether, and chlort)form, crystallises from ether 
in long slightly yellowish rhombic prisms or tables, from chloroform in flat shining 
colourless needles. Heated with water it melts, but is not perceptibly dissolvedr It 
has a faint |>henolic odour, does not volatilise with vapour of water, and is but 
slightly sublimable. Melts with decomposition at 125°. Its ammonium salty 
C*H*Cl*(NO*)ONH* + H*0, forms long shining yellow needles, which give oif their 
water and become colourless when left over sulphuric acid ; dissolves easily in 
hot, sparingly in cold water. The sodium salty C*il*Cl*(NO*)ONa 6H*0, forms 
yellow shining needles, easily soluble in water and alcohol. The hprlum salty 
[C*H*Cl*(NO*)0]*Ba + 4H*0, ciystallises, according to concentration, in brown-red 
metallically lustrous prisms or laminae, or in light-red flat needles ; dissolves easily 
in boiling water, sparingly in cold water. The calcium salty [C*H*CF(NO*)]*Ca + 
®H*0, crystallises in golden-yellow shining needles or laminae very soluble in water ; 
the magnesium salty [C*H*Cl*(NO*)0]®Mg + 10H*O, in rosettes of yellow needles. 
Very soluble in water. The Hlver salt, C*H*Cl*(NO*)OAg, fonns colourless interlaced 
nee^es, quickly turning yellow, and very sparingly soluble in water. The lead salty 
[OH*Cl*(NO*)0]*Pb + 4^H*0, forms very sparingly soluble, serrated, dull yellow 
needles, which easily give off their water. The copper salt forms dingy green needles, 
^•composing even below 100°. The ethylio ethevy obtained from the silver salt by 
means pf ethyl iodide, is a colourless b^y very much like phenol, melting at 136° 
(Seifkit, ZeUschr. f. Chem. [2] v. 449). 

^i>uAhr^hoatnidophefu^ C*H*CF(NH*)0, obtained by reducing the dichloro- 
nit»>-e(»a]MQQd with tin and hydrochloric acid, crystallises from water in sparingly 
Minbls eoloniiless striated laminae, which easily turn brown. It dissolves easily in 
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alcohol, sublimes in colourless laminae when very slowly heated, melts at 166®-16G° ‘ 
The sulphate, [C«H*C1*(NH“)0]*.S0<H2 + 3H*0, crystallises from a boiling saturated 
aqueous solution in needles slightly soluble in hot alcohol. The hydrocUfmdt, 
C“H^CP(NH^)0 . HCl, also crystallises in needles, decomposing easily in solution, 
molting below 2Z0^, subliming completely in white laminae (Seifart). 

Chlorodinitro phenol. C«H*C1(N02)*0 —This compound is known in two 
modifications, which may be distinguished as a and $. a Chlorodinitrophenol iu 
obtained by the action of nitric acid on monochlorophenol (Dubois, Zeitschr. /. Ckm. 
[21 iii. 205), or by adding moiiochloronitrophenol to red nitric acid (Faust a. Saanie, 


twin-crystals. It melts at 81°, resolidifies at volatilises without decomposition 
when slowly heated, dissolves sparingly in cold, more easily in boiling water. 

j3 Chloronitrophcnol was obtained by Faust a. Saame from the Residue left after 
the mononitrochlorophcnol, prepared as above described, had been distilled off with 
aqueous vapour. This residue was' added to red nitric acid, the dark solution 
precipitated by water, the precipitate convertetl into an ammonium salt ; and this 
salt after repeated crystallisation was decomposed by hydrochloric acid. ^ chloro- 
dinitrophenol thus obtained crystallises from hot water and dilute alcohol in 
yellowish lam iniE, from chloroform in irregular six-sided prisms melting at 111°. 

It is more soluble in hot water than the a mo<l i fication. The aminonium salt, 
,C®H2Cl(NO'^)‘‘^ONH* + IPO, crystallises in yellow needles; the barium salt, 
[C‘’II‘Cl(NO'‘)'‘0]‘-*Ba + 9H‘0, in short yellow needles, brick-red whejt dehydrated. 
The sUver soli, C«ll'^Cl(NO*)‘OAg + H^O, separates from hot water in a bulky mass 
of slender yellow needles. These salts are likewise more soluble in hot than in eold 
water. . , , 

7 ChloTodmitrophenol, the modification which Griess obtained by passing a 
strong stream of chlorine into phenol, and adding the product by small pwti^s to 
nitric acid of ordinary strength (iv. 400), is more eiisily prepared, according to 
Stenhouse {Chem. Soc. J. [2] v. 435), by the action of iodine chloride on picric acid. 
Chlorine gas is passed into a mixture of 8 pts. picric acid, 3 pts. water, and I pt. 
iodine, kept in gentle ebullition in a flask provided with an upright condensing 
tube, till carbon dioxide and nitrogen dioxide are given off and no more oily drops of 
chloropicrin are produced. The iodine chloride having boon distilled off at 120°, the 
Ct^stallino residue is washed with cold water and recrystallised from hot water. The 
chlor^initroplienol thus obtained ciystallisoa in yellow laminae molting at 103°, 
volatilising slightly at 100°, more easily with aqueous vapour. 

On the constitution of the chloronitrophenols, see Petersen {Ann. Ch. JPharvi,, [1871] 
cxlvii. 171 ; Chem, Soc. J. [2] ix. 248). 

loDONiTROPHBNOLS (Kbmor, Hull. Acad, Helg. [2) xxiv. 166; Jahresh. 1867, 
p. 616). — These compounds are formed by treating the nitrophonols in alkaline 
solution with a mixture of iodine and iodic acid, in proportions indicated by equation 
I. for the mono-iodated, and by equation II. for the di-i^atod compounds : 

I. 6C«H‘-*(NO-)*OH + 21^ IO>H - 6C‘H*-»I(NO^)-OH + 3H*0 
II. 5C«H*-»(NO*)*OH + 4P + 2IO»H = 6C«II>-*P(N02)>01I + 6H*0 

They are precipitated from these solutions by hydrochloric acid in the form of 
powder, or in fused yellowish masses ; if iodine still separates, the mixture must be 
once more supersaturated with alkali. 

lodisonitrophenol or lodorthonitrophenol, OH.*I(NO'*)0, crystalli»ef 
from a hot-saturated aqueous solution in yellow needles, melting at 93°-, at a lower 
temperature under water, not volatile without decomposition. It is also fonned by 
the action of hydriodic acid on diazonitrophenol, but when thus prepared it can 
obtained pure (melting at 94°) only by repeated crysbillisation from boiling carbo» 
bisulphide. Its easily soluble potassium salt crystallises from water in yellow 
needles, from alcohol with 3 mol. water, in lemon-yellow prisms. The sodium sal^ 
2C"H®I(NO*)ONa + 6H^O, forms golden-yellow elliptic scales ; the harium 
reddish-yellow needles ; the silver salt is a lemon-yellow precipitate somewhat r 

in hot water, and crystallising therefrom in needles. lodonitro phenol froia 
nitrophenol is golden -yellow, and crystallises readily, but liM not baew 

Hi-iodisonitro phenol, C*H®P(NO®)0, crystallises from ethereal 
colourless prisms, which turn yellow on exposure to the ahr, melt, at llwPvfJ® ^ 
decompose at a higher temperature. The potassium saU^ CyH-*P(NO*)OII^' ■ 

golden-yellow needles with violet iridescence ; the sodium salt, ofange-y»ltollfe«g^ 
rodent l^miuse ; tho ^ver salt is a yellowish, nearly insoluble predpiilnle.. 
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(from volatile nitpophenol) cryatAllises from a mixture of alcohol and 
ther m slender dark-yellow needles ; from ether in large prisms having a glassy 
lutre. It is slightly soluble in water, melts at 98°. The easily soluble nota»mim salt, 
)«H*P(N0*)0K, crystallises in red-brown needles; the sodium salt, C«H*I*(NO*)ONa 
f H*0, from alcoholic solution in dark brown prisms having a gvlden lustre, and 
delding a blood-red powder ; the silver salt is a black-brown precipitate. 

lodobromisonitrophenol, C*H*IBr(N0-‘)0, prepared from bromoisonitro- 
jhenol by the general process above given, is insoluble in water, slightly soluble in 
ilcoholf easily soluble in ether, and crystallises from this solution in colourless 
;)ri8in8. The potassium salt, G^H^II^NO^jOK, forms tutts of yellow noodles. lodo- 
'ifOimfUtrophenol (from volatile nitrophenol) crystallises from ether in orange- 
ioloured prisms, melts at 104‘2°, and volatilises with vapour of water. Its salts are 
sparingly soluble ; the potassium salt crystallises in anhydrous flat prisms having a 
brown colour and bright metallic lustre ; the sodium salt with 1 mol. wivter in dark 
brown prisms ; the barium, lead, and sUv(r salts are dark brown precipitates. 

lodo-dinitrophenol, C**H®1(N0*)*0, is nearly insoluble in water, soluble in 
alcohol and ether, and crystallises from alcoholic solution in vitreotis sulphur-yellow 
prisms. It melts under boiling water and volatilises with aqueous vapour. The 
Mtassium salt, C®H®I(NO*)®OK + 2H*0, crystallises from aqueous solution in yellow 
laminae or needles ; the barium salt in yellow, slightly soluble laminae. A similarly 
composed and probably identical compound is produced by the action of hydriodic 
acid on diazodinitrophenol ; but its potassium salt crystallises in orange-red anhydrous 
needles. 

From the results just described, and from those obtained by Brunck with the 
biwmonitrophenols (p. 912), Kdrner concludes : (1) That the places occupied by the 
hitroxvl in dinitrophenol are those which it occupies in i son itro phenol and in volatile 
nit^pKenol; (2) that in the partial reduction of dinitrophenol, that atom of nitroxyl 
which corresponds to volatile nitrophenol gives place to nmidogen ; and (3) that m 
Textile nitrophenol the nitroxyl occupies one of two places, symmetrically situated 
with regard to the hydroxyl [that is to say, that it belongs to the meta- series]. 


Heduction-derivatives of the Mtrophenols : Amidopkenols, 

The amidophenols obtained by reduction of mononitrophonol and its chlorinated 
derivatives have been already noticed (pp. 910, 913). 

From trinitrophenol or picric acid three amidophenols may ho derived, vis., 
C‘HXNO^)*(NH*)OH C«I12(N02)(NH»)*0H C8ir'(N}ro®OH 

Amldodinitrophcnol. Dlamldonltrophouol. Triamldophcnol. 

The first, generally known as picramic acid, was obtained by Girard in 1S53, by 
reducing picric acid with hydrogen sulphide. According to C. D. Braun {ZsiJLschr. /. 
C%cwi. [2] i. 744), it is produced from picric acid by the action of potassium forro- 
^anide, and more quickly in presence of alkali, by grape-sugar. Petersen ifCdischr, 
f. Chem, [2] iv. 377) has examined some of its compounds with acids. The kydro^ 
C*H*(KO^)*(KH*)O.HCI, separates from a hot-saturated solution in con- 
centric groups of red-brown needles, soluble in alcohol and ether, giving off their 
hydrochloric acid partially on exposure to the air, completely at 80°. The platino' 
CMOTxde, 2(C*H*(NO*)*(NH^)O.HCl).PtCP, separates from concentrated solution in 
small yellow granular crystals. The nitrate, obtained by decomposing the hydrochloride 
in alcoholic solution with silver nitrate, crystallises in brown-rod larainte. When a 
solution of amidodi nitrophenol in cold strong sulphuric acid is diluted with water, the 
amidodinitrophcnol is precipitated, and the solution yields brown crystal's containing 
sulfuric acid. 

Girard and Pugh found that picramic acid is converted by nitric acid into picric 
field ; but according to Wohler and Carey Lea, this is not the ciise (iv. 406). Sten- 
kouse {Chem, 8oc, J. [2] vi, 150), by treating 1 pt. picramic acid with 3 pts. bfjiling 
' nitric acid of sp. gr. 1-45, has obtained crystals of diazodinitrophenol, C*H'''N*(N0*)*0, 
together with a comparatively small quantity of picric acid, which remains in the 

(iv. 640), by treating picric acid with iodine and phosphorus, obtained 
’^^^l&iodide of p i cr a m i n e, C*H®(NH*)‘, a base derived from picric acid by subslitu- 
for (NO®)*, and simultaneous reduction of the hydroxyl-^oup HO ; and 
to Beilstein {Ann. Ch. Pharm. exxx, 242), the same base is obtained by 
picric acid with tin and hydrochloric acid. Hointzel {Zeitschr. f, Chem. 
that the base obtained by either of those modes of reduction is not 
dmm0>Dut tri-amidophenol, while, on the other hand, Gauhe (tW. iv. 90) 
Jinutemnnn'ff results as to the formation of picramino hydriodide, 
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C*HYNH*)*.3HI, by the action of iodine and phosphorus on picric acid, and 
tlie salt which Meintzel obtained by the enme process, not as the bydriodide of 
triamidophenol, but as the trihydriodide of picramine contaminated with phosphoric 
acid. 

Triamidophenol. C«H*(NH*)^OH. — A mixture of 1 pt. picric acid, 4 pts. tio, 
and 15 pts. crude hydrochloric acid, when gently warmed, begins to boil in a few 
minutes, and the filtered liquid deposits on cwling quadratic laminae, which after 
drying over lime in a vacuum, have, according to Heintzel, the composition of 
triamidophenol slatinochloride, C"H*(NIP)*OH. 3HC1 .SnCP [according to Beilstein, 
that of picramine sttimiochlorido, C®H*(NIP)*.3HCl.SuCP]. This salt dissolves in 
water, alcohol, and ether, and after recrystallisation from water contains 1^ mol. 
water (6*8 p. c,). It is partially decomposed by repeated crystallisation from a 
slightly acid aqueous solution, but from a solution containing a large excess of 
hydrochloric acid it separates without decomposition in fan-shaped groups of long 
needles. The alcoholic or ethereal solution of the salt acquires a deep blue colour; 
so likewise does the aqueous solution when much diluted ; ferric chloride produces the 
same colour. The hydrochloride, 3HC1, obtained by removing the 

tin from the preceding salt by hydrogen sulphide, is easily soluble in water, less 
soluble in alcohol and ether, and separates by slow evaporation in a vacuum, in 
nodular groups of yellow needles ; the concentrated solution imparts a permanent 
green-black colour to the skin, also to wool and silk. The sulphate, 
2CJ*H*(NH^)*OH. is deposited on mixing the concentrated solution of the 

hydrochloritle with dilute sulphuric acid, in white curdy flocks, which when moist 
gradually change to dark-coloured rhombohedral crystals. The hydroferrocyanide, 
2C®H*(NIP)^On . Fe*lI‘Cy", is a white crystalline precipitate, slightly soluble in 
water and in alcohol ; pohissium ferrocyanido also forms a white precipitate. 

AmidO’diimidophenol Hydrochloride, C'*H*(NH*)(NII)*01I . HCl * (?), is gradually 
deposited from a concontrsted solution of triamidophenol hydrochloride, in brown 
crystals having a blue lustre by rofiectod light, insoluble in ether, slightly soluble in 
alcohol, easily and with splendid blue colour in water ; decomposed by hot water. 
The blue solution heated with dilute hydrochloric or sulphuric acid becomes red, and 
deposits white needles, having nearly the composition of the hydrochloride of 
amid-imid-hydroxyphenol , CAH“(NIP)(Nir)(OH)*.H01 * (?) (Heintzel). 

FKBXroXiXC BTBEBS. Ethyl-phenol or Pheneiol. C*H*®0 = 

C®H*. (C''H^)0 (Fittig a. Kiesow, Zeitschr. f. Chem. [2] v. 333. Beilstein a. Kuhlberg, 
ibid. 461 ; Chon. Centr. 1870, 45). — This compound, originally obtained by the dry 
distillation of barium othyl-salicylato (iv. 391), may also be prepirod by heating the 
potassium salt of ethyl-benzone-sulphuric acid with 3 pts. of potassium hydrate to 
270^-280*^ for some hours, acidulating with sulphuric ticid, and distilling. The ethyl- 
phenol, which passes over with the first portions of aqueous vapour, is separated from 
the water, loft some time in contsict with ciilcium chloride, and subjected to fractional 
distillation, the greater part passing over between 208° and 210°. This portion 
solidifies on cooling in largo tr.insparont prismatic crysttds, very much like phenol, 
which may bo freed from an adhering viscid oil by pressure between bibulous paper in 
the exsiccator. The crystalline compound is ethyl-phenol. It melts at 47°— 48° and 
boils at 209°-210° (F'ittig a. Kiesow) ; melts at 46° and boils at 214°-215^ (Beilstein 
a. Kuhlberg), but volatilises evou at ordinary temperatures. In contact with water 
it instantly liquefies, whence it seems to follow that liquid ethyl-phenol (iv. 391) is 
rather a hydrate than an isomeric modificration (Fittig a. Kiesow). On the other 
hand, the liquid ethyl-phenol expres.scd from the crystals as above mentioned does 
not solidify oven in a freezing mixture; it btuls at 212° (Beilstein a. Kuhlbei^). 

Ethyl-phenol treated with sodium and carbon dioxide is converted into ethyl- 
(para- or meta-) oxybonzoic acid : C«H*(C*H»)0 CO* = C*H*(C»H*)0* (Beilstein 
a. Kuhlberg). See Pauaoxybenzoic Acid (p. 899). 

Methyl-phenol. C«HXCH*)0.— See Anisoe (i. 305). 

Chlorometnyl-phmol, C®H^C1(CH®)0, is produced by the action of phosphorus 
pentachlorido on anisol. It is a colourless liquid having a rather agreeable odour, a 
sp. gr. of IT 82 at 9°, and boiling at about 200°. Insoluble in water and in alkalis, 
soluble in alcohol and in ether; dissolved by strong nitric acid with rise of 
temperature, but without evolution of gas (L. Henry, Zeitschr. f. Chem, £2] vi, 247)- 

Promethyl -phenol, C'‘H^Br(CH’)0, obtained in like manner, boils at 220°, and has 
a sp. gr. 01 1T94 at 9° (Henry). 

Chlorethyl-phenol, C®H''C1(C*H®)0, resembles the methyl-compound in external 
character, boils at 210°, and has a sp. gr. of IT 06 at 9° (Henry). 

* These formula) are inadmissible, inasmuch as the imidogen, which is essentially a blvaleot radiclei 
enters into them as univalent. 
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Ethsflene’diphenol. =* C>»H‘»(C*H<)"0^ (Lippmann, Chem, Cenif, 

1780, p. 46 . Burr, Zeitschr, f, Chem^ [2] v. 165). — Pfcwuced by heating 1 mol. 
ethylene bromide with 2 mol. finely pulvoriaed potassium-phenol in a sealed tube to 
140®. Forms small laminae, melting at 98 6® (Burr), 96® (Lippmann), and burning 
with a very smoky flame when heated on platinum foil. Insoluble in water, slightly 
soluble in cold alcohol, easily in boiling alcohol and cold chloroform (Lippmann) ; 
soluble also in ether, from which it separates in shining imperfectly developed crystals 
(Burr). When heated with strong nitric acid it is converted into an acid compound 
crystallising in needles of a deep yellow colour, and soluble in ether (Burr). 

Etht/kne-dipJienol tetrdhromidc^ C'*H'*0®Brh is produced by dropping bromine into 
a solution of othyleno-di phenol in chloroform, heating the product for some hours 
to 100®, and crystallising from hot chloroform. It forms small interlaced noodles 
melting above 100®. 

Ethyletie-diphenol-sulphuric acid^ = C’*H*(C*H*)"(SO*H)*, is formed by 

adding strong sulphuric acid to ethyleno-diphonol heated to 120®, and keeping the 
mixture for some time at 100®. On saturating the liquid with lead carbonat-e, 
filtering, washing with hot water, and evaporating, the lead salt, C“ll^(C*H^SO<)*Pb 
(at 120®), crystallises in laminae soluble in hot water. The barium salt is a fine 
crystalline powder slightly soluble in hot water (Lippmann). 

I so propyl -phenol, C*I1‘(C*H')0, is obtained by heating isopropyl iodide with 
sodium-phenol, either to 110®-120® in soaltHi tubes, or in a retort with reversed 
condenser- When purified by precipitation with water, washing with potasli-solution, 
and distillation, it forms a colourless, rather viscid liquid, smelling somewhat like 
geraniums. It boils at 176®, and has asp. gr. of 0‘968at 0®, 0 947 at 12‘6®. Vapour- 
density obs. = 6 00 ; calc. = 4-73. Index of refraction for the yellow sodium lino 
c= 1-5124. Inactive to polarised light. 

Isopropyl-mfynobroniophenol, C®II^Br(C=*ir)0, is the chief product formed by 
gradually adding 1 mol. bromine to 1 mol. isopropyl-phenol. It is a somewhat viscid 
liquid, smelling like anisol, insoluble in water, soluble in alcohol, and more easily in 
ether. Boils at 236®. Sp.gr. - 1*981 at 0®; 1-957 at 12’5®. Index of rofnictiou 
fi^r the yellow sodium liiie = 1*553. Inactive to polarised liglit. 

By using an excess of bromine, more highly brominatod products 'are obtained. 
The resulting crystalline mass dissolves completely in potash, and on uelding liydro- 
chloric acid, tribromo-isopropyl-phenol is precipitated, melting at 93® (Bilva, 
BuU, Soc. Chim, [2] xiii. 27 ; Zeitschr > /. Chem. [2J vi. 249). 

PBBK’OMA.XtZC ikCZB. (Carius, Ann. Ch. Pharm. cxlii. 129 ; Jahresh. 

1866, p. 660). — An acid homologous with malic acid, produced by reduction of 
trichlorophenomal’c acid {infra), namely, by heating the concentrated aqueous solution 
of the latter with zinc-powder, assisting the action towards the end by gradual juldition 
of hydrochloric acid till the zinc is completely dissolved. The reaction being corn- 
plot^, the liquid is neutralised with baryta-water, the zinc precipitated by barium 
sulphide, and the hydrochloric acid removed by repeatedly evapjrating the solution, 
which when decolorised with animal charcoal and evaporated, leaves the phononmlic 
acid in the form of a colourless amorphous deliquescent mass. The same acid is 
formed by the action of more powerful reducing agents on trichlorophenomalic acid, but 
in that case it undergoes a further transformation into succinic acid and a body 
having the composition of acetic aldehyde, (C”I1’®0^ which 

latter, however, is converted into an amorphous acid, or completely decomposed with 
separation of charcoal, according to the circumstances of the experiment, 

TrielUoroplieiiomalic Acid. C*H’C1*0^ (Carius, fct?. d/.). — P 2 *(iduced by the 
action of chlorous acid on benzene : 

C®H» + 3ClHO“ * H*0 + C«H»C1>0^ 

The best way of preparing it is to add potassium chlorate (150 grras.) by small 
portions to a mixture of benzene (80 grras.) and sulphuric acid (1200 gnns.) diluted 
with half its weight of water, agitating after each addition, and cooling the vessel if 
necessary ; then, after 3 or 6 days, heating the mixture to about 70° and adding 
sufficient warm water to prevent the potassium sulphate from crystallising out. The 
greater part of the trichlorophenomalic acid is then contained in the watery liquid 
(the rest in the brownish supernatant oil), and may be extracted by agitating with 
ether, evaporating the latter, dissolving the residue, consisting of trichlorophenomalic, 
Bulphuric, and oxalic acids, in water, precipitating the sulphuric acid with barium 
chloride, and again treating with ether. From the viscid residue left on distilling off 
the ether, the trichlorophenomalic acid partly crystallises out, either in a vacuum or 
after hating for some hours to 40®-60®, and a farther ijortion separates after addition 
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of water iufflcient to produce permanent turbidity. It is purified by recrystallisation 
from a quantity of hot water large enough to prevent it from separating us an oil on 
cooling. 

Trichlorophenomalic acid crystallises in monocliiiic forms, from the hot aquoons 
solution in laminae ; by slow evaporation, or from other solvents, in tables or prisms 
with pyramidal faces. It melts at with partial volatilisation, but without 

decomposition, and solidifies on cooling to a crystalline mass of sp. gr. about I 6 ; 
when slowly heated above its melting point, it is resolved, almost witliout residue, 
iuto water and white vapours of a now acid; when quickly heated to 180°, it decom- 
poses, with strong intumescence and separation of charcoal. It dissolves sparingly in 
cold, easily in hot water, alcohol, ether, and warm benzol. The aqueous solution has 
an acid reaction, decomposes carbonates, gives white precipitates with silver and lead 
salts on cautious addition of ammonia, and does not prevent the precipitation of ferric 
salts by ammonia. It decomposes partially on exposure to light, assuming a reddish 
colour, very quickly on boiling, with formation of hydrochloric acid, and completely by 
heating with baryta-water, whereby it is conv^erted into phenaconic acid, 

(p. 904). It does not appear to form a nitro-compound, but is decomjx>sed by boiling 
with nitric acid, and more quickly by potassium chlorate and sulphuric acid, yielding 
oxalic acid ; heated in solution with a small quantity of silver nitrate and ammonia, 
it throws down metallic silver. By nascent hydrogen it is reduced to phenaconic 
acid, and by stronger action to succinic iwjid ; this last transformation is produced by 
heating the trichlorcjphenomalic acid to 160°-180° in a scaled tube with saturated 
aqueous hydriodic acid ; also by the action of tin and hydrochloric acid (Carius). 

PBSnNnrXi or DXPKmrTli. — This hydrocarbon is formed, together 

with others, when benzene-vapour is passed through a rod-hot tube : 2C*H® ■« 

-f ; also, together with benzene, by passing chrysene-vapour mixed with hydrogen 
through a red-hot tube : -f 2H2 = C'-'H’® + C“H* (Berthelot, p. 459). 

Heated for an hour in a sealed tube filled with hydrogen it is partly resolved into 
benzene and chrysene, the latterbeingprobably formed by ix»lymerigation of phenylcno 
produced in the first instance : 

Ci2H'« * CH® -I- cm * ; and 3CTI* =« C««H»2 
Piphenyl. Benzene. Phenylone. Phenyleno. Chrysene. 

Passed together with ethylene through a red-hot tube, it is partly converted into 
cinnamene and benzene : C’-^H'® -f C^H* « C*IP + C®H®; partly into anthracene and 
hydrogen: -f C‘‘*H‘ = + 211*. Heated withSOpts.of saturated 

acid, it is almo.st wholly converted into hexane : CHI'® + 18HI = 2CH'* -f 9P; with 
20 pts. of the acid, partly (§) into benzene: CHI'" + 2UI = 2CH* -f P; partly 
(J) into propane and carbon : C'*H‘® = + C -f H* (Berthelot, p. 741), 

PKSmrXi CARBOM-ATB. CO®(C»H‘)*.— ObUined by heating 3 pts. phenol 
with 2 pts. liquid phosgene to 140°-150° in a sealed tube. By heating the prmluct 
with dilute soda-ley, a solid compound is obtained, which crystallises from hot alcohol 
in white needles having a silky lustre. It is insoluble in water, soluble in alcohol 
and ether, melts at 78°, gives oflf a pleasant aromatic odour when heated, and sublimes 
in long needles. By strong soda-ley, or more easily by alcoholic potash, it is resolved 
into carbonate and phenylato of sodium. Heated with strong sulphuric acid, it gives 
off carbon dioxide (Kemp, Zeitschr.f. Chem. [2] vi. 205). 

BBBmrZi PBOSBBATBS. According to Glutz (Ann. Ch. Pharm. cxliii. 
181), the iri'yhenylic yhoeyhat^, PO^(C*H*)''', obtained by treating phenol with 
phosphorus pentachloride, wasliing the residue with soda-ley and water, and dissolving 
in etner, ciystalliscs from the latter by sponbineons evaporation as a coherent mass, 
consisting of transparent needles, snow-white and inodorous after drying over 
sulphuric acid. It melts at the heat of the water-bath, is insoluble in water, very 
easily soluble in alcohol, ether, and hot strong sulpliuric acid, and crystallises from 
the latter in long needles having a silky lustre. By treatment with excess of potash 
or other strong bases, it is converted into diphenyl-phosphoric acid and phenol : 

PO*(C®H^)* + K*0 PO<(C*H*)*K + C®H»OK. 

Diphenyl-yhosphoric acid is separated fwm its potassium salt by hydrochloric acid, as 
a brown oil lightly soluble in water, easily in alcohol and ether. Its silver saltf 
!PO*(OH*)*Ag, crystallises in silky needles permanent in the air. 

Triphenylic phosphate heated with bromine to 180° yields bromopkenylic orfko- 
phosplmte, which, after the crude product has been treated with dilute alkali, crystallises 
from hot alcohol in nacreous scales : 

P0'(C"H*)* + Hr® « 3HBr PO\C®H'Br)», 
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FXnmi HVXiFBTOUkTB and StnCiFBXDBB. Phenyl SfUjphydrete, 
Phen^ mercaptant or Thiopkmol, C*H*SH, was first obtained by Vogt (iv. 418) by 
the action of nascent hydrogen on sulphophenylic chloride : he describes it as a colour- 
leas, strongly refracting, oily liquid, having an intensely disagreeable odour and boiling 
at 166° (iv. 418J, Stenhouse {Proc. Roy. Soe. xvii. 62) has obtained it in greater 
purity by distilling sodium phenylsulphite in an iron retort (it suffers decomposition 
in copper retorts) : it then passes over between 166° and 180°, and is obtained by 
nvtification as a strongly refracting liquid, having an aromatic, somewhat alliaceous, 
but by no means unpleasant odour, and boiling at 172’6°. The portion of the emde 
distillate passing over between 290° and 300° yields a largo quantity of pure phenyl 
sulphide, (C"H^)’*S. Otto (Ann. Ch. Pkami. cxliii. 211) obtained phenyl mercaptan 

by the action of nascent hydrogen on sulphophonylene-ethyleno, ^ | found 

it to boil between 170° and 173°. 

Phenyl mercaptan is likewise obtained, together with the monosulphido, by the 
action of phosphorus pentasulphide on phenol. The sulphydrato, which is the chief 
product, distils over first (together with phenol and benzene) ; afterwards, towards 
290°, a considerable quantity of liquid passes over, from which, by rectificiition, pure 
phenyl sulphide, (C®lI*)‘S, may bo obtained : this latter compound appears to bo 
formed by decomposition of the phenyl sulphophosphato occurring in the loss volatile 
portions of the product. Phony Isulphido is likewise obtained, together with a residue 
of lead sulphide, by the dry distillation of tho lead salt of phenyl morcjiptan, (C*H*S)*Pb 
(C*H*)*S + PbS. The compound C**H*®SO*, produced by oxidation of phenyl 
sulphide, and designated by Stenhouse as svlphobenzolcne (v. 489), is identical with 
sulphobenzene or sulphobenzido (v. 486), produced by tho action of sulphuric anhy- 
dride on benzene (Kokul^ a. Szuch, Zeitschr. f. Ch&m. [2J iii. 193, 306 ; Jahreah. 1867, 

p. 628). 

Phenyl Biaulphide^ (C®n^)®S*, is produced by oxidation of the sulphydrate : 
2C*H*S + O =» H*0 + (C®H‘)2S^ (iv. 417); also by heating the mercury -compound 
of the sulphydrate in the dry state above its molting point, or with water in a sealed 
tube to 180°: (C«H'S)*Hg = Ug + (C'‘H‘)*S2 (Drehor a. Otto, Zeitachr, /. Ghem. 
[2] vi. 22). It melts according to Stenhouso at 61°, acct>rding to Vogt at 60°; is 
insoluble in water, soluble in alcohol, very soluble in ether, benzol, and carbon bisul- 
phide (Stenhouse). It combines directly with bromine, forming the compound 
which crystallises in nacreous laminae, insoluble in water, easily soluble 
in ether, less soluble in alcohol, volatile without decomposition (Wheeler, Zeitaohr. f, 
Chem. [2] iii. 436). 

Ghlorophenyl Sulphydrate, C*II*CISH, is formed by bringing sulphochloro- 
benzene chloride in contact with zinc and dilute sulphuric acid : 

C*H«Cl.SO*Cl + 6H = C»H<C1SH -r HCl + 211*0. 

It volatilises when distillefl with aqueous vaiwnr, and crystallises from^ alcohol in 
largo, soft, four-sided rhombic tables, having a highly offensive cxlour ; melts at 63°--64°, 
volatilises undecomposed when slowly heated, is insoluble in water, but dissolves 
easily in ether, benzol, and hot alcohol. Its lead compound, (C*H^ClS)*Pb, is a lemon- 
yellow precipitate insoluble in water and in alcohol. Chlorophc7iyl Biaulphide, 
(C*H*C1)*S*, produced by heating tho sulphydrate with nitric acia of sp. gr. 1*12, 
ciystallises from alcohol in large six-sided tables, inodorous, melting at 71 , distilling 
without decomposition, insoluble in water, soluble in ether and in hot alcohol. In 
contact with zinc and sulphuric acid, it is reconverted into chlorophenyl sulphydrate 
(Glutz, Ann. Ch. Pkarm. cxliii. 181 ; Jahreah. 1867, p. 632). 

Phenyl Oaeyaulphide or Diphenyl-dioxya^dphide, C**H'®S*0*, is produced, 
together with phonylsulphurous or sulphobonzolic acid, when phenylsulphurous 
hydride is heated with water to 130° : 

3C®H*SO*H *= C‘*H‘®S*0» + C*mSO>H + H*0. 

The oxysulphide, which separates as a crystalline mass from tho aqueous solution of 
phenylsulphurous acid, is insoluble in water and alkalis, easily soluble in ether, hot 
benzol, and alcohol, and crystallises in long four-sided needles which njelt at 36°. In 
contact with zinc and sulphuric acid it is easily converted into phenyl sulphydrate : 

31I» — 2C*H*S + 211*0. 

By the acitoft of bromine in presence of water, it is converted into monobromodiphenyl 
oxyatdphide, C**H*BrS*0*, a viscid yellowish liquid insoluble in water, easily soluble 
in benzol and ether, converted by hot strong aqueous ammonia into sulphobenzolamide 
and phenyl-bisulphide : 

2€»*H*S<0* + 2NH* « 2C*H’NSO* + (C«H*)*S* + Br*. 
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CMorophenyl OxystUphidet C‘*H®CPS*0*, is produced, like phenyl oxysulphide, by 
heating Alorophenylsulphurous hydride with water t%l 30^-1 40®: 

3C*H^C1S0*H « C‘*H»C1»S*0* + C«H*C1S0»H + H*0. 

Chlorophenyl- Chlorophenyl Chlorophenyl- 

sulpbttrous hydride. oxysulphide. eulphurous acid* 

It is insoluble in water and alkalis, easily soluble in ether, benzol, and hot alcohol; 
crystallises from the latter in vitreous four-sided rhombic prisms ; melts at 136°-I38‘^, 
dissolves with indigo colour in fuming sulphuric acid, and is converted by zinc and 
sulphuric acid into chlorophenyl sulphydrate (Otto, Ann, Ch, Pham, cxlv. 317; 
Jahresb, 1867, p. 629). 

PKBinr&-ACBTT&Sira« Syn. with Acetentl-benzene (p. 5). 

PBBmr&AORTUC A.OZS. Syn* with Cinnamic Acid (p. 467). 

PBBimJLMnra or RirzibZirB. On the preparation of this 

base on the manufacturing scale, and on the manufacture and properties of aniline 
colours, see the article Aniline in this volume. 

Reactions, — 1. Aniline treated in very dilute solution with potassium permanganate 
is oxidised to hydrazobenzene, azobenzene, and azoxybenzenc, 

C’*H’®N®0 (Olaser, pp. 269-27?). — 2, Heated with 20 pts. of saturated aqueous hydriodic 
acidy it yields ammonia and benzene ; methylaniline similarly treated yields mothann 
and hexane, together with ammonia; othylaniline yields ethane and hexane ; amyl- 
aniline yields quintane and hexane (Berthelot). — 3. When a dilute aqueous solution 
of an aniline salt is mixed with iodine chloride containing a slight excess of iodine, 
two oxidised compounds are formed, one soluble in carbon bisulphide, and forming 
shining crystals several inches long, while the other, which is formed in smaller 
quantity, is insoluble in carbon bisulphide, and crystallises in reddish scales (Hten- 
house, Chem. ^c, J, [2] ii. 327). 

4. Aniline well cooled and added by drops to phosphorus trichloride^ is converted 
into the hydrochloride of phosphaniline, C‘"H*”PN®.3HC1 (Tait, /. Chem. 

[2] 648). (See Phosphaniline, p. 932.) — 6. When 3 pts. aniline are heated to 145° 
with 1 pt. chloropicrin, nitrogen is abundantly evolved, and the residue yields to 
water a red colouring matter, together with hydrochloride of carbotriphenyltriarnine, 
(Basset, Chem, Soc, J. [2] iii. 21). — 6, A mixture of 2 mol. aniline 
and 1 mol. chlorotoluene heated to 160° for 24 hours yields aniline hydrochloride, 
together with a base isomeric with phenyl-tolylamine (Fleischer, Ann, Ch, Pharm, 
cxxxviii. 225) : 

2C«H»N + C’H’Cl - C«H’N.HC1 

7* Aniline in excess heated with ethyl monochhracctate and water in a sealed tube to 
130°-140°, is converted into anilido-acetaiiilide, together with alcohol and aniline 
hydrochlui’ide (Wilm a. Wischin, Zeitschr. /. Chem. [2] iv. 76) : 

CH^Cl CH*NH(C''H^) 

I + SCC-H^.H^N) - C*H^OH -f C«H^NH».HC1 -t- I 

COOC'^H* CONHC-Hs 

Ethyl chlor^ Aniline, Alcohol, ' Aniline hydro- Anilido-acetanllide. 

acetate. chloride. 


8. On tlie action of glycolie chlorhydrin on aniline, see Wurtz {Zeitschr. /. Chem. 
[2] T. 482). — 9. Aniline heated with hi/drochloric acid and potassium ferrocyanide is 
converted into a red colouring matter called lydine (Guyot, p. 793). 

10. Aniline unites with sulphurous oxide (as described by Hofmann), apparently 


C«H* 

forming the compound C*H’N.SO^o^ perhaps (SO)" 

H* 


which when exposed to 


the air gives off a large quantity of sulphurous oxide, leaving the compound 
2C*H'N.SO*; and this when suspended in ether, again takes up sulphurous oxide. 
Aceiio aldehyde acts violently on the compound C"H'N.SO*, forming a brown viscid 
mass chiefly consisting of diethylideno-diphenylamine. In ethereal solution colourless 
prisms are formed, consisting of C*H’N . C^H^O , SO*, insoluble in ether, slightly 
soluble in cold water, easily in alcohol, and decomposed by heat, with formation of 
diethylidene-diphenyl-diamine (iv. 467), which is easily prepared in this manner: 


2(C«H'N.C?H'O.SO“) = 

(Enanthol and hitter almond oil act less energetically, forming the compounds 
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2C*H’N.2C*H*^0.S0* and 2C®H^N.2C’H*O.SO*. The more easily decom^ible 
vuleral compound seems to have a similar constitution (Schiff, Ann. Ch. Fharm, 
cxl. »2). 

11. On the action of aldehydes on aniline^ see DiPHsimiOiAMiNBa (iv. 456» and 
p. 79 of this volume). 

12. On the action of the hydrochlorides^ C*“H'*.HC1 and C*®H**.2HC1, 

on aniline, see Tbrebbnes. 

Bromophenylamines. — Mono- and di-bromaniline are formed, as well as tri- 
bromaniline, by the direct action of bromine on aniline, namely, by passing bromine- 
vapour mixed with air into aniline, or by gnvdually adding a solution of bromine in 
benzol to aniline also dissolved in benzol (Kckul^, Zeitschr. f. Chem. [2] ii. 667). 
Di- and tri-bromaniline are also produced by heating nitrobenzene to 186°-! 90° in 
sealed tubes with fuming hydrobromic acid, the nitrobenzene being first reduced to 
aniline, according to the equation : 

C*H»NO* ^ 6HBr = C«H®NH" + 3Br® -l- 2H»0, 


and the free bromine then acting upon the aniline tvs above (Baumhauer, Zeitschr, f, 
Chem. [2] v. 198). 

Trichlor aniline, C'H^CPN, is formed by the action of tin and Iwdrochlorio 
acid on trichloronitrobenzene in alcoholic solution: C*I12Cl*(NO®) + 3H.* =» 2H*0 
+ C®H^C1*N. By dissolving the crystalline compound which separates on cooling in 
alcohol, freeing it from tin by hydrogen sulphide, and evaporating the filtrate, 
trichloraniline is obtained in long shining needles slightly soluble in cold, more 
soluble in hot water, also in alcohol, ether, benzol, moderately dilute mineral acids, 
and strong caustic potash. With strong sulphuric acid it forms a rose-coloured solution, 
from which the trichloraniline may be distilled without alteration. It melts at 96*6°, 
solidifies at 86°, and boils near 270°. The aqueous solution forms with chloride of 
lime or chromic acid a dye of the colour of Vermillion. The solution in strong 
sulphuric acid becx)me8 bluish-violet on addition of a little nitric acid, and then 
reddish-yellow when warmed or mixed with water. The vapour passed over red-hot 
lime yields ammonia and aniline (Losimple, Ann. Ch. Pharm. cxxxvii. 126). 

lodaniline, exhibits two modifications, o and ^, obtained from tha 

corresponding modifications of diazonitrohonzene : 

C«H»(NO*)N» + HI - C*HXNO“)I + N» 

DiBzonitro- lodonitro* 

benzene. benzene. 

C®H«(NO’)I + 3H® « OHH.NH® + 2H®0. 

lodonltro- lodaniline. 

benzene. 

An aqueous solution of a diazonitrobenzene nitrate mixed with hydriodic acid yieldf 
tt iodonitrobenzene, crystallising in yellow needles, molting at 17r6°, and identical 
with that which is obtained by the action of nitric acid on iodobenzene, and this 
compound treated with ammonium sulphide is converted into a iodaniline melting at 
60°, and identical with that which Hofmann obtained by tho action of iodine on 
aniline (iv. 444). /3 Iodonitrobenzene, obtained in like manner from /9 diazonitro- 

benzene, is converted by ammonium sulphide into /9 iodaniline or para-iodaniline, 
crystallising in silvery laitiinae, and molting at 26°. 

The melting points of o iotlaiiiline and of all the benzene-derivatives of the same 
series are higher than those of the corresponding compounds of the ^ or paraJ series ; 
thus ; 



a 

/8 

Iodonitrobenzene 

. 171*5° 

, 34° 

Broraonitrobeiizene 

. 120° 

. 66° 

Chloronitrobenzene 

. 83° 

. . 46° 

Nitraniline* 

. 141° 

. 108° 

lodaniline .... 

. 60° 

. 26° 

Bromaniline 

, 67° 

liquid at ord. temp. 

Chloraniline 

. 64° 

It i> 

Diazo-araidonitrobenzeue 

. 245° 

. . 196° 

Hiazo-nitrobenzolimido 

. 71° 

. . 63° 


(Griess, Chem. Soc. J. [2] v. 867; Jahresb. 1866, p. 467). 


• The prefixes a and B are here applied to the nitranilines In the opposite sense to that attached 
to them in vol. iv. p 44«. B or para-nitrauiline being the modification obtained by redoctira of 
diaitrobenxene. 
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0 Ni/ranifin^ treated in alcoholic solution with sodium-amalgam Is cxinyeited infn 
hydrazoaniline, C**H**N* (Hazrhaus, p. 703). 

. Slptaenylamlne. . — This base, discovered by Hofmann (iv. 453 \ 

amongst the products of the dry distillation of aniline-blue, is likewise formed by the 
action of aniline on various aniline salts, according to the equation: + 

C«H*. — ( C®H*)*HN + NH*. It may be prepared by heating 1 J moL aniline with 

1 mol. aniline hydrochloride to 210^^-21 4° for thirty to thirty-five hours in a long-necked 
flask provided with a condensing tube, or more quickly by heating the same mixture 
in a closed vessel under a pressure of four or five atmospheres. On treating the 
product — which is a mixture of diphenylamine hydrochloride, aniline hydrochloride 
and colouring matters — with hot hydrochloric acid diluted with 20 to 30 times its 
bulk of water, the diphenylamine hydrochloride is decomposed by the water, and tha 
base thus separated rises to the surface as an oil which solidifies on cooling : it is 
purified by repeated crystallisation from ether or benzol, in which the colouring 
matters are insoluble, and finally by distillation. It then forms a white substanco 
which boils at 310® (De Laire, Girard, a. Chapoteaiit, j^uU, Soc. Chim. [2] vii. 360). 

Fbenyl-dfamlnes (Hofmann, Vroc. Roy, Soc. xv. 55).— Diamines containing 2 atoms 
of phenyl and 1 atom of a trivalent alcohol-radicle, such as mothenyl, cthenyl, &c., 
are produced by the action of phosphorus trichloride on a mixture of aniline with a 
fatty acid, acid chloride, or anilide, c.g. ethenyl-diphenyl-diamine, (C*H*)"'(C®H*)2HN®, 
by the action of PCI* on a mixture of aniline with acetic acid, acetyl chloride, or 
phenyl-acetamide. The phenyl-diamines containing ethenyl are described under 
ETHaNYL-DiAMiNUS (p. 686). Mcthenyl-dipkenyl-diaminey (CH)'"(C*H*)*IiN*, is 
described as formyl-diphenyl-diamino in vol. iv, p. 469. ’ 

(C^Hn'") 

Quintenyl-dipkcnyl-diamine, = (C^H*)^ In*, is obtained by heating 3 mol. 

valeric acid and 6 mol. aniline with 2 mol. phosphorus trichloride to 150®, precipitating 
the aqueous solution of the resulting viscid mass with soda-ley, and recrystallising 
flrom alcohol. It is nearly insoluble in water, melts at 111®, and forms a platinum 
salt which crysUllises in rhombic tables, slightly soluble in water, nearly insoluble in 
alcohol. 

Brnsenyl-diphenyl-diamine, = (C*H“P 

H > 

3 mol. phenyl-bonzamide, 3 mol. aniline hydrochloride, and 1 mol. phosphorus 
trichloride, crystallises in slender silky needles; the hydrochloride in sparingly soluble 
laminge, which lose the whole of their acid on recrystallisation. 

Phenyl-diamines containing aldohydo-radicles, ethylidene, benzylideno, &c., produced 
by the action of aldehydes on aniline, have been obtained by Sebiif, and several of 
them are described in vol. iv. pp. 456-459. 

Ethylidene-diethyl-diphenyl-diamuie^ = (C^H^)(C*H*)2(C*H*)*N*, produced 

by the action of ^etic aldehyde on ethyl-aniline, is a thick, bitter, scentless liquid, 
not distillable without decomp<jsition, and forming with the stronger acids, salts 
which are decomposed by water. The ^platmochloride has the comnosition 
2(C>“H«N*.HCl).PtCP. ^ 

J)ih€ptylide7ie-diph€nyl-diamine, (C’H'*)2(C®H*)*N2, previously obtained by the 
action of oenanthol on aniline, is also produced by heiiting aniline with cenanthol- 
Bodium sulphite : 

2(C’H>‘O.NaHSO>) + 2C»H’N = + Na^SO" + SO» + 3H*0. 

The dibenzylidene compound is obtained in a similar manner (Schiff. Ann. Ch. Pharm. 
cxl. 92 ; Jahresb. 1 866, p. 440). 


N*, obtained in like manner with 


l^KSKTirXiBJSrS 8UXi^!RXl>S (Stenhou.se, Proc. Roy. Soc, xviL 62 ; Ann. Ch. 
Phamn. cxlix. 262).— This compound is produced, together with phenylic sulphate and 
monosulphide, by the dry distillation of sodium phenylsulphite in an iron vessel, 
and remains after all the products volatile at 300® have passed over. On distilling 
the dark-coloured residue in a copper retort, an orange-coloured distillate is obtained, 
which after several days deposits a considerable quantity of large tabular ciystals ; 
and these, when freed from adhering oil by draining and pressure between paper, 
from phenyl bisulphide and other impurities by exhaustion with hot alcohol, and 
2 :ecrystallised from benzol or carbon bisulphide, and finally from alcohol, yield pure 
phonylcne siiluhide, in long, colourless, transparent, shining prisms. It is insoluble 
in water, slightly soluble in cold alcohol (1 pt. in about 400), more soluble in hot 
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alooholi melUi ftt 169®, and resolidifies at 153®. It dissolves in strong snlphuric 
acid, forming a liquid of a splendid purple colour, and becoming red with a purple 
tinge when mitred with a considerable quantity of the concentrated acid ; on addition 
of water this colour disappears, and a crystalline precipitate separates, which appears 
to consist of unaltered phenylene sulphide. With strong nitric acid it yields a 
crystalline substance, probably a nitro-substitntion product. 

PKBinXUM’B SVZiPKOBROMXBB, C*H^SBr*, is produced by the action of 
bromine-vapour on phenylene sulphide, or more easily by adding bromine in slight 
excess to a cold- saturated solution of the sulphide in anhydrous carbon bisulphide, 
the compound then separating in small black prisms, which may bo purified by 
washing with cold carbon bisulphide, and freed from that liquid by placing them 
under an air-pump receiver, exhausting, readmitting the air, and repeating these 
operations several times. The sulphobromide slowly gives up its bromine when 
exposed to dry air, and is quickly decomposed by moisture, with evolution of hydro- 
bromic acid. It is moderately soluble in carbon bisulpliide and in carbon tetrachloride 
(Stonhouse, loc. cii.). 

PBBXTTXiBPrX^-BZAMXKB. mVW = | N» (iv. 480).— The hydri- 

odides of a and phenylene-diamino are formed by the action of hydriodic acid on the 
corresponding nitranilines, the reduction of the a nitranilino appearing to require a. 
somewhat higher temperature tlian that of iS nitranilino. The a liydriodido is easily 
soluble, and crystallises in indistinct laminm ; the ^ salt is but slightly soluble, and 
crystallises in broad micaceous rectangular tables (Mills, Cficm. Soc. J. [2] ii. 162). 

Beta- or para-phenylcne-diamino is formed, together with aniline, by beating 
amidazobenxene with tin and hydrochloric acid (Martins a. Griess, Jahreab, 1865, 
p.4l9): 

C’*II*’(N1P)N2 + 2m = + mvN. 

A double salt of phenylene-diamino hydrochloride and stannous chloride, 
C*H'‘N^,2HCl,2SnCr‘*, is formed by treating a mixture of di nitrobenzene (1 mol.) 
and metallic tin (6 at.) with strong hydrochloric acid. The whole dissolves with 
violent action, and the solution when left to evaporate deposits the double salt in 
needles having a silky lustre (II. Gordomann, Z^itschr. f. Chern. [2] i. 61). 

When nitrous acid is passed into the aqueous solution of pheiiylone-diamine hydro- 
chloride, nitrogen is evolved, and a dark violet body, is formed, slightly 

soluble in water, alcohol, and other. Tliis body slowly gives off nitrogen when 
treated with hydrochloric acid, and yields aniline hydrochloride when boiled with tin 
and hydrochloric acid. An acidulated solution of phenylene-diamino hydrochloride 
gives with potassium nitrite a brown amorphous precipitate (Ilollomann, ibid. 665). 

Dibromophenylene-diamine^ is obtained as a dark brown precipitate on 

mixing the hydrochloride of phenylene-diamino with bromine till the odour of the 
latter remains ^ennanont after some hours. It is nearly insoluble in ether,, but 
dissolves easily in alcohol, and crystallises therefrom; cannot bo sublimed without 
decomposition (Holleraann). 

PBBJm-BTBOSirXiPHXrROtTS ikCXB. (Stonhouse, Proc. Roy. 

Soc. xvii. 62 ; Ann. Ch. Pharm. cxlix. 264). — This acid is formed by dissolving phenyl 
sulphide (C*H*)*S, with aid of heat in strong sulphuric acid. On dissolving the 
semi-solid mass which forms on cooling in a largo quantity of water, neutralising 
with barium carbonate, evaporating the filtrate till a crystalline film formls on its 
surface, and then leaving it to cool, bariiim phenylhyposulphite, (C''H*S’*0*}*Ba -f 
2H’0, separates in crusts composed of microscopic crystals. The copper salt also 
forms crystalline crusts. The calcium and sodium salts do not crystallise so well as 
the barium salt. 

PBBMTMlUXiPBUBXC ACXB. CWSO* (Kckul^, Zdtichr. f. Ckem. [2] iii. 
641 ; Jahresb, 1867, p. 637) Two modifications of this acid, which may be distin- 

guished as a and are produced by dis-solving phenol at a gentle heat in an {^ual 
weight of strong sulphuric acid ; on diluting the product with water, neutralising 
with lead carbonate, decomposing the lead salts with hydrogen sulphide, neutralising 
the acid filtrate with potassium carbonate, and evaporating, potessium a phenyl- 
sulphate crystallises out first in six-sided anhydrous laminae, while the ^ phenyl- 
sulphate is obtained from the mother-liquor in needles containing 2 mol. water. These 
two potassium sidts, when fused with excess of potash, yield different modificationa 
of oxyphenoi, C*li*0^ the a salt yielding resorcin, and the /8 salt pyrocatechin : 

eH^SO'K -h KUO =* SO»K* + C^H-O*. 
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From this it would appear that the a and 0 phenylsulphurie acids both have the 
constitution only in the relative positions of the radicles OH 

and SO*H ; in fact, that the a acid is paraphenylsuIpJiuric acid (1, 4), and the ff acid 
metaphenyl sulphuric acid (1, 3). But from the different reactions of the a and $ 
potassium salts with benzoyl chloride (p. 925), the two acids appear rather to be 
i^lated to one another in the same manner as isethionic and ethylsulphuric acids - 
thus : 


Isethionic. 


C*H^ 


OH 


iSO»H 

a Phenylsulphuric. 


Ethylsulphuric, 

$ Phenylsulphuric. 


A third modification, y phenylsulphuric acidy has been shown by Solomnianoff 
{Zeitschr. f. Chem, [2] v. 294) to bo formed, simultaneously with the o and 0 acids, by 
the action of sulphuric acid on phenol, its potassium salt being obtained in sinall 
quantity from the last mother-liquors of the 0 potassium salt. 

a 'Phenylsnlphate of potassium melts at 240° and decomposes at a higher tem- 
perature. Its aqueous solution gives with basic lead acetate a white precipitate of a 
basic lead salt nearly insoluble in boiling water. Potassium 0 phenylsulphate 
crystallises with various quantities of water ; from boiling water it separates with 
1 mol. water ; by sponhineous evaporation, with 2 mol. It is efflorescent, and is 
sharply distinguished from the a and y salts by its property of melting at 235°-240® 
to a yellow transparent liquid which solidifies to a vitreous mass on cooling. Its 
aqueous solution gives with basic lead acetate a white precipitate of a basic 0 phonyl- 
sulphato of lead, which cakes together when the liquid is boiled, is dissolved by 
boiling water, and separates out as a white powder on cooling. The y potassium salt 
crystallises in thin plates and needles, and is very soluble in water; the crystals contain 
about 2J mol, water, and do not effloresce quite so quickly as those of the 0 salt ; they da 
not melt at 240°. With basic lead acetate this suit gives a white precipitate wjfiich 
does not cake together on heating the liquid, and is but slightly dissolved by boiling 
water (SolommanofF). 

The a potassium salt is obtained at once in the pure state by digesting 1 mol. 
phenol at a gentle heat with 1 mol. chlurhydric sulpnate, SO’HCl, neutralising the 
aqueous solution of the product with barium carbonate, and decomposing the resulting 
barium salt with potassium carbonate. When 1 mol. SO’HCl is digested with 2 mul. 
phenol, and the aqueous solution of the product is agitated with ether to remove 
unaltered phenol, then neutralised with potassium carbonate and evaporated, the 
solution first deposits laminae of the a potassium salt, and the mother-liquor yields 
needles of the 0 salt. The dry a potassium salt treated with chlorhydric sulphate 
is converted into potassium phenyl-disulphate, C“H*OH(SO*K)* (Solommanoff). 

Several salts of phenylsulphuric acid (a?) have been examined by Menzner (.dwn. 
Ch, Pharm. cxliii. 75 ; Jahresh. 1867, p. 641). 

<ntloroplxen 3 rl- 8 ulpliurlo acid* C®H^C1 . SO^H, is formed by mixing 200 ^ms. 
monochlorophenol with 150 grms. fuming sulphuric acid. On leaving the crystallising 
mass to itself for some days, then converting it into a barium salt, and the latter into 
a potassium salt, the anhydrous salt C*H^Cl.SO^K separated out first in stellate 
groups of short flat prisms; then the hydrated salt C®H^Cl.SO*K + 2H®0, in flat 
colotirless monoclinic crystals, often united in crosses. This salt gives off its water 
at 110°, melts at 245°, and decomposes with intumescence at 300°. The mother- 
liquor contained considerable quantities of very soluble salts (Bahr-R’edari, Zeitschr* 
/. Chem, [2] vi. 246). 

Vichlorophenylsulpkurio acid^ C*H*C1* . SO*H, is produced as a potassium 
salt by stirring up a mixture of 10 pts. of potassium phenylsulphate (a) and 3 pts. 
potassium chlorate with 22 pts. commercial hydrochloric acid, the mixture being 
cooled, if necessary, to moderate the action. The resulting pasty mass washed with 
alcohol and ether to remove chlorophenols, and recrystallised from hot water, yields 
the potassium salt, C*H*CPSO<K, in white shining scales, easily soluble in hot, less 
soluble in cold water. The acid C®H®CPSO*H, prepared by decomposing this 
with an equivalent quantity of dilute sulphuric acid, evaporating to dryness, exhausti^ 
the residue with absolute alcohol, and evaporating the alcoholic solution, finally «> 
a vacuum over sulphuric acid, crystallises in colourless very deliquescent rhombic 
tables or prisms. The barium salt, C*H*CPSO‘Ba + 2H‘‘'0 (at 100°), separates by 
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evaporation in white crystalline crusts (Kolbe a. Gauhe, Ann, Ch. Pharm, cxlvii, 71 : 
Zeit^hr. f, CAem, [2] v. 232). 

On the chlorophonylsulplmric acids, see, further, Petersen a. Bahr-Prodari (Ann. 
Ch. Pharm. [1871] cxlvii. 121-165; Cke?n. Soc. J. [2] ix. 240). 

irttroplienylattlpluirlc Acid. C«H*(NO«)SO*H.— The potassium salt of this 
acid is obtained by heating mixture of 1 pt. finely pulverised potassium phenol- 
sulphate (a) and 1 pt. nitre with 1 pt. strong sulphuric acid and 5 pts. water, and 
purified in the same manner as the dichlorophonylsiilphate. When decomposed by 
dilute sulphuric acid, it yields nitrophenolsulphuric acid, which crystallises from 
alcohol by ©vapoiaition, finally in a vacuum, in colourless, short, whetstone -shaped, very 
deliquescent crystals. Ammonium sulphide converts it into a difficultly cry stalli sable 
substance, probably the corresponding amido-acid. 

Nitrophenylsulphuric acid forms salts containing 1 and 2 at. metal. The potassium 
salt, C*H'(NO*)SO*K, crystallises in stellate groups of needles ; the ammonium salt, 
C«H:*(N0*)S0‘(NH^)*, in brownish-yellow prisms. The barium salt, C»H>(NO^)SO‘Ba, 
forms small indistinct orange-red crystals, which retain 2 mol. crystallisation- water 
at 100®, and become anhydrous at 170®-180®. The cupric salt, [C*H*(NO*)SO*]*Cu, 
is a yellow-green indistinctly crystalline mass. The lead salt, [C^H‘(NO*)SO*J*Pb, 
crystallises in short thick yellow needles, easily becoming basic by evaporation 
(Kolbe ft. Gauhe). 

Kckute {Zeitschr. f. Chem. [2] v. 602) has obtained the same acid by the action of 
sulphuric acid on the volatile modification of nitrophenol. 

Benxopl-plienyUalplinrlc Aold. C®H*(C’H®0)S0<II =» 

(Engolhardt a. Latschinoff, Zeitschr. f. Chem. [2] iv. 75). — This acid is produced; 
1. As a potassium salt by heating the potassium salt of a phonylsulphuric acid with 
benicoyl chloride for some Injure to 140®-! 50®. The chlorine then acts on the 
hydrogen of the water-residue in the phenol, forming hydrochloric acid, and the 
benzoyl takes the place of the hydrogen removed ; thus : 

C«H\OH)SO>K + C’lPOCl = HCl -t- C"H\OC’IPO)SO>K. 

The dry white residue washed with ether to remove admixed benzoyl chloride and 
benzoic acid, and recrystallised fnjm boiling water, yields needle-shaped crystals of 
potassium benzoyl-pluinylsulphato. 

2. By treating 1 mol. phenyl-sulphuric acid (formed from C®H*0 and SO*H*) with 
2 mol. benzoyl chloride. The reaction is as follows ; 

+ H’^O + 2C’H‘OCl = 2HC1 + C’H«0» + C'H* | 

The reaction is assisted by a gentle heat ; and the product is treated with cold water, 
which extracts the benzoyl-phonylsulphuric acid, and leaves benzoic acid, phenyl 
benzoate, and an indifferent oil resulting from the action of the benzoyl chloride on 
the /3 phenylsulphuric acid present. On saturating the aqueous solution with barium 
carbonate, the sparingly soluble benwjyl-phenylsulphate of barium is deposited, 
while an easily soluble not isomeric salt remains in the mother-liquor. 

'S. By the action of sulphuric anhydride on phenyl benzoate cooled with snow ; 

C*H*OC’H»0 + SO» = C«HXSO>H)OC’H»0. 

The quantity of benzoyl-phenylsulphuric acid obtained by this method is however but 
small, and another acid not yet examined is formed at the same time. 

The acid obtained b}' the second or third process yields a potassium salt exactly 
agreeing with that obtained by the first process. This acid may therefore be distin- 
guished as a benzoyl-phonylsulphuric acid. Its formation in the second process 
results from the action of the benzoyl chloride on the o phenylsulphuric acid present, 
the acid giving rise to the indifferent oil above mentioned. 

Ihiassium a Benzoyi-phenylsulphate, C*H*(OC’H^O)SO’K, dissolves easily in boiling, 
sparingly in cold water, and separates from aqueous solution in long^ needles ; it 
dissolves also in boiling alcohol, and separates therefrom in flat shining ne^les. 
Heated with hydrochloric acid, it decomposes, with s^aration of benzoic acid ; a 
similar decomposition takes place also when it is digested with potassium carbonate. 

The barium salt, [C*H*(OC’H*0)SO»]*Ba, precipiteted from the solution of tlm 
potassium salt by barium chloride, is sparingly soluble in cold, nearly insoluble in 
boiling water, and separates from the not solution on cooling in tufts of slender 
needles. The calcium salt, [C*H*(OC^H*0)SO*]*Ca, resembles the barium salt. The 
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Uad mlt, [C*H<(0C^H*0)S0*]*Pb 4- 2H*0, dissolves sparingly jn cold, more easily 
in boiling water, and crystallises in nodular tufts of needl^. The magnesium sJt 
crystallises in shining laminae slightly soluble in cold, more easily in boiling water. 
The copper salt, [C«H<(0C’H*0)S0*]*Cu + 6H^O, forms shining blue laminae, which 
give olf water and become colourless when heated. The silver salt, Cl*H'‘(OC’H^O)SO*Ag, 
crystallises in laminaa more soluble in hot than in cold water. 

Benzoyl chloride acts upon the potassium salt of 7 phenyl-sulphuric acid at 140°, 
in the same manner as on the a salt, producing potassium 7 benzoyl-phenylmlphate, 
which when dried at 130° has the composition C®H‘*(OC’H^O)SO*K. It is sparingly 
soluble in cold, easily in boiling water, and separates as a gelatinous mass consisting 
of nodular groups of very slender needles. It dissolves also in boiling alcohol, and 
the solution solidifies on cooling to a gelatinous mass changing spontaneously to 
stellate groups of needles. The barium salt, [C‘’H*(OC’H^O)SO*]*Ba, is less soluble 
in water than the corresponding a salt, and separates from a boiling solution on 
cooling, in the form of a white powder (SolommanofF, Z^eitschr. f. Chem. [2] v. 297). 

The potassium salt of /3 phonylsulphuric acid reacts with benzoyl chloride quite 
differently from the a and 7 salts. The mixture heated to 125® melts, without 
evolution of hydrochloric acid, to a yellow liquid, which solidifies on cooling to a 
viscid amorphous mass ; and on treating this mass with potash, dissolving the oil 
thereby separated in ether, and evaporating, a crystalline mass is obtained which, 
when freed by pressure from a yellow oil and redissolved in alcohol and ether, yields 
crystals of phenyl-benzoyl or benzophenone, This is the only 

well-characterised product of the reaction. The yellow oil has not been analysed, 
but it appears to contain sulphur. Only a very small quantity of potassium benzoyl- 
phenyl-sulphato is obtained, consisting apparently of the 7 modification, the for- 
mation of which is due to the presence of a small quantity of 7 phenyl-sulphate 
(Solommanoif). 

From the reactions above detailed it appears that a and 3 phenylsulphuric acids 
are related to one another in the same manner as isothionic and ethyl-sulphuric acids, 


the a acid being .constituted like isethionic acid, 


som 

OH » 


and ethyl-sulphuric 


The relation of these acids to phenol may be exhibited by the following formulne : 


Phenol, C«H»OH. 

Potassium phonate, C®H®O.K. 

Phenyl benzoate, C®H®0(C^II*0). 

o Phenyl-sulphuric acid, C«H<(S05H)0H. 

Benzoyl-phenylsulphuric acid, C®H*(SO’H)0(C’H^O), 
fi Phenylsulphuric acid, C*H*0(S0®H). 

Phenyl-phosphofic acid, C®H*0(P0®H'^). 


The formula of /3 phenyl-sulphuric acid, which contains no alcoholic hydrogen, shows 
that this acid cannot give rise to an isomoride of the benzoyl-phenylsulphuric acid 
derived from a phenylsulphuric acid (Engelh^rdt a. Latschinoff). As o end 7 phenol- 
sulphuric acids both give rise to benzoyl-phenylsulphuric acids, they probably differ 
only in the relative positions of the groups OH and SO®H. 

fSO>H 

Pbenyl-dlaulpliurlo Aold. C®H®S*0' C^H^-lSO^H (Kekul5, Zeitschr. /. 

I OH 

Chem. [2] ii. 693. Engelhardt a. Latschinoff, Und. iv. 270), Disulph^henvlenic Acid 
^riess, Jahresb. 1806, p. 466). Oxpphenylene-disulphonie Acid (Weinhold, Ann. Ch. 
PAam. cxliii, 68). Phenetyldisvlphonic Acid (Stadeler, ibid, cxliv. 296). — This acid is 
produced by treating phenylsulphuric acid or phenol with excess of ordinary strong 
sulphuric acid, or better with a mixture of ordinary and fuming sulphuric acid, or 
with vapour of sulphuric anhydride, also by the action of strong sulphuric acid on 
diazobenzene sulphate. Engelhardt a. LatschinoOT heat 100 grms. phenol on the 
water-bath with 400 grms. of a mixture of equal parts of ordinary and lining 
smlphuric acid. On diluting the product with water, nearly saturating it with barium 
carbonate, and concentrating the slightly acid filtrate, an abundant crystalliwtion of 
barium pheuyldi sulphate is obtained, which may bo purified by reciystallisation from 
water. 

Phenyl-disulphuric acid separated from its lead or barium salt, and evaporated 
ovw sulphuric acid, crystallises at first in long silky needles, and then solidifies to a 
very deliquescent crystalline moss (Stadeler). According to Weinhold, the solution 
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evaporated to a syrup solidifies after somo time in stellate groups of silky ciTstals» 
which are very deliquescent, dissolve readily in alcohol, molt when heated, and 
decompose above 100°, with formation of sulphuric acid and emission of an odour of 
phenol. , 

The metallic phenyldi sulphate, with exception of the basic lead salt, are very 
Doluble, and crystallise with difficulty ; they <lo not decompose when heated to 180° 
with potash-ley, but yield sulphuric acid when treated with nitric acid, chlorine, 
potassium chlorate and hydrochloric acid, or with hydriodic acid. The pota^um 
saltt 2C*H^S*0’K* + H^O, crystallises in monoclinic prisms which give up their 
water when heated above 100°. The diharw salt, C®H*S-C’Ba + 4H*0, is insoluble 
in absolute alcohol, and crystallises in monoclinic prisms, which effloresce on the 
surface at a gentle heat, but do not give off the whole of their water till heatetl 
above 226° (Woinhold). A triharic salt, (C®II®S'‘'0^)*Ba* + 611*0, is obtained by 
boiling the dibaric salt with barium carbonate ; it is pulverulent, sparingly soluble in 
water even at the boiling heat; has a strong alkaline reaction ; gives off 4 mol. water 
at 170°, and tlie rest at 225° (Stadelor). The neutral lead salt crystallises by slow 
evap<Hnition in needles, and is easily resolved in aqueous solution into basic and acid 
salt. A basie lead salt, 2C®U^S*0*Pb . PbO + SIPO, separates on cooling from the 
aqueous solution of the neutral salt in crystalline scales feeling like talc. It forms 
easily Soluble double salts with ammonium phenyl-disulphate, and with basic load 
acetate (Weinhold). 

VSdEiOllSITZC j&ClO. — This acid is isomeric with hydrocoumaric, or 

melilotic, and hydroparacoumaric acids, all three having the composition of oxyphenyl- 

propionic acid, | hydrocoumaric acid is converted by fusion with 

potash into salicylic acid, and hydroparacoumaric acid into paraoxybonzoic acid. It 
might therefore be expected that phloroLic acid when similarly treated would yield 
oxybenzoic acid. Acconling to Barth, however {Ann. Ch. Phar?n. clii. 96^, it also 
yields paraoxybonzoic acid. It follows therefore that the relation of phlorotic acid to 
its two isomorides cannot be that of an ortho-oompound to a mota- and a para- 
compound. See IsoPHLOEETic Acid {h\fra). 

VXXORlSTZJr. On the preparation of this substance from a constituent of the 
root- bark of the apple- tree, see page 189. 

PKMltZSZXr. C**1I*^0*® (iv. 493). — By treating this substance with acetyl 
chloride or acetic anhydride it is possible to replace five of its hydrogen -atoms by 
acetyl ; it may therefore be supposed to contain five atoms of hydroxyl, and represented 
by the formula (Schiff, Zeitschr. /. Ohem. [2] v. 619). 

ZeoplUorlxin. (Rochledor, ihid, iv. 741). — This substance occurs in the 

leaves of the applc-treo. It forms thin silvery needles half an inch long, which, like 
phlorizin, begin to melt at 105®. It dissolves easily in ammonia to a pale yellow 
liquid, which, after exposure to the air for a sliort time, becomes brownish-violet, and 
after the ammonia has evaporated, solidifies to a mass of colourless ciystals sparingly 
soluble in cold water. Isophlorizin is procipitate<l from its aqueous solution by basic 
lead acetate, a property which may bo made available for separating it from the 
decoction of apple-loaves. 

The aqueous solution of isophlorizin heated with sulphuric acid, is resolved, much 
more quickly than phlorizin, into glucose and isophlorotin, a compound 

distinguished from phlorotin by its easy solubility in ether. Isophloreiin heat«d 
for some minutes with veiw strong potash-ley is resolved into phloroglucin and 
isophloreticacid, the former of which may be dissolved out by ether, and 

the isophloretic acid separated from the potassium salt by sulphuric acid (for details 
of purification see the original paper). It separates from aqueous solution, by evapo- 
ration in a vacuum over sulphuric acid, in large crystals melting at 129°. It is 
distinguished from phloretic acid by not forming a green solution with ferric chloride ; 
from hydrocoumaric acid (melting at 82°) by its much higher melting point; and 
from hydroparacoumaric acid, which melts at 125°, by the power which the latter 
possesses of reducing an alkaline cupric solution, Isophloretic acid is jperhaps the 
ortho-modification of the acid but its reaction with fused potash has not been 

investigated. 

VHIbOHOOliITCZSr. C®H®0* « C*II*(OH)*. — This triatomic phenol is produced 
by the decomposition of a groat number of organic substances. Its formation from 
phloretin, quercetin, and morintannic acid is noticed in vol. iv. p. 693. It is also pro- 
duced in the following reactions : 1 . Together with protocatechuie acid» by the action 
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of melting potash on catechin, scoparin, Juteolii], horso-cJiestmit tannin, and the 
body formed by beating this tannin in an atmosphere of carbon dioxide: ^ 

== 2cm^^o^ + C'ir®o^ 

Catecbin, Pblorogluciif. Protooatechnio 

acid, 

CsijfMOia + ^ C«H«0» -f 2C^WO* + CO'^ + 2H^O 

Scopatin, 

+ 2IPO + o* = 2cm^o^ + + CO^ 

LuteoUn, 

C*«h2<0'2 + O* = 2C«H«0> + 2CWO< 

Tannin of 
Horse-chestnut. 

C2««H«0" + H^O + O* = 2C«n“0* + 2C^H«0*. 

Red body. 

(Malin, Ann, Ch, Pharm. cxxxiv. 118. Hlasiwetz, ibid, cxxxviii. 190. Koolileflep, 
Bull. Soc. Chim. [2] viii. 115, 122). Batanhia-recl, tormentil-roii, and the phlo])ji- 
pbene of the oak have the same composition as horse chestnut-red, and are 
decomposed by fusion with potash in the same manner (Grjibowski, Jahreab. 1867, 
p. 483; ZeitBchr, f. Chem. [2J iv. 508. Ilembold, ibid. 571). — 2. Together with 
protocatechuic acid, paraoxybenzoic acid, and other products, by fusing dragon's blood 
or gamboge with caustic potash (Hlasiwetz a. Idavth^ Jahresb. 1885, p. 675; 1866, 
pp. 628, 631). 

Phloroglucin heated to 140° with saturated aqueous hydriodic acid is not reduced 
(even in presence of phosphorus), but is converted, by abstraction of water, according 
to the equation 2C*H*0* — H‘^0 *= into a new body which crystallises in 

nearly tasteless scales, slightly soluble in warm water and alcohol, insoluble in ether, 
and consisting of + 2WO, The water is given off at 120° (Hlasiwetz, 

ZeitBchr.f. Chem. r2] i. 613). 

A moderately dilute solution of phloroglucin mixed with a similar solution of 
quinine aidpkate slightly acidulated with sulphuric acid, yields large concentrically 
grouped needles consisting of a compound of quinine sulphate and phloroglucin, 
C**H**N*0*, SO^H* . C®H®0* + 2H*0. Orcin and resorcin form similar compounds with 
quinine sulphate (Hlasiwetz, loc. dt.), 

WMTbOUOJb or PBXiOK’n /LXiCOBOXi, C«H*®0 = C®H^ | CH^(CH*) ^ 

the constituents of beech-tar creosote, and is obtained by repeated fractional distilla- 
tion of the portion boiling between 217® and 220°. When dehydrated by distillation 
over sodium, it forms a colourless oily liquid boiling at 219°— 220°, and gmduiilly 
turning reddish when exposed to light (Marasse, Ann. Ch. Pharm. clii. 76). 

VBXOXIOII’B. C*H*0*. — This body, homologous with quinono, was discovered by 
Kommier a. Bouilhon (iv. 496), who obtained it by oxidising coal-tar creosote 
with sulphuric acid and manganese dioxide. Gorup-Besanez a. von Rad {Zeitschr. f. 
Chem. [2] iv. 560) have obtained it in like manner from that kind of Rhenish beech- 
tar creosote which consists mainly of crosoh The liquid mixed with 1^ times its 
weight of strong sulphuric acid, is left to stand for 24 hours, then diluted with 6 vol. 
water, and distilled at a gentle heat with times its weight of manganese dioxide. 
A yellow liquid then passes over, which soon deposits phlorone in yellow crystals and 
solidifying oily drops, while the condensing tube becomes fillet! with long yellow 
needles. The crystals are collected, the yellow distillate is agitated with ether, the 
ethereal solution evaporated, and the crystals thus obtained, together with those first 
deposited, are reciystallised from alcohol. In preparing pWorone from coal-tar 
creosote, it is also necessary bo leave the mixture of the creosote with sulphuric acid to 
stand till it no longer becomes turbid on addition of water ; otherwise it yields ly 
oxidation a brown liquid, but no phlorone. Crosol boiling at 198° yields abund- 
ance of phlorone when oxidised as above ; but xylylic phenol boiling at 214° yields 
only a brown unctuous mass, with very little phlorone. Guaiacol prepared by dr^ dis- 
tillation of guaiac resin yields a body veiy much like phlorone, but possibly consisting 
of its next lower homolpgue (v. Rad, Ann, Ch. Pharm. cli. 168 ; 'Zeitschr,/, Chem. [2] 
V, 712). 

Phlorone crystallises in golden-yellow oblique rhombic prisms, which when heated 
give off a pungent odour, attacking the eyes and mucous membranes ; it sublimes 
without decomposition at a stronger heat, and volatilises even at ordinary temperatures. 
It is heavier tlmn water, melts at a temperature above 100° (v. Rad ; at 61°-62° accord- 
ing to Rommier a. Bouilhon), dissolves sparingly in cold, easily in boiling water, also 
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in alcohol and other. Its solutions colour the skin deop brown. Sulphuric acid 
dissolves it with yellow colour ; alkalis impart to its solutions a brown colour, which 
disappears on addition of sulphuric acid. Dihite nitric acid dissolves it with yellow 
colour; with strong hydrochloric acid at the boiling heat it forms a brown solution 
which oh cooling deposits white crystals of chlorhydrophlorone. With solid potash it 
forms a green mass. Phlorone solutions are decolorised by sulphurous acid and 
stannous chloride ; ferric chloride colours thorn brown ; hydrogen sulphide produces 
a precipitate. 

Cliloropliloroiiea (v. Rad, loc.cit .). — When dry chlorine is passed over mo lemtoly 
heated phlorone as long as hydrochloric acid continues to bo ev'olved, the phh^rono 
deliquesces to a yellow liquid, which on cooling deposits crystals, separable bv means 
of alcohol into monochlorophlonuie and dichlorophlorono, the former being the more 
soluble of the two. The same products are obtained by treating phlorone with hydro- 
chloric acid and potassium chlorate. 

Monochlorophlorone, crystallises in yellow needles melting below 

100° to a brown liquid which resolidifies in the crystalline form on cooling. It has a 
peculiar aromatic <xlour, and dissolves easily in alcohol, ether, and acetic acid. Its 
solution in weak alcohol, boiled and left to cool, deposits a brown crystalline body, 
perhaps brown chlorhydrophlorone. When sulphurous acid gas is passed into warm 
water in which monochlorophloroiie is BU8i»ended, the liquid on cooling deposits colour- 
less crystals of monochlorohydrophloroiie. Strong sulphuric acid dissolves monochloro- 
phlorone, forming a deep yellow solution; potfissium nitrite heated with it produces a 
fine rod-brown colour. Its solution in acetic acid is coloured by soda-ley first 
green, then brown ; the alcoholic solution is immediately coloured brown by soda or 

ammonia. .. i i 

Dichlorophlorone, CWOPO^ forms light yellow^ unctuous lamiuie very slightly 
soluble in C'^ld alcohol, easily in hot alcohol, boiling acetic acid, and ether; it dissolves 
with yellow colour in strong sulphuric acid, and is turned brown in alcoholic solution 
by soda, ammonia, and ferric chloride. 

Bydropliloroiie, is produced by passing sulphurous acid gas into a 

saturated aqueous solution of phlorone containing phlorone in susponsion, till all the 
erysUils have become colourless. It cryHt<illi8<^s from hot water in colourless nacrcMHis 
larninie, melts and sublimes when heated, <lissolvcs easily in water, especially when 
heated, also in alcohol and ether. Ammonia colours the solutions brown, change<l to 
dark red by heating or by conbict woth the air. AVith soda-ley a green colour is pro- 
duced, becoming brown in contact w'ith the air. Ry boiling with ferric chloride, dilute 
nitric acid, or silver nitrate, liydroplilorone is oxi<lised to phlorone, in the hitter case 
with precipitiition of mt tallic silver. Roiled with solution of cupric acotite it throws 
down cuprous oxide, and emits a strong o<lour of phlorone. With solid potash itiorms 
a (lark green mass, buniing sulphuric aci<l dissolves it, with red colour, and the 
solution, diluted with water and neutralised with barium carbonate, contains a barium 
salt very soluble in water, insoluble in absolute alcohol. The aqueous solution of this 
iu‘id colours ferric chloride dark brown, reduces silver salts, and forms a white precipi- 


tate with lead acetate. , , ^ 

Chlorhydrophlorone, is prepared by boiling phlorone crystals with 

strong hydrochloric acid. After repeated crystallisation from hot water it forms 
colourless silky needles, melting when heated to a brown liquid which solidities Uy a 
colourless crystalline mass, and subliming with partial decomposition in colourless 
shining laminae mixed with violet needles ; itdis.solvc8 easily in hot water, alwhol, and 
ether. Solid chlorhydroi>hlorone is coloured violet by ferric chloride and forms a 
green mass with potash. Its solutions are coloured brown by ammonia and fixed 
alkalis, reduce silver nitrate when heated, giving otf the odour of chlorophlorone, and 
precipitate cuprous oxide when heated with cupric nitrate (v. Rad). 

Dichlorhydrophlorone, C«H“CRO*, is produced by passing sulphurous acid 
gas into water in which dichlorophlorono is suspended, and warming the liquid on the 
water-bath till the yellow laminae become colourless; it is purified by washing with 
cold water, crystallisation from boiling water, and finally from m^erately hea^l 
acetic acid. It sublimes with partial decomposition, yielding dark brown needles 
which bum with green-edgod flame when heated: on phitinum foil. It dissolves 
sparingly in cold, easily in hot water, very easily in ether, alcohol, and strong acetic 
acid. In potash-ley it dissolves with green colour, changing to brown-red ; in wann 
sulphuric €^id with deep brown colour. The alwholic solution is coloured Wn by 
ammonia, and then yields with hydrochloric acid a violet flocculOTt precipitate. It 
reduces silver nitrate and cupric acetate, and is convert^ by hydrc«hloric aad and 
potassium chlorate into yellow crystalline laminae. With feme chloride it immediately 
yields a violet flocculent precipiute, perhaps analogous to violet dichlorhydroquinone. 
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Phlorono may be formiilated either as ethyl-quinone, C«B:*(C*fl»)0» or as diaBHUi 
quinone; but, since the highest chlorinated' product obtainable from it by the ’ 
of chlorine or of hypochlorous acid, is dichlorophlorone, it appears to hare ofthS 
atoms of hydrogen easily replaceable by chlorine, and is therefore most xmM 
dimethylqumone ; in like manner dichlorhydrophlorone may he regarded as mS. 
hydroquinone : ^ ' 

Quinone. Hydroquinone. 

Pbloroae, Hydrophlorone, 


FB£OSn ASCOaOZi. Syn. with Fslobol (p. 927). 
jPKOSSirS. See Fuotene. 


PBOSOJDIVB- Syn. with Carbos Oxychloribb (p. 405). 

ACXI>3, Gladstone has described three phosphamic acids 
derired from pyrophosphoric acid by substitution of 1, 2, and 3 at‘. amidogen for 
hydroxyl (iv. 766) ; these may be formulated as follows ; 

Pyrophosphoric acid P(H0)^0 ( 

Pyrophosphamic acid ...... 

Pyrophosphodiamic acid ..... p^NH^)(HO)o|^* 

Pyrophosphotriamic acid P(NH*)(H0)0 1 

The following are additional details respecting those acids (Chem. Soc.J. [2] vi. 64): 

Pyrophosphamic acid, P'(NH*)H^O*, is produced by the decomposition of the 
tetraphosphamic acids (p. 931); also by the following methods: a. When pyrophos- 
phoric acid is saturated with ammonia, and barium hydrate is added not in excess, a 
white precipitate of barium pyrophosphamate is obtained ; with excess of baryta, 
pyrophosphate is the only product. A similar result is produced when lead acetate 
or ferric chloride is added instead of barium hydrate. — A salt having the composi- 
tion of ferric pyrophosphamate is likewise formed when insoluble ferric pyrophosphate 
is precipitated in presence of a large quantity of sal-ammoniac ; or by dissolving ferric 
pyrophosphate in ammonia and precipitating with sulphuric acid ; or again by pre- 
cipitating soluble ferric pyrophosphate from its solution in sulphuric acid by ammonia. 
The compound thus obtained differs however from the ferric pyrophosphamate pre- 
viously described, in being soluble in sodium pyrophosphate and in ferric chloride, 
slightly also in water, and in being decomposed by cold dilute sulphuric acid. It may 
therefore be regarded either as a soluble modification of ferric pyrophosphamate, 
[P*(NH*)0®]^Fe'‘* 2II“0, or perhaps only as ammonio-ferric pyrophosphate, 

(P''0’)*(NH^)*Fe*. It is not converted into the ordinary salt by boihng with very 
dilute sulphuric acid. Copper salts give similar results. 

Pyrophosphodiamic ucfrf, F2(NH2)*B[W, is most distinctly characterised by 
the white flocculent precipitate thrown down from its hot strongly acid solution by 
ferric chloride ; this precipitate does not melt when heated, but blackens, gives off 
ammonia, and forms a sublimate, whereas ferric pyrophosphate merely melts without 
blackening. 

Pyrophosphotriamic acid^ P^(NII^)*HO*, is most abundantly produced by 
satiu-ating phosphorus oxychloride (not cooled) with ammonia gas, heating the product 
to 220°, and boiling it for a short time with water. 

With regard to the formation of these amidated acids from phosphorus oxychloride. 
Gladstone supposes that the oxychloride reacts in the cold with 2 mol. ammonia, so as 
to form the amide P(NH*)CPO, and at higher temperatures with 4 mol. ammonia to 
form the amide P(NH*)®CIO. The formation of pyrophosphodiamic acid from these 
amides takes place in the manner shown by the following equations : 

2P(NH»)CP0 ■¥ 3H*0 = 4HC1 + P»(NH»)»H»0>. 

2P(NH2)*C10 -H 3H"0 - 2NH<C1 + P*(NH»)’H*0». 
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Pyrophodphamates are formed by the action of metallic chlorides on the diamio 
aei4i tw: 

^P*(NH*)*H*0* + H^O + 3MCI = NH^Cl + 2HC1 + P*(NH“)M>0«. 

Pyroi^sphotriamic acid appears to bo formed from an amidated oxychloride of 
unknown composition. 

T»teaphosphamic Acids (Gladstone, Chem. Soc.J. [2] vi. 261).— Those acids, 
also produced by the action of water on the amides of phospliorus oxychloride, may 
be derived from tetraphosphoric acid, P*(H0)“0’, the acid correspotidinc to the phos- 
phates, 537) ; thus : 

Tetraphosphodiamic acid .... P‘(NH2)*(H0)‘0^ 

Tetraphosphototramic acid .... P\N11*)*(H0)*0^ 

When phosphorus oxychloride is saturated at a low or moderately high tcinporatures 
with ammonia, a white mass is formed which dissolves completely in water, with 
exception of a small quantity of pyrophosphotriamic acid ; and alcohol added to this 
solution throws down either a viscid liquid or light solid precipitate, sometimes also a 
glutinous substance which appears to ho a mixture of the other two. The liquid 
compound, when purified by washing with alcohol, repeated precipitation by alcohol 
from its aqueous solution, and drying in a vacuum, has the composition P‘N*I1**0'*. 
It id very hygroscopic, sustains a temperature of 100° without decomposition, gives off 
ammonia when treated with cold potash-ley, and is decoruposed by liyclrochlorie acid 
into orthophosphoric acid and sal-ammoniac. With ammonia it forms a liquid 
compound slightly soluble in w'uler, insoluble in alcohol, from which the original 
substsince is separated by dilute sitl})huric acid. In aqueous solution it forms solid 
pi’i ci])itatcs with many metallic salts, but appears at the snino t ime to undergo altera- 
tion, inasmuch as neither of those comp<3und8 contAins more than 3 at. nitrogen to 
4 at. phosphorus, and they all, when decomposed by acids, yield solid tetramides and 
pyrophosphamic acids. From its reaction with potash, the compound may 

be regarded as tlio triammonium s:iltof t€traphoi{pk.odia?nic acid, P^(NfP)'''II(NH*)*0". 

Teirapkospkotctramic acid, P^(NH*)^H’'0*, is obtainotl either by decomposing the 
liquid compound with a metallic salt, and the precipitate with an acid, or more 
readily by dissolving the above-mentioned glutinous body in water, decomposing 
it with a largo excess of a mineral acid, precipitating with alcohol, and repeating tliis 
treatment till the precipitate becomes sparingly soluble in water, and friablo 
after drying. It is likewise produced by boiling the liquid acid with water for several 
hours, or by treating it with alkalis or strong acids. Its formation is usually accom- 
panied by that of pyrophosphodiamic or pyrophosphotriamic acid. It combines with 
bases, and is sepiimted by acids from the resulting compounds, apparently unaltered. 
It appears to form two ammonium salts, one of which, precipitated by alcohol 
from tJie aqueous solution, has the composition r'(Nir‘')'lI(NH^)0", and gives off all its 
ammonia in a vacuum. Two silver .sails, and P^N'H'‘Ag‘‘'0‘', have also 

been examined. 

Tetraphoaphopeniazotic Acid. P*N*'’H''0’. — When phosphorus oxychloride is 
rapidly saturated with ammonia, the mass becomes strongly heated, and when treated 
with water leaves a body diflerent from pyrophosphotriamic acid. This compound 
IS obtained in greater purity when the product, saturated with ammonia, is heated 
above 200°, but not to the volatilising point of sal-ammoniac, and then exhausted 
with water. The insoluble residue consists of tctraphosphoperitazotic acid. It is 
decomposed with mfxlerate facility by water, and quickly at the boiling heat, with 
formation of pyrophosphamic acids ; a similar transformation takes place gradually 
in the dry state and at ordinary temperatures. The salts of this acid are nearly or 
quite insoluble. The ammonium salt, P^N'II''(NH^)0^ and the potassium salt, 
P^N»H*KO', have boon examined ; also the silver, copper, and lead salts, which, 
however, have not been obtainefl of constant composition. 

When tetraphi'sphopentazotic acid is treated with neutral or slightly acidulated 
silver nitrate, a pale yellowish -brown precipitate is formed, having nearly the compo- 
sition P^N^H^Ag'-^O^. Gladstone regards this salt as the silver salt of tetrapkospw- 
letrimic acid, P*(NH)^H*0^ (Chem. Sac. J. [2] vii. 22). 

^VOBPXAMZDBS. By passing dry ammonia gas into phosphorus oxychloride, 
and digesting the product with water to dissolve sal-ammoniac, BchifF (iv. 498) 
obtained phosphotriaraide, PO(NH®)*, OladsUme, on the other hand, did not 
obtain this compound, but only the intermediate bodies POCl*(NH*) and POCl(NH*)* 
(Chem. Soo, J. [2] vii. 16). 8chiff, however, in a, recent paper (Zeitechr, f. Chem. [2] 
V. 609) again asserts the formation of the phosphotriamide, and points out that in 

3 o2 
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order to ensure the complete replacement of the chlorine in POCl’ by amidogon 
it is necessary to use perfectly dry ammonia gas, to pulverise the mass frequently 
during the operation, again treat it with ammonia, while warmed, and finally leave it 
for some time in the pulverised state in a vessel filled with ammonia gas, agitating it 

(O.OH 

frequently to promote the absorption. If phosphoric acid be represented as PJ OH 


and phosphorus oxychloride accordingly as P 


I OH 

O.Cl 

Cl , it will be seen that one atom of 
Cl 


chlorine in the latter may have a different function from the rest, and may be more 
difficult to replace by amidogen. If the oxychloride used retains a small quantity of 
pentachloride, the phosphotriamide formed as above will contain a cert^iin quantity of 
chlorine, inasmuch as the pentachloride is decomposed by ammonia according to one 
of the following equations : 


or 


PCP + 4NH» = NPCP + SNH^Cl 

Nitrogen 

Phosphochloride. 

PCI* + 5NH> =. + SNH'CJ. 

Chlorophos- 

phaiuidc. 


In the latt-er case, on dissolving out the sal-ammoniac by watop, phosphod iamid® 
would be formed : 

+ H'O - 2HC1 + N’jy?. 

'Phospho-phenyldiamide or Phosptho-dianilide^ N-(PO)'"(C®H*)’, is formed in like 
manner by the action of phosphorus penbichlori<le on aniline, and remains, on treating 
the product with water, as a white fiocculent substance. Heated with water it mclls 
somewhat below 100® and is gradually converted into aniline phosphate. With phoN- 
phoins trichloride, aniline forms the trianilide of phosphorous acid^ together with 
aniline hydrochloride : 

PCP + 6C«H^N = 3(C«H'N.HC1) -f r(NII. C«H^)3. 

The trianilide which is the less soluble part of the crude product is gradually converted 
by the action of water into aniline phosphite (Schifi). 

Phenyl -sulphuryl-dwhlorophospkandde, C*H*,SO’.NIl.PCH, is formed by the action 
of phosphorus pentachloride on the so-called bonzone-sulphamide : 

C“H\S02Nn2 + PCI* = CF + HCl + C^H^.SO*. NH.PCF. 


The crude product poured while still warm on a porous plate, and then left for some 
time over sulphuric acid, solidifies at first, but afterwards becomes semifluid, an oily 
liquid sinking into the plate. The remaining solid compound crystallises from ether 
in large shining crystals, which must bo enclosed immediately in a sealed tube to pre- 
serve them from alteration. They melt at 130®-131® and are reconverted in to benzene- 
snlphamide by contact with moist air, or more quickly by water or alcohol (Wichclhaus, 
Zeitschr.f. C'hem. [2] vi. 54). 

PBOSPBAlirXXiZXirXl. (C1«H>»P'")N» (Tait, Zeifschr.f Chem. [2] i. 648).-— When 
well-cooled aniline is mixed by drops with phosphorus trichloride, violent reaction 
t4ikes place, and an unctuous mass is formed, the aqueous solution of which, freed from 
excess of aniline by passing through a wet filter, solidifies by evaporation in a vacuum 
over sulphuric acid to a mass of needle-shaped crystals, consisting of the hydro- 
chloride of phosphaniliiie formed by direct combination of aniline and phosphorus 
trichloride : 

3C«H'N + PCP = C’^n^^PN’.SHCl. 


The plaiinochloride^ 2(C’*H’*PN*.3HCl),3PtCH, forms pale yellow granular crystals 
soluble in water and alcohol, but not in ether, A srincochloride^ 2(C‘"H'"PN*. 3HC1). 
3ZnCF, ia obtained in somewhat deliquescent needles soluble in alcohol, by dissolving 
zinc in the acidulated solution of the hydrochloride, and evaporating at about 93®. 
The hydrochloride also forms double salts with cadmic, cupric, and mercuric chlorides. 
Bromine-water produces in the solution of the hydrochloride a brown precipitate 
^lontaining tribromanilino. Phosphaniline itself has not been isolated. 
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C^H*. — Produced by the action of gaseous 

hydrogen phosphide on cyanogen chloride dissolved in ether. The reaction takes place 
easily at 100°, and on distilling off the ether, the cyanethylic phosphide remains as a 
liquid, which solidifies in a dry atmosphere. It crystallises in rhombic plates, inelta 
at 49°-50°, volatilises without decomposition, and dissolves easily in water, alcohol, 
and ether. Its formation is roprosonted by the equation : 

CNCl + PH* + (C*U^)‘0 HCl + C^mO + P(CN.H.C2H*). 

When oxidised it gives off an odour of aldehyde or acetic acid (DarmsUidter a. 
Ilenniger, Compt. rend. Ixx. 404). 

PKOSPHOWXTaitlS. This name is now applied by Gladstone to the compound 
PNO (Gerhard t’s biphosphamide), which may also bo regarded as phosphomonamido, 
K(PO)'". It is produced by strongly heating the product obtained by the action of 
ammonia on phosphorus oxyclilorido, being formed by abstraction of 2HCI from the 
compound PCP(NH’')0, or of NH' Cl from PCl(NiP)‘b (Gladstone, CAcw. Soc. J, [2] 
vii. 18). 

PHOSPa[OW2Xinri.lC acid. P-^NHO*. - Prom observations by Holmes, 
reported by G ladstone {ibid-. 79), it appears that I lie potassium salt of this acid is 
obtained by igniting potassium pyrophosphotriamate : 

P2N=*H‘'KO* = 2NH» + 

The ammonium salt appears to bo formed by ignition of pyrophosphotetramic 
acid : 

P^N^H'O* - NIP = P2N(Nn<)Ob 

PHOSPaORVB. On the atomicity of pliosplioriis, see Wicholhaus (Ann, Ch, 
Pharm. Supjd. vi. 257 ; Jahresh. 1888, p. 148). 

Modifications. — Hittorff Ann. exxvi. 193 ; Jahresh. 1805, p. 127) hasobfn.inod 

a crystallised modification of ‘red phosphorus, by heating amorplions pliosphorus to 
530° in a sealed vacuous glass Uil)o, and all(»wing tlio vapour to coiidonso in the upper 
part of the tube, heated only to 447“^ ; the idiosphorus then collects in inWular groups 
of microscopic needles. It may however be ol4ainoil in larger quanlity and more 
distinct crystals, by separation from a solution of phosphorus in leail. A wide tube of 
difficultly fusible glass is filled to one-fourth with phosphorus, and the remaining 
three-fourths with load, while a stream of carbon dioxide is passed through it. It is 
then exhausted, sealed, enclosed in an iron tube packed with magnesia, and heated for 
several hours o^'^r a number of Bunsen burners. On cooling, the surface of the lead 
is found to be covered with black, metallically lustrous, laminar crystals, unalterable in 
the air, while the interior of the lead is traversed by small but dense and well-defined 
crystals. The superficial crystals are very thin, mostly bent and transversely striated, 
whereby they acquire the aspt^ct of rows of prismatic crystals ; they are yellowish-rod 
by transmitted light. Tlie crystals enclosed in the mass of lead are isolated by treat- 
ing this mass for several days with nitric acid of sp. gr. I’l (the phosphorus, as the 
more electro-negative body, not being attacked), and purified from all but a trace of 
lea<l by b<uling with strong hydrocliloric acid. They have then a black-violet colour, 
and appear under the microscope as rhombohedrons nearly approaching to the cube, 
and probably isomorphous with arsenic, antimony, and bismuth. The spl. gr. of the 
laminar and also of the dense crystals (allowance being made for the small quantity of 
lead which they retain) is 2 34 at 15°: hence the specific volume of crystallised red 
phosphorus is 13*25, agreeing with that of ciystalliRod arsenic, according to the specific 
gravity 5-67 determined by Hittorf. The crystallised rcxl phosphorus is even less volatile 
than amorphous phosphorus, and like the latter <K)nduct8 electricity feebly in comparison 
with metjils, but easily as compared with ordinary pliosphorus. Hittorf designates 
this variety of phosphorus as crystaUised meUdlic, red amorphous phosphorus as 
amorphous TnetaXlic^ and ordinary colourless phosphorus as ordinary non-7netallio. 

Ordinary phosphorus is most easily converted into amorphous phosphorus by heat- 
ing it to the temperature of boiling sulphur in a thick glass tube (or an iron vessel for 
larger quantities) exhausted and sealed. The transformation is attondod with evolu- 
tion of heat, the temperature of the phosphorus vapour exceeding that of the heated, 
air-bath by about 75°. 'I he conversion of ordinary into amorphous phosphorus in 
presence of iodine takes place at 160°. Respecting the vapour-densities and vapour- 
tensions of the throe varieties, see the memoir above cited ; also Phil. Mag. [4] xxzi. 
311 ; Cherm. News, xiii. 133; Jahreab. 1866, p. 130. On the conversion of ordinary 
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into amorphous phosphorus, and the contmzjr, see Lemoine (Butt. Soc. Chim. [2] n'ii 

T1 ; Ja^resd. 1867, p. 138). 

From experiments on the formation of white phosphorus (ir. 503), Baudrimont 
(Butt. M. Chim. [2] v. 206) concludes that this modification is neither crystallised 
nor allotroprically modified phosphorus, but ordinary phosphorus having its surface 
corrod^ by oxygen dissolved in the water in whicli it is kept; in do-aerated water 
the white film is not produced. The presence of water appears however to be 
necessary, inasmuch as phosphorus does not lose its transparency when it oxidises iu 
the air. 

Fusion of Phosphorus. — Phosphorus fused under water does not solidify at tempera- 
tures above 32°-0., either by the most violent agitation in a closed tube, or in an open 
tube by contact with any solid body, even with amorphous phosphorus heated to the 
same temperature ; immediately however if brought in contact with ordinary phos- 
(a glass tube on which phosphorus has been rubbed), or if a solid body immersed 
in the fused mass is rubbed against the sides of the tube or against another immersed 
body. Particles of glass, for example, heated with the phosphorus do not prevent it 
from remaining fluid as it cools, but on shaking the tube they instantly induce 
solidification, even at 43^^, the temperature then rising to 44° (Grernez, Compt, rmd. 
Ixiii. ^17). 

SubHmntion. — According to Blondiot (ibid. 397), colourless phosphorus may be 
sublimed in a rarefied atmosphere of nitrogen at comparatively low temperatures, e. g. 
by melting phosphorus in a small flask previously sealed, and, after the oxygen of tho 
confined air has been absorbed, immersing the lower part of the flask iu an air-bath 
heated to 40° ; tho phosphorus then sublimes in tho neck in colourless microscopic 
cubic crystals having an adamantine lustre. 

Osndation. — Groves {Pharm. J. Trans. [2] vi. 643) found tliat amorphous phosphorus 
which had been kept for two years in a cracked vessel, was converted, to the extent of 
about 16 p. c, into phosphorous and phosphoric acids. The damp mass emitted the 
odour of oxidising phosphorus, but was not luminous in the dark. 

According to Blondiot {Zeitschr. f, Ckem. [2] iv. 375), the direct product of tho 
slow oxidation of phosphorus is not phosphorous, but phospIiori(; acid; and the 
phosphorous acid contained in the so-called phosphatic acid (iv. 499) is produced by 
the action of the free phosphorus on phosphoric acid previously formed. White 
phosphorus fumes consist wholly of phosphoric acid. The formation of ozone in the 
oxidation of phosphorus does not take place at temperatures below 12°. Kespecting 
the composition of phosphorus fumes, see also W. Schmid {J. pr. Chem. xcviii. 414; 
Jakresb, 1866, p. 113). 

Phosphorus a Test for Metals. — A solution of phosphonts in carbon bisulphide 
filtered through asbestos, and then shaken up with water, whereby a snow-white 
turbidity is produced, affords a very delicate test for certain metals. All copper- 
solutions, even ammoniacal, give with this reiigent a brown-red precipitate, silver- 
solutions a black, mercuric solutions a brownish -yellow, gold-solutions a viokt 
precipitate. Still greater delicacy may be obtained by the use of filtering-paper 
moistened with the liquid above mentioned, and not quite dried (W. Schmid, Zeitschr. 
f. Chem. [2] iv. 161). On the reactions of pjiosphorus with metiils, see also Nickles 
{find. V. 351). 

Detection and Estimation of Phosphorus. — The presence of phosphorus 
either in inorganic or in organic bodies may be detected by heating the solid substance 
(or the charcoal in the case of organic bodies) with about half its bulk of magnesium- 
filings in a test-tube. The mixture becomes phosplajrescent in the dark, and red phos- 
phorus is deposited on the sides of the tube, tlie greater part of the phosphorus, 
however, uniting with the magnesium. On moistening the contents of tlie tube after 
cooling, with wator, gaseous hydrogen phosphide is given off (Sehdnn, Zeitschr. anal. 
Chem. 1869, pp. 63, 65; Zeitschr, f. Chem. [2] v. 664). 

In applying the process given by Busart and bj'^ Blondiot (iv. 620) for the detection 
of phosphorus, Otto {Zeiischr. f. Chem. [2] ii. 733) recommends that the gas be 
passed through a U-tube containing pumice soaked in potash-loy, in order to remove 
hydrogen sulphide or sulphurous oxide ; without this precaution, the emerald-green 
colouring of the flame, even when a rather large quantity of phosphorus is present, 
partly disappears, and is disguised by a blue flame, arising, as shown by Barrett 
[PhU. Mfig. [4] XXX. 321), from the presence of sulphur-compounds. 

Por the estimation of phosphorus in iron and steel, Spiller (Chem. Soc. J. [2] i^. 
148 ) mixes the nearly neutralised solution of the metal in nitro-muriatic acid — after 
partial reduction with sulphurous acid and cooling to 2t>°-24° — with sesquicarbonate of 
limmonia, till the precipitate, which is red at first, assumes a greenish colour. The 
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precipitate containing all the phosphoric acid is then dissolved in hydrochloric acid ; 
the iron is precipitated by ammonium sulphide after addition of citric acid and 
ammonia ; and in the filtrate freed from sulphur the phosphoric acid is precipitated 
as ammonio-roagnesian phosphate. 

Schloesing {Zeitschr. f. 6’Aewi. [2] iv. 667 ; Jahresh. 1868, p. 866) estimates phos- 
phorus in iron phosphide by igniting the pulverised cohipound in chlorine ^s, 
passing the evolved phosphorus trichloride into water, and oxidising the resulting 
phosphorous acid to phosphoric acid by nitric acid. Tantin {Chem. News^ xviii. 262) 
estimates phosphorus in iron by dissolving the iron in dilute hydrwhloric acid, 
piissing the evolved gas through potish-ley to remove hydrogen sulphide, and then 
into a solution of silver nitrate, which absorbs the hydrogen phosphide (and arsenido, 
if arsenic is present). The precipitated silver phosphide is treated with nitro- 
rauriatic acid, and the phosphoric acid thereby formed is precipitated as ammonio- 
magnesian phosphate. 


C^lorine~ and Bromine^compounds of Phosphorus, 


According to Rathke (Zeifsekr. /. Chem. [21 vi. 67), the statement of Carius tliat 
phosphorus pentachloride and carbon bisulphide yield, by their mutual action, 
sulphocarbonyl chloride, CSCl*, is incorrect. The products actually obtained are 
carbon tetrachloride and phosphorus sulphochloride, according to the equation : 
CS* + 2PC1» = CCP + 2PSCP. 

Phosphorus trichloride treated with 1 mol. absolute alcohol gives off a largo 
quantity of hydrochloric acid, and the liquid product yields, by distillation between 
90^^ ana 125*^, ethyl -phosphorous chloride, POC*H*Cl*, which by fractional 
distillation is obtained as a transparent, colourless, strongly refracting liquid, fuming 
in the air, boiling constantly at 170°, and having a sp. gr. of 1*316 at 0°. Its 
formation is represented by the equation : 

PCI* 4- C2JPO = HCl + POCnPCP. 

It is decomposed by water into alcohol and phosphorous acid. By bromine it is 
resolved, according to the oquatitm, 

POC^H^CP + Br* « C*H*Br + POCPBr, 

into ethyl bromide and phosphorus oxychlorobromido, which may be separated by 
fractional distillation (Menschutkin, Ann. Ch. Pharm. cxxxix. 343). t»«,- 

Butyl-phosphorous chloride, POC*H®CP, produced by the action of 2 mol. PCI" 
on 3 mol. butyl alcohol, boils between 164° and 166°, has a sp. gr. of 1*191 at 0°, and 
is decomposed by water in the same manner as the ethyl -compound. Amyl-phos- 
phorous cA/orirfe, rOC*H“CP, obtained like the preceding, boils at 173°, has a 
sp. gr. of 1*109 at 0°, and reacts like the cthyl-compound with water and bromine 
(Menschutkin). 

Phosphorus Oxychlorohromide, POCPBr, obtained as above, is a trans- 
parent, colourless, strongly refracting liquid, quickly turning yellow. It boils at 
136° to 137°, has a sp. gr, of 2*059 at 0°, and is decomposed by water with formation 
of phosphoric acid (Menschutkin). 

The oxychlorochloride, POCPCl, produ^ in like manner by the action of 
chlorine on ethylphosphorous chloride, agrees in sp. gr. (1*66), boiling point 
and other properties, with phosphorus oxychloride obtained by the ordinary methods. 
The oxychloride, and phosphoric acid which is formed from it by the action of water, 
may therefore be represent^ by the following formulae: 


f> Cl 
I Cl 

Oxychloride. 


«fO.OII 

(OH 

Phosphoric acid. 


Phosphoric acid thus appears to have the constitution of monoxyphosphorous acid 
(Wichelhaus, Zeitschr. f. Chem. [2] iii. 821). 

Sulphochloride. PSCl*.— Chevrier {Compt. rend. Ixiii. 1003) prepares this 
compound by gradually adding 2 at. phosphorus to 3 mol. sidphur chloride h^tw 
nearly to boiling in a capacious flask, and distilling after the whole is dissolved, 
rejecting the portion which passes over below 125° : 

P* + 3S*Cl* « 8* + 2PSC1*. 


By this method, 800 grms. of the sulphochloride may be prepared in the course of a 
day. According to A. v. Flemming {Zeitschr, f. Chem. iv. 288), the product 
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obtained by Chevrier’s method is not pure, but may be purified, with loss of a 
considerable portion, by agitating it with water, separating it as well as possible from 
the watery liquid, distilling, and rejecting the portion which first passes over at 110^ 
Chevrier (ibid, v, 442) has given several details respecting the properties and reactions 
of this body, but they are not of much importance. 

According to L, Henry {Beut. chem. Ges. Ber. ii. 638), the sulphochloride is formed 
by direct combination of sulphur and the trichloride at 130^. It boils at 125'^-! 28° 
(compare iv. 606). 

Hydrides. According to Riidorflf {Zeitschr. f. Chem. [2] ii..637), the yellow 
body formed by the action of water on phosphorus di-iodide, commonly regarded as 
amorphous phosphorus, agrees in its properties with solid phosphoiois hydride, Pdl 
or P^H*. On adding phosphorus iodide to hot water, this c<mipound is immediately 
separated, and non-spontaneously inflammable phosphorus tri-hydrido is given off; 
in cold water the reaction takes place gradually. Riidorff represents it by the 
following equation : 

40PP -t- 48H20 = + 4Pn* + 3PW + IIP'-'O* + 80HI. 

According to Commaille (J. Fharm. [4] viii. 321), the tri -hydride is rapidly evolved 
by the action of phosphorus on potash-ley even at ordinary temperatures : hence an 
error may arise in the analysis of gases, when, after treatment of the gas with potash, 
phosphorus is introduced to absorb oxygen, and comes in contect with tiie potash. 


Oxides and Ox ygen-acids of Phosphorus. 

PliospliorouJt .A.cld. PH’O*. — This acid is producecl by atmospheric oxidation qf 
hypophosphorous acid. A solution of barium hypophosphite decomposed by sulphuric 
acid, and exposed for a long time to the air, yielded, when neutralised with cjilcium 
carbonate, a precipitate of calcium phosphite (Rammelsberg, Zeitschr. f. Chem, 
[2] iv. 724). 

when 1 mol. crystallised phosplujrous acid and 1 mol. bromine are heated in a 
sealed tube to 100*’, with frequent agitation, hydrobromic and motaphosphoric acids 
are produced : 

+ Br® = 2HBr + PIIO^ 

With 3 mol. bromine to 4 mol. phosphorous acid, the products are orthophosphoric 
acid, hydrobromic acid, and phosphorus tribromide : 

4PH»o» + 3Br2 ^ 3PH»0< + 3HBr + PBr». 

The action of iodine is not exactly analogous te that of bromine. With a small 
proportion of iodine, phosphorus iodide and metiiphosphoric acid are found among 
the products. With a larger proportion of iodine, the products are orthophosphoric 
acid, hydriodic acid, phosphonium iodide, and phosphorus di-iodide : 

8PH*0’ + 61 = ePH^O^ + 2HI + PHT PP 

(Gustavson, Btdl. Soc. Chim. [2] viii. 29). According to Ordinaire {Compt. rend. 
Ixiv. 363), 1 mol. phosphorous acid and 2 mof. bromine heated in a sealed tube, form, 
together with hydrobromic acid, a very deliquescent crystallised body, which he 
regards as monobromophosphorous acid; it is decomposed by boiling water, with 
formation of a new gelatinous acid. Dry chlorine at 1 00° acts in a similar manner. 
The formation of phosphoric acid was not observed in either case. 

Metal. 1.10 Phosphites. — T he constitution of these salts has been carefully 
examined by Rammelsbeig {Bert. Akad. Ber. 1866, p. 637 ; Chem. Soc. J. [2] v. 388; 
further Pogg. Atm. cxxxi. 263, 359; cxxxii. 481; Jahresb. 1867, p. 141). His 
experiments confirm the view advocated by H. Rose {Pogg. Ann. viii. 206 ; ix. 23, 
216), that different phosphites contain different quantities of chemically combined or 
constitutional water, or its elements (exclusive of water of crystallisation), in oppo- 
sition to that of Wurtz, according to which, all dry phosphites contain the same 
amount of constitutional water, namely 1 molecule. Rammelsberg does not however 

regard the existence of the salts M"HPO* (or M-H-^P^O*) and M=2H^P®0’ as demon- 
strating the existence of two different phosphorous acids, and H'*P-'0’, or the 

evolution of hydrogen from heated phosphorous acid as a proof that the hydrogen 
does not exist therein in the form of water. He infers rather, from the whole of the 
facts observed, that both crystallised phosphorous acid and the metallic phosphites 
contain water ready formed, but more intimately combined than in other hydrates, so 
that it is not given off below 200°, and its elements take port in the decomposition of 
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the acid. The name phosphorous acid is applied by Eammelsberg to the group 
in which the four hydrogen-atoms are replaceable by metals. This quadri- 
basic acid has not yet been obUiined in the separate state, beciiuse the crystivllised 
hydrate, is resolved by heat into phosphoric acid and hydrogen 

phosphide.’ 

The normal phosphites correspond to the hydrates : 

I. II. III. 

H«P^O* 

H^O 2H20 311'*0 

and are represented, according to the equivalence of the metals which they contain, by 
the formulije : 

I. II. III. 

f ^ 

j^ip20» M^P^O* (M")*‘P«0«=‘ M’^P'^O'* 

H^O H^O 31PO 2U20 3U^O 

The normal phosphites of harium, stroiiiUim^ and calciwn, precipihited by ammonia 
or by sodium CJirbonate from the acid solution obtained by decomposing idiosphorus 
trichloride with water, are constant in composition, but of loose finely crystalline 
structure, in consequence of which they obst inately retain a certain amount of hygro- 
scopic water oven at 100°. Nevertheless the barium salt^ Ba‘^H'*P'^0^ (also the lead 
salt), may be regarded as anhydrous in the air-dried state (hygroscopic water =■• 1*3 to 
I’O p. c.). sir ontiu7ih salt ^ Sr^H^P’-O’ 4- 2ll‘^0, and the calcium salt^ Ca'-^IPP'-^CP 

2H'^0, give oflT part of their water of crystallisation at 100°, and are anhydrous 
when dried at 250°. The magnesiiini salt is obtained — by adding magnesium sulphate 
to the boiling aqueous s(jlution of the trichloride nearly neutralised witli sodium 
carbonate, or by neutralising the boiling solution with magnesium carbonate — as a 
white, sometimes crystalline precipitate. When produced in dilute solutions and left 
in the liquid for some time, it forms small distinct crystals containing Mg’^'ll^P^O’ 4- 
I21PO; in the amorphous sbito its amount of water is somewhat less. The crystids 
expose<l to the air or over sulphuric acid give otf 7 mol. water and leave the salt 
Mg-Il^P-'O’ 4- 5H-0, which is sometimes also formed by precipitation, and in that 
citse gives off half its water over sulphuric acid, Ihimmelsborg likewise obtained, 
under circumstances not particularly specified, the salts MgllPO’* 4- 4H’‘*0 and 
MgIi=*PO\ with various quantities of crystallisation-water. With regard to the 
composition of aimnonio-^iiagnesic jyhosphitc, Rannnelsberg does not decide whether 
it should .be represented by the formula 4- or by 

Mg^(NlP/H*‘P«0'* -4- 16IPO. 

The uickel-salt^ Ni‘‘^H'‘P^O^ 4- 6lPO, is obtained by adding nickel-carbonate to the 
nearly neutralised solution of the trichloride, and heating the liquid to the boiling 
jutint, as a green precipitate, which gives off half its water over sulphuric acid, tho 
rest at 250°. The cobalt salt, CoHPO* r 2H^O, prepared in like manner, likewise 
gives off half its water over sulphuric acid. Tho manganese salty MnllPO* 4- H*0, 
is thrown down as a reddish-white precipitate when tho solution of phosphorus 
trichloride is mixed with manganous acetate and neutralised with ammonia ; or when 
it is nearly saturated with manganous carbonate, and sodium carbonate is then added 
in quantity sufficient to produce a precipitate, but not to neutraliBo tho acid reaction 
completely. When dried over sulphuric acid it contains SMnlil’O* 4- Tho 

yrne salty 2ZnIiPO* 4- 'SH^O, is prepared like the magnesium salt, which it resembles 
in being more soluble in cold than in hot water. It remains unaltered over sulphuric 
acid, is converted between 100° and 120° into ZiiHPO^ 4- 2H‘^0, and gives off the 
rest of its crystallisation-wator at 250°. The anhydrous salt, ZriJIPO*, is likewise 
obtained by spontaneous evaporation of a solution of the hydrated salt in phosphorous 
acid. Particular preparations, obtained apparently as above described, exhibited 
different amounts of water, sometimes for example corresponding to tho formula 
Zn^H’P^O' -I- 3H*0. The cadmium salt, Cd’^IPP^O* 4- gives off' it.« water 

over sulphuric acid. lead salt drifiH over sulphuric acid contains PbHPO* ; the 

cujpric salty CuHPO* 4* 2H^O, is partially retluced even at 120°. 

The normal phosphites of the alkaline-earth metals are resol vwl by heat into pyro- 
phc»phato and free hydrogen : e.g. Ca®H^P*0’ = Ca*P^O' 4- 211“ ; those of the heavy 

metals leav'e a mixtiire of pyrophosphate and phosphide : 7M“H“P“0“ *»■ 6M“P'“0’^ 4- 

+ 7H*. Small quantities of free phosphorus and of hydn)gen phosphide are 
also produced by the reducing action of the hydrogen on the pyrophosphate. 
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Acid FhospAite«.—A solution of the normal barium salt in the regaieiteom,.,; 
of phosphorous acid yields, by spontaneous evaporation, radiate groups of wh?u ,S ? 

ne^es ofthes,dtBiWH)>.3H>P0‘ + A solution of I moL of 

ea.lt in rather more than 2 mol. phosphorous acid, yields crystals, not of the biacid hn 
of the salt, . K^PO^ + 8H^O, which melts when heated and 

gives off hydrogen phosphide at 250®, The biacid salt crystallises from the solution 
of the two preceding salts by evaporation over sulphuric acid, with an amount of 
water corresponding to the formula BaWP^O^ + 2H^O; ammonia added to the 
aqueous solution of this salt throws down, not an acid salt as supposed by Rose, but 
the normal salt. Zinc Salts. — By dissolving the neutral zinc salt in phosphorous acid, 
Bammelsberg obtained various crystallised compounds corresponding to the formula 
Zn*H*P^O‘» + Zn*H*P^O'^ + H^O, and Zn2H"P"0^^ An acid uranic p/iosp/iite, 
(UOyiPP^O* + 6H*0, is obtained, by adding recently precipitated ammonium uranato 
to the aqueous solution of phosphorus trichloride, as a gradually formed yellow preci- 
pitate^ which on exposure to the air dries up to hard translucent lumps. 

Phosphorous Ethers. — Kammelsberg represents these ethers by formulae analo- 
gous to those of the acid metallic phosphites as follows : 


(H'P^O* 

}h*o 

Phospboroua 

acid. 


(H^BaP^O* 

Acid barium 
phosphite. 


((C2n»)^p20" 

JH^O 

E thy lie phosphite. 
((C‘'H^)^P20» 
}(CnP)*0 

Triethylic phosphite. 


(n2(C2H’)=P20» 

) H'O 

Ethylphosphorous acid. 

S Ba(C2H^)^P'^0» 

JH'^0 

Barium ethylphopphito. 


PliospboHe Anbydrldef Add* and Salts. On the preparation of phosplioric 
anhydride on the large scale, see Grabowski {Ann. Ch. Pharm. cxxxvi. 119 ; Jahresh, 
1865, p. 135). 

Mich. Pettenkofer {Ann. Ch. Pharm. cxxxviii. 57 ; Jahresh. 1866, p. 138) describes 
a method of preparing phosphoric acid, simultaneously with hydriodic acid, by treatiiij? 
ordinary phosphorus with iodine and water, distilling off the hydriodic acid, and 
oxidising the residue, which contains phosphorous and phosphoric acids, with nitric 
acid. 

According to Kramer {Zeitschr. f. Chem. [2] v. 543), phosphoric acid maybe obtained 
in transparent prismatic crystals, by evaporating from an aqueous solution, the 
strength of which is known from its specific gravity, such a quantity of water that 
the residual liquid shall have exactly the composition H®PO^ ; the acid then ciyst.tl- 
lises on cooling. 

In the purest so-called glacial phosphoric acid of commerce, Broscius {Zeitschr. 
anal. Chem. vi. 187) found 15‘3 p. c. soda. He finds that really pure phosphoric 
acid forms only a soft glutinous mass. 

The following table of the relations between the specific gravity and strength of 
aqueous phosphoric acid (prepared by oxidising amorphous phosphorus with nitric 
acid) is given by J. Watts {C^m. News, xii. 160) : 


Spec. 

Grav. 

f-O* 

Spec. 

Grav. 

p. c. 
P»o» 

Spec. 

Grav. 

p. c. 
P*0‘ 

Spec. 

Grav. 

p. c. 
P*0‘ 

1-508 

4960 

1-369 

39-21 

1-236 

27-30 

1*095 

12-18 

1-492 

48-41 

1-366 

38-00 

1-226 

26-36 

1-081 

10-44 

1*476 

47-10 

1-347 

37-37 

1-211 

24-79 

1-073 

9-53 

1*464 

46-63 

1-339 

36-74 

1197 

23-23 

1-066 

8-62 

1-463 

45-38 

1-328 

36-15 

1-185 

2207 

1-056 

7-39 

1-442 

44-13 

1-315 

34-82 

1-173 

20-91 

1-047 

6-17 

1-434 

43 95 

1-302 

33-49 

1-162 

19-73 

1-031 

4-15 

1-426 

43-28 

1-293 

32 71 

1-163 

18-81 

1-022 

303 

1-418 

42-61 

1-285 

31-94 

1-144 

17-89 

1-014 

1-91 

1 401 

41-60 

1-276 

31-03 

1-136 

16-95 

1-006 

0-790 

1-392 

40-86 

1-268 

30-13 

1-124 

16-64 



1-384 

40 12 

1-257 

29-16 

1-113 

14-33 



1-376 

39-66 

1-247 

28-24 

1-109 

13-25 
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JCstimation of Phosphoric Acid, — 1. The conditions under which pliosphoric 
acid is most completely precipitated by ammonium molybdate have been examineii by 
yresenius {Zeitschr. anal. ChtmAY. 161): a. The estimation of phosphoric acid by 
precipitation with ammonium molybdate is in itaelf an exact method. — Nitric acid, 
even if present in very large excess, does not interfere with its accumcy. — y. Hydro- 
chloric acid, if present in somewhat considerable quantity, prevents the precipitation 
wholly or partially ; when its quantity is reduced to al»ut 3*3 p. c. of the liquid, the 
results, though still too low, begin to appmach the truth. — 3. If a large quantity of 
nitric acid is also present, a somewhat considerable quantity of hydrochloric acid is 
still more prejudicial, 3*3 p. c. of it in that case completely preventing the precipita- 
tion. — Sulphuric acid, ferric chloride, and aluminium chloride, even in considerable 
quantity, do not interfere with the precipitation. — In presence of a large quantity 
of sal-ammoniac, the results are somewhat too low ; they also become less exact as the 
solution is more diluted with water. 

2. According to fcl. Fleischer {Zeitschr. anal. Cliem. vi. 28), aluminium phosphate, 
like aluminium hydrate, is slightly soluble in iimmouia, so that on mixing the solution 
of a phosphate with a slight excess of an aluminium salt, and tlien supersaturating 
with ammonia, part of the phosphoric acid remains in solution. But in neutral solu- 
tions, or in presence of a slight excess of acetic acid, phosphoric acid is completely 
precipitated by aluminium salts, if not added in great excess, the precipitate haring 
the composition AFO“.P“0^- Phosphoric acid maybe estimated vohmietrically in a 
solution acidulated with acetic acid by means of a ono-tenth normal solution of potash- 
alum (containing 6-1 6 grm. alumina in a litre), the end of the precipitation being 
indicated by adding an alcoholic solution of brazilin, which is coloured distinctly blue 
by aluminium acetate, oven in very <liluto solution (Fleischer, Z- itschr. anal. Chcm.iv. 
366 ; Jahresh. 1865, p. 707 ; 1867, p. 844). 

According to Schweikert {Jahresb. 1867, p. 847), phosphoric acid cannot be com- 
pletely sep'irated fiY)m zinc oxide by fusion with sodium carbonate, since pirt of the 
phosphoric acid remains with the zinc, ami part of the latter remains dissolved as 
sodium zincate. 

Schlocsing {Compt. rci\d. Ixvi. 1043; Zritschr. f. Chem. [2] iv. 667) estimates 
phosphoric acid in phosphates by converting them into iron phosphide. This is 
effected by mixing the pliosphato with an iron silicate, charcoal, and, if the phosphate 
does not contain excess of base, also with nustallic iron. This mixture is ignited in a 
charcoal-lined crucible by means of a pow'crful gas-blowpipe; the fused mass is 
pidvorisod ; and the metallic iron phosphide separatc<i from thci granules is heated in 
a glass tube through which a stream of chlorine is passed. The phosphorus then passes 
over as trichloride, which is received in water, and the resulting phosphorous acid is 
oxidised by nitric acid to phosphoric acid, which is estimateni by the ordinary methods. 

On the estimation of phosphoric acid in phosphorite, see Fresenius {Zeitschr. anal. 
Chem. ri. 403 ; Jahresb. 1867, p. 835) ; in superphosphate, coprolites, plant-ashes, 
soils, manures, &c., see G, Jones {Chem. News^ xii. 13); W. Arnot {ibid. xi. 49) ; 
K. Warington jun. {ibid. xii. 209) ; Fresenius {Zeitschr. anal. Chem. vii. 304 ; Jahresb. 
1868, p. 868) ; Schloosing {Zeitschr. f. Chem. [2] v. 166); Do Gasparin {Compt. rend. 
Ixviii. 1176 ; Zeitschr. f. Chem. [2] v. 444). 

O RTHOPHOSPH AXES. — On the reactionsof tricalcic pkosphatevT\t\i calcium chloride 
and sulphuric acid, see Piccard {Zeitschr. f. Chem. [2] ii. 645 ; iii. 187 ; Jahresh. 1866, 
p. 168 ; 1867, p. 909). 

Cupric Salts. — The precipitate formed on adding 2 mol. ordinary sodium phos- 
phate to a dilute solution ol‘ 3 mol. cupric sulphate has, when air-dried, the composi- 
tion Cu^H(PO*)* + Rammelsbei^ {Pogg. Ann, Ixviii. 388), probably by drying 

it at a higher temperature, obtained it with 3 mol. water. When this precipitate is 
boiled with very dilute ammonia, small dark blue crystals, sparingly soluble in water 
and alcohol, separate on cooling. By boiling the same precipitate with ammonia, 
placing upon this liquid a layer of alcoholic solution of ammonia, leaving it for several 
weeks, and promoting the diffusion by frequent gentle agitation, sky-blue crystals 

separate, consisting of I (PC*)* + 7H'‘'0. These 

crystals are monoclinic prisms with oblique end-faces inclined 66° to the principal 
axis. They dissolve easily in cold water, smell strongly of ammonia, and give it up 
for the most part even at ordinary temperatures, crumbling to a bluish-white powder 
(Metzner, Ann. Ch. Pharm. cxlix. 66 ; Zeitschr./. Chem. [2] v. 260). 

• The Iron silicate is prepared by ftisinif together 20 pts. iron-filings, 80 pts. ferric oxide, and 
48 pta. pore sand, separa^ngr the fused mass from the excess of iron, and pulverising. 
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TrithalliouB Fhoaphate^ Tl®(PO*), separatee in the crystalline form, erenfrom 
very dilute neutral solutions of thallious salts, on addition of sodium phosphate and a 
drop of ammonia, but only when the solution is free from ammoniacal salts, in which 
it is very soluble (Carstanjen, Jahresb, 1867, p- 280). 

Zinc Salts. — Zinc-amimnivm phosphate^ Za(NH<)PO^ -f II^O. When a solution 
of 64 grra. zinc sulpliate and 100 grms. of aqueous phosphoric acid (strength 16 p. c.) 
in a large quantity of water is mixed with sufficient ammonia to redissolve the precipi- 
tate at first produced, and the liquid is left to itself in a sliallow basin, the double salt 
separates as the ammonia evaporates, in closely adhering crusts composed of micro- 
scopie rectangular tables. A very similar salt is produced by slowly evaporating a 
strongly ammoniacal solution of sodium phosphate and zinc phosphate, hut it alwavs 
contains sodium. A moderately dilute solution of 64 grms. zinc sulphate and loo 
grms. of 16 p. c. phosphoric acid exposed for some weeks in a covered basin to awintxir 
temperature, deposits indistinct microscopic crysbils, having when air-driod the com- 
position 3P“0“.4(NH^)*0.6Zn0 (Hoiiitz, Zeitschr. f. Chem. [2] iv. 

16 ; BOO also Schweikort, ibid. 306). Zinc-sodium phosphaie^ ZiiNaPOS is produccil, 
by melting microcosmic salt with zinc oxide in the proportions required by tlio 
formula, as a transparent colourless mass, which becomes enamel-white on couling, is 
not altered by exposure to the air, does not bike up wutcr when immersed in it, (bics 
not give up soda to water, either cold or boiling, and is insoluble in both (ScIicIFit, ihid, 
iv. 288). 

Pyrophosphatks. M‘P20^ or JVPP^O^ or (Gladstone, Chem. Soc. J. [‘2] 

V. 435). — These salts arc produced, not only by the action of heat on tln^ ortbo])li(i.s- 
phates, but likewise by treating phosiffioric anhydride with a caustic alkali in alcoliulic 
solution ; 

P‘’0* + 4KHO - 2H-0 -H K'‘P20’; 

also by decomposing phosphorus oxychloride with a moderately concentrated solutioa 
of potash or ammonia : 

2POCl> + 5KHO = 6KC1 -f HCl -f H«P^O^ 

By the action of anhydrous pobissium oxide or ammonia sosquicarbonate on tho 
oxychloride, a motaphosphate appears to be produced ; 

POCP + 2K^O = 3KC1 -f- KPO». 

The white precipitate formed on adding ferric chloride to a solution of sodium pyro- 
phosphate continues to redissolve till ^ mol. ferric chloride, Pe“Cl®, has been added to 
1 mol. of the pyrophosphate Na*P'*0^. On further addition of the ferric salt, the 
precipitate becomes permanent, and when | mol. has been added, tho precipitation is 
complete, the precipitate redissolving however in a large excess of ferric chloride. 
This salt has the composition (Fe*)*"P®0'‘^‘ SII^O, previously determined bv 

Schwarzonberg (iv. 665). The soluble sodio-ferric salt appears to have tho composition 
Pe^Na^P^O®*, but is difficult to obtain pure. Cupric salts form in like manner with 
sodium pyrophosphate a green precipitate ©f the salt Cu^P'-^O^ + 2H'^0, soluble with 
deep blue colour in excess of the sodium salt. The ferrous, zinc, mercurous, lead^ and 
silver salts are likewise soluble in excess of the sodium salt, tho mercuric and chromic 
salts insoluble. The normal pyrophosphates of tho heavy mebils are not altered by 
boiling with water or neutral saline solutions ; they are soluble in dilute acids, and 
are at first precipitated from their solution in sodium pyrophosphate by sulphuric acid, 
but are redissolved by an excess of it. Some of them (the ferrous, ferric, cupric, and 
zinc salts, but not tho lead, mercurous, or chromic salts) are precipitated from this solu- 
tion containing the smallest possible quantity of free acid, by heat, with their original 
composition but with altered properties, being then soluble in ammonia, but not in 
sodium pyrophosphate, dilute sulphuric acid, or the original metallic salt (chloride, 
sulphate, &c.). Gladstone regards these abnormal pyrophosphates as allotropic modi- 
fications, which do not appear to exist in free pyrophosphoric acid or in the pyrophos- 
phates of the alkali-metals, inasmuch as the abnormal cupric salt decomposed by 
hydrogen sulphide yields ordinary pyrophosphoric acid, and the abnormal ferric salt 
tlecomposed by caustic potasli yields the ordinary pobissium salt. The reaction of tho 
ferric salt may be used for the detection of pyrophosphoric acid, namely by afiding 
few drops of ferric chloride to the solution of the salt, either neutral or prepared with 
the smallest possible quantity of cold sulphuric acid, redissolving the resulting preci- 
pitate in the smallest possible quantity of sulphuric acid, and heating the liquid to the 
boiling point, whereupon, if pyrophosphoric acid is present, a white flocculeht or 
gelatinous precipitate is formed. 
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Pyro phosphoric acid may be distinguished from ortho- and meta-phosphorlc acids 
by means of a solution of leutco-cohaltic chloride^ which produces in solutions of alkaline 
pyrophosphates a reddish-yellow precipitate* immediately in moderately dilute solutions, 
only on agitation in case of great dilution (C. D. Braun, Zeitschr. anal. C/icm. iii. 468). 

PBOTSVi'E- Fritzsche's name for pure anthracene (p. 176). 

PBOTBR'TTBBXliflrB. See the next article. 


PKOTOCTrA.WIliflrB. A blue colouring matter pnxluced by the action of oxidising 
agents in sunshine on cyanine or ohinolinc-blue (p. 430). It is most abundantly pro- 
duced by agitating a mixture of 10 pts. concent.rutoil alcoholic solution of cyanine and 
100 pts. water at ordinary temperatures with 3 or 4 pts. lead dioxide, till it is 
decolorised, exposing the clear filtered liquid to the sun till it has acquired a deep 
Vduo colour, filtering again, exposing the filtrate to sunshine, and repeating this 
treatment five or six times. Tlie presence of a small ipiantity of acid or alkali inter- 
feres with the formation of pholoeyc.nine. This substance is gradually bleached by 
ozone ; by exposure to light it is decomposed more quickly than cyanine, and finally 
converted into soluble red photery th ri no, or in absence of oxygen into an analo- 
g(jus brown-red colouring matter. Photocyanino is likewise converted into photery- 
thrino by repeatedly treating its alcoholic solution with aqueous chlorine, hromine, or 
iodine, and then with reducing agents, or by exposing it to sunshine or oven to diffused 
daylight. The solution of photery thrinc has a eolombo-red colour, not ultered by 
<iiluto alkalis, but chaiigrxi to violet by dilute acids. It is likewise decohirised liy 
ozone, ehlorine-waler, &c., and then reddened again by sunshine (not by reducing 
agents) with continually diminished intensity of colour, t ill the whole of tho colouring 
niatU^r is destroyed. The soluble colouring matti^r produced from photocyanino by 
tho action of sunlight in absence of oxygon exhibits similar relictions (Sehbiiboiri, 
Ann. Ch. Phys. [4] vii. 462; Jahresb. 186.'), p. 421). 

PBRAOIUZTES. Tho nsh of different organs of tho common reed {PhragmilrA 
commmiis) has been analy.sed by J. Fittbogon {fjahrr^h. 186/), p. 639). 

PHTBilliXC HCZB. 1 0 Ooi[* Mon ocarhohvn zoic Acid. JH- 

carhnbenzolio Acid . — This bibaslc aci<l, derived from benz('no by suhsl itiit ion of 2 at. 
carhoxyl for 2 at. liydrogon, is susceptible of three nnjdificaLions, according to tho 
relative positions of the two carboxyl-groups ; namely : 

Orthophthallc Mct.aplithalio rara])htl)alic 

1:2 1:3 1:4 

Th(! first of thoso is the pTithalic acid de.scribed in vol. iv. p. 628, as produced by 
oxidation of naphthalene, alizarin, piirpuriri, and munjistin; the second, also cj tiled 
isophthalic acid, is formed by oxidation of meta-xylene or iso-xylene (p. 293) ; the 
third is terephthalic acid, produced by oxidation of turpotitine oil, euniinic acid, 
cuniinic aldehyde, xylene, and othiir aromatic hydrocarhons (v. 721). 

1. Or tho j) hthalic, or simply Phthalic acid, is also produced ; a. Together 
with henzoic acid, formic acid, and carbon dioxi<lo, l)y oxidising benztjno with man- 
ginese dioxide and sulphuric acid, its formation being duo to the combination of 
benzoic acid with formic acid, and simultaneous oxidation : 

C“H^COOII + IICOOH -t O = H'O + C*H^(COOH)'* 

Benzoic Formic Phthalic 


Zeitschr. f. Chem. [2] iv. 70.'3). ,• -i 

/3. Together with carbon dioxide, by oxidising naphthaleno with mangancso dioxtdo 
and sulphuric acid ; and together with di naphthyl and a brown resinous body, by treating 


Zcitschr. f, Chem. [2] iv, 5.51 ; see page 844). ^ , 

Phthalic acid crystallises from aqueous solution in shining monoclinic crystals, ana 
by slow evaporation in very large, prismatic, radially united forms, rounded, 

summits ; by cooling of the hot solution in small tables (Carius). Accoming to 
Bcheibler {Zeitschr. f. Chem. [21 iv. 719), the crystels are rhombic prisms, exhibiting 
the combination ooP , oP . oo]Poo , Foo , It molts at 170*^— 180*^ (Carius), at 184 
(Lessen). - . j- 

Phthalic acid neutralised with sodium carbonate and treated with sodium-amalgam^ 
is converted into hydroph thali c acid, (Oiwhc a. Bora ; md. tftf.). Hea^ 

^th zinc-dust, it is reduced to benzoic aldehyde (Baeyer, Jahresb. 1866, p. 573)- 
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Heated with 80 pts, saturated hydriodio acid, it yields heptane, C’H‘* and a 
quantity of octane, 

C«H«0* + 14HI = C"H>« + CO* + 2H«0*+ 7P 
C«H«0* + 20HI == C*H'» + 4H*0 + lOP. 

Terephthalic acid treated in a similar manner yields only heptane (Berthelot), 

Metallic Phthalates. — A solution of phthalic acid half neutralised with barvta- 
water and evaporated, yields rhombic prisms of the acid barium salt, 

This salt dissolves in hot water, and gives off at 150^-200® such a quantity of 
phthalic acid that the residue has nearly the composition (C®H^O")‘Ba‘H*. The same 
salt is obtained in crystalline crusts when a solution of the acid neutralised with 
baryta-water is left to evaporate. The mnitral calcium salt, C*H<0'Ca + JIH) is 
obtained by spontaneous evaporation in shining rhombic prisms which give off tlleir 
water at 160°. The cupric salt, C^H^O^Cu -f- H*0, prepared by adding cupric 
sulphate to phthalic acid neutralised with baryta- water, is easily soluble in hot 
water, and crystallises in shining rhombic prisms, which give off their water at 160“ 
(Hermann, Ann. Ch. Pharm. cli. 78). 

Ethyl Phthalate, C*H<0*.(C*H*)*, may bo obtained by passing hydrochloric acid gas 
into an alcoholic solution of phthalic acid ; when purified it is a colourless inodorous 
oil, boiling at 288° (corr. 295°) (Graobe a. Born, Jahrvsh. 1866, p. 411). 

On Cklorophihalic and Nitrophthalic acid, see Faust {Zeitschr. f. Chem. [2] v. 1071 

2. Metaphthalic or Isophtkalic acid is produced by the oxidising action of 
potassium dichromate and sulphuric acid on meta-xylene (p. 293), and separates from 
the nltered solution in slender needles an inch long, which melt above 300°, and 
volatilise without blackening. Its crystalline character distinguishes it from tore- 
phthalic acid, which is an amorphous powder. The barium and calcium salts of 
metaphth.'ilic acid form long needle-shaped crystals, voiy soluble in water (Fittig a. 
Velguth, ^iitschr. f. Chem, [2J iii. 526. Fittig, ibid. v. 20). Metaphthalic acid is 

action of sulphuric acid on hydroprehnitic and liydropvro- 
mellitic acids (Baeyer, p. 812). j tj 

3. Par a phthalic or Ter c phthalic acid is produced by oxidation of several 
hydrocarbons 725), and in particular of paraxyleue or methyl-toluono by chromic 
acid mixture (Fittig, loc. cit.y) in like manner from diethyl-benzene: 

+ 4n20 + 

(Fittig a. Kdnig, Jahresb. 1867, p. 610) ; and, together with acetic acid, by the action 
of cliromic acid on amyl -toluene : 

+ O'" = + 2C*n<0'' + 2H''0 

(Bigot a. Fittig, ibid. 668). It is also foimed, together with phthalic acid, in the 
^idation of benzene by manganese dioxide and dilute sulphuric acid (A. B. 
Oudenians jiin., Zeitschr. f, Chem. [2J v. 84) ; by the action of strong pf)tash-ley at 
the boiling heat on phenylene cyanide: C*H^(CN)’- + 4H*0 = 2NH“ + C*H^(CO='H)' 
(Irelan, ibid. 165) ; and in very small quantity, together with metaphthalic acid, by 
the action of sulphuric acid on hydropyromellitic acid (Baeyor), 

Tereplithalic acid heated with 80 pts. of saturated aqueous hydriodic acid yields 
heptane as sole product (p. 696). 

On the crystallisation of ethyl terephthalate, see Oudemans {loc. cit.\ 

r*-^^*?*?**^^*®-*^®**' esH^O* (Graebe a. R^rn, Ann. Ch. Pharm. cxlii, 330).— 
I^c^uced by the action of nascent hydrogen upon phthalic acid. A solution of 1 pt. 
phthalic Mid and 1 pt. crystallised sodium carbonate in 8 pts. of cold water is treated 
in the wld with sodium-amalgam till (in 8 to 14 days) the precipitate formed in a sample 
of the liquid dissolves in acetic acid. The brown liquid is then neutralised with hydro- 
chloric acid, filtered to separate a brown' substance, and the hydrophthalic acid is 
separated from the filtrate by further addition of hydrochloric acid. 

Hydrophthalic acid purified by reciystallisation, with addition of animal charcoal, 
forms hard tabular monoclinic prisms (with angles of nearly 100° and 80°), cleaving 
parallel to the end-face. 100 pts. water dissolve 0*98 pt. of the acid at ordinary 
temperatures, 7*3 pts. at 100°. It is moderately soluble in alcohol, sparingly in 
etoer ; the solutions have a strong acid reaction, and decompose carbonates. Caldum 
ehioride foi^s in concentrated solutions of the acid, especially when warm, a pre- 
cipitate easily soluble in acids ; ferric chloride forms with solutions of hydrophthalates 
a browSi cupric svlphate a green, lend acetate, neutral or basic, a white precipitate ; 
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the lead precipitate is soluble in acetic acid as well as in excess of the precipitant. 
Mercurous salts form white preci pittites, becoming grey at the boiling heat ; mercurio 
chloride yields on boiling a precipitate of calomel. 

Hydrophthalic acid is bibasic, forming acid and neutral salts, the former crystal 
lisiiig the more easily. The easily soluble sodium salt forms spherical groups of 
shining lamin®. The neutral barium salt, separates on evaporation in 

nacreous crusts, easily soluble in warm, less soluble in cold water. Tlie (Ufid barium 
salt, forms stellate groups of crystals, easily soluble in water* 

sparingly in alcohol, becoming anhydrous at 120°-130“. The neutral cal&ium salt, 
(’‘'ll^O^Ca, and the acid suit, (C*'H’0*)‘'Ca, are slightly soluble in water, and crystallise 
indistinctly. The lead salt, C*H*0*Pb, is a crystiiiUno powder nearly insoluble in 
water, easily soluble in dilute acetic acid. The silvrr salt is a white precipitate, 
moderately soluble in water, becoming black on boiling, and depositing silver, 
especially in presence of ammonia. 

Decompositions. — 1. Hydrophthalic acid heated alxjve 200® gives off water and 
molts to a yellow liquid, which decomposes partially at a higher temperature, yielding 
a yellow oily solidifying distillate, from which by rotuyntallisation from alcohol, 
phthalic anhydride, C^H^O*, is obtained. — 2. Heated with soda-lime it is resolved 
into benzene, hydrogen, and carbon dioxide : 

cm\comy = c - h « + 200 * + 

3. With phosphorus pentachloride, it yields benzoyl chloride, carbon monoxide, 
hydrochloric acid, and phosphorus oxychloride : 

C«H«(C0'-*H)* + 2PCP =» C»H*(COCI) + CO + 3HC1 + 2P001''. 

4. Heated with strong sulphuric acid, it yields phthalic acid, benzoic acid, and carbon 
monoxide : 

C«H«(CO*H)^ + SO*H2 = C“H*(C02H)» + 2U20 + SO" 

and 

C'*n«(COHl)" = C«HXCO"H) + CO + H"0. 

5. A solution of hydrophthalic acid heated with a slight excess of bromine yield# 
benzoic acid, hydrobromic acid, and carbon dioxide (with a small qiuintity of phthalic 
acid) : 

C“H‘»(CO"H)" + Br" = C»HXCO"H) + 2nBr CO". 

6. Fused with potassium hydrate, it yields benzoic acid, together with hydrogen and 
carbon dioxide : 

C«H-(C0"H)" - C«H“(CO"n) + IP + CO". 

7. By oxidation with dilute nitric acid or with chromic acid, it is converted into 
benzoic and phthalic acids. — 8. The alcoholic solution of hydrophthalic acid treated 
with hydrochloric acid gas, yields, not hydrophthalate, but benzoate of ethyl, perhaps 
together with formate, according to the equation : 

C‘H\CO")H" + 2C"H«0 - C«H*(CO"C"H») = HCO"C"H* + 2H»0. 

Hydrotere phthalic acid, C"H"0*, is formed by treating terephthalic acid in 
moderately soluble concentrated alkaline solution with sodium-amalgam for several 
days, and separates, on neutralising with hydrochloric acid, as a white flocculent 
pr^ipitate, quite insoluble in water, and reducing ammoniacal silver solution at the 
boiling heat (B. Mohs, Zeitsckr.f. Chem. [2] iii. 68). 

VBTBAUC AlbBSBTBSa C^H*0", is formed by the action of zinc and hydro- 
chloric acid on phthalic chloride. When dissolved out by ether and purified, it form# 
a white slightly aromatic substance, melting at 65®, easily soluble in alcohol and 
ether, slightly soluble in cold, more abundantly in hot water, and crystallising 
therefrom in small rhombic Uibles. The warm aqueous solution solidifies with 
sodium bisulphite to a mass of silky needles (Kolbe a. Wischin, Chem. Soc. J. [2^ 
iv. 339). 

Phthalic aldehyde is also the chief product formed by the action of magnesium on 
a solution of phthalic chloride in glacial acetic acid. It volatilises at 180® with 
vapour of water, and exhibits remarkable stability, perhaps arising from the union 
of each of its oxygen-atoms with two atoms of carlwn, as represented by the formula 

(Baeyer, Zeitschr. f. Chem. [2] v. 399). 
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vaXHiLUC iiaaT3>ltXDB, C®H*0®, 18 produced in the decomposition of 
hydrophthalic acid by heat (p. 943). It melts at 128® (Lossen ; CariuB ; Hermann); 
at 129® (Graebe a. Born) ; the melting point 106® given by Laurent (iv. 631) is 
much too low; boils at 276° (Lossen). 

PBTBJBL&XC CBtXi01tZX>B, C«H*0“CP, produced by tlie action of phosphorus 
pentachloride on phthalic acid or anhydride (iv. 633), boils at 270® (H. Muller) ; at 
268°, and solidifies at 0° (^Wischin, Ann. Ch. Vharm. cxliii. 259; Jahresb. 1867, 
p. 722). It is but slowly decomposed by water or by aqueous sodium carbonate. 
Zinc-ethyl converts it (dissolved in benzol) into phenylone-diethyl ketone (Wischin): 

c*H«(coci)^ + Zn(C2H»)* = ZnCP + 

Phthalic chloride dissolves in glacial acetic .acid, and on heating the solution, 
hydrochloric acid is given off, and a crystalline body is formed, which is decompofied 
by water, and doubtless consists of acetophthali c anhydride: 

C«HXCOCl)2 + 2C2H'»0(0H) -= 2HCI + C«H\CO. O. CHI^O)* 

When magnesium is added to a solution of phthalic chloride in about 20 pts. glacial 
acetic acid, and the resulting liquid is neutralised .and agitated with ether, phthalic 
aldehyde is obtained as principal product, together with a small quantity of oil, 
vol.atilising easily with vapour of water, and having approximately the composition 

{ 

of tho anhydride of phthalic alcohol, (Baoyer, ZeifsehT, f. Chem. [2] 

V. 399). 

PBTBAXiOSirX.PBirRZC ACZ1>, C^H^SO’, analogous to succinybsulphuric 
acid, is formed, .according to O. Loew (Ann. Ch. Pharm. cxliii. 257), by heating 
phth.alic acid to 100®-105° for some time with excess of sulphuric anhydride, and 
leaving the product exposed to moist air. It solidifies to a crystalline mass wlion 
evaporated in a vacuum over sulphuric acid, but its salts .are uncrystallisablo. Their 
aqueous solutions, as well as that of tho .acid, are <lecomposod by boiling or hy 
gradual evaporation, with liber.ation of sulphuric acid. The barium salt eontiiins 
C«K*SO’Ba. 

PH'TXiXiJCSCITANnEa'ZM’. A tannin existing in the small 

leaflets of the horse chestnut, us long as they remain enclosed in the buds (Kochlodcr, 
Jahresb. 1866, p. 694). 

PBy^IiXiOCXAXrZC acts and PBTl^XOAAZirTHZia’ (iv. 633).— According 
to later experiments by Fremy (Bnll. Soc. Chim. [2] v. 464; Jahresb. 1865, p. 68-5), it 
appear.s that pure chloropliyll is resolved into these two bodies by boiling with baryta- 
water, both separating in tho insoluble form, tho former as barium salt. On treating 
tho precipitate with alcohol, the phylloxanthin dissolves, whilst the insoluble barium 
phyllocyanate decomposed by sulphuric acid yields phyllocyanic acid soluble in 
alcohol and ether. 

PB'VSOSTZG-IttXlirS. Further detail^ respecting the preparation and proporticji 
of this b.ase, tho poisonous principle of the Calabar bean, have been given by Ucssn 
(Ann. Ch. Pharm. cxli. 82; Jahresb. 1867, p. 528). Its composition is 
Potassio-mercuric iodide throws down from its salts a white easily fusible precipitate 
of the double salt, . HI . ITgP. Physostigmine throws down ferric oxido 

from a neutral solution of ferric chloride ; forms a kermes-coloured precipitate with a 
solution of iodine in potassium iodide ; and is precipitated by tannic acid, mercuric 
chloride, and auric chloride, bub not by platinic chloride. 

PXCOBZirai, is producefl by tho distillation of acrolein-ammonia. This 

reaction explains the formation of picolino in the dry distill.ation of animal substances. 
Tho fats yield acrolein, and this compound, in contact with ammonia at a high tempe- 
rature, yields first acrolein-ammonia, C*H®NO, and then picoline: 

2C*H^O + =. H"0 -h C«H«NO 

and 

C«H®XO * H*0 + C«H’N 

(Baeyer, Zeitschr.f. Chem. [2] v. 570). 

PZCBAIUZC ACZB. 

PZCBAMIZirS. 

PZCBZC ACZB. See Thinivrofhenol (p. 911). 


I See Amidophekols (p. 915). 
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PXCIROMfc'S^HRiar. C’*H’“0^ (iv. 641). — This body is obtained with peculiar 
• facility in the pure stiite by boiling erythriii for several hours with amyl alcohol; 

Brythrin, Amyl Amyl onollinato. Picroorytlirln. 

alcohol. 

When the reaction is coinploto, pjirt of tlio alcohol is distilled off, and the remaining 
liquid is heated over the water-bath, whereupon amyl orsollinate septinites as an oily 
layer, while the picrocrythriu eryslaHises from the filtered liquid at about 40® in 
white silky prisms consisting of . :iJTO (Hesse, Jahresb. 1866, p. 669). 

PZXICAJLXC ACXID. Maly {Ann. Ch. Pharm. cxxix. 94 ; cxxxii. 253 ; Zeit&chr, 
f. Chem. [2] v. 304) regards this acid .as idonlieal with his abiotic acid, C'**H*^0* ; 
but Duvernoy Ch. Pharm. cxlviii. 143; ZciLschr. [2] v. 303), working under 

Strecker’s direction, has confirmo<l t he results obtaimxl by Laurent and by Siowert 
(iv. 615), according to wliich pimaric acid is isomeric with sylvic acid, and has the 
composition 

riniaric acid prepared from French galipot by washing with cold dilute alcohol 
till tliat liquid no longer becomes yellow, ami crystallising from boiling alcohol, forma 
hard granular crusts, appearing under the microscope to bo made up of well-defined 
rectangular crystals ; it is insiduble in water, slightly soluble in cold, fi'ooly in hot 
alcohol and ether. It melts at 149'^, and boils at a temperature above 320® 
(Huvonioy) ; acccjrding to Laurent, it molts at 125®, according to yievort at 165®. 

Sodium jpimaratey + 411“0, separates from a s<jlution of tlio acid in 

excess of very dilute soda-loj>% in shining crystals, an<l is obtained by recrystallisation 
from alcohol in nacreous lamiiKie. It is nearly insoluble in cold water, easily soluble 
in hot water, also in alcohol and ctliei* ; a largo quantity of water decomposes it into 
an acid salt and free alkali. It gives off its water at 100®, and is not decomposed at 
140®. An acid potassium salt., C'“II'''*0‘“K . 2C‘‘^®Ii“‘’0^, separates in the crystalline 
lorm when pimaric acid is added to hot alcoholic potfish till the alkaline reaction is 
nearly neutralised ; it dissolves sparingly in water, easily in alcohol, and molts at 
121®. The neutral potassium salt was obtained in very small quajitity only. Tlie 
acid ammonium salt, 02°I1^‘'0‘(NH^) . C"®II’'"0'‘*, separates from a solution of the acid 
in aqueous ammonia, in long silky noodles, s(jlublo in W’ater, but decomposed by a 
large quantity of water. The magnesium, calcium, barium, sfru7iiiiim, and lead salts 
may bo easily prepared from the sodium salt and purified by alcohol and ether. The 
C*°H2®0‘-^Ag, quickly turns red on exposure to light. Laurent a. Sie vert 
describe all these salts as uncrysUvllino ; Laurent iud<*ed indicates the uncrystallisa- 
hility of the lead salt as affording a distinction between pimaric and sylvic acids ; 
Luvernoy, however, obbiined the load salt crystallised from otlicr. 

When hydrochloric acid gas is passed into an alcoholic solution of pimaric acid, a 
modified pimaric acid is deposited, as a crystalline precipitate, which forms with 
ammonia, not a crystalline, but a gelatinous salt. The free acid molts at 143®, and 
crystallises from alcohol in microscopic truncated triangular plates. This modifica- 
tion, as well as the former, turns the plane of polarisation to the left. 

Pimaric acid yields, by distillation, a yellow, transparent, brittle, acid rosin, the alco- 
holic solution of which does not dei)osit crystals. Tlio ammonium salt of this acid is 
gemtinous when first prepared, but changes in a few days into needle-shaped crystals, 
iho free acid melts at 129®, and is not therefore unaltered pimaric acid, as stated by 
oievert. Sylvic acid prepared from colophony melts at 129®, and likewisjO yields a 
gelatinous ammonium salt (Luvernoy; soo also Streckor, Ann. Ch. Pharm. cl. 131). 

PXBXBZiXC ACX1>, is formed, together with other products, by fusing 

camphoric acid with potash (Hlasiwetis a. Grabowski). See Camphouic Acid (p. 389). 

nirA.coxrB. — The following additional observations on this body 

have been made by Friedel {Zeitschr. f. Chem. [2] v. 485). Pinacone is not suscep- 
tible, as supposed by Linnomann (iv. 648), of two modifications, one liquid and the 
other solid, the supposed liquid mfxlification being merely in a state of surfusion, like 
yater cooled under certain circumstances below 0®. In fact, pinacone, when distilled 
in an oil-bath, may remain fluid for a long time after cooling, but rapidly crystallises, 
rise of temperature, on rubliing the sides of tlie vessel with a glass rod. 

Pinacone exhibits the chemical relations of a glycol. On treating it in the cold 
With hydrochloric acid gas, a chlorinatcxl product is obtained which is decomposed by 
distillation, and when treated with potash yields pinacolin, 0*11 ‘'O ^iv. 647), This 
mtter product is likewise formed by treating piuawmo with glacial acetic acid. 
Pinacone is not converted into pinacolin by merely heating it strongly in a sealed 
tul^. Phosphorus pentachloride acts strongly on pinacone, converting it, with evolution 

Sup, 3 p 
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of hydrochloric acid, into a chloride, which appears to have the composition of 
hexylene chloride, and boils, apparently with decomposition, at about 160° 

Treated with sodium this chloride yields an oUy liquid boiling between 60° and 70° 
and apparently consisting of hexylene, ^riedel represents pinapone by the formula ' 

H»C CH* 

H>i Lh* 

that is to say, as tetramethylated ethyl-glycol, and the hexylene obtained from it aa 
tetramethylated ethylene. 

MPnxc ACZp. = C*«HW.CO"H (Fittig a. Mieick, Ann. Ch, 

Tharm. clii. 25 ; Zdtschr. f. Chem. [2] v. 326). — This acid, prepared according to the 
method of v. Babo a. Keller (iv. 653) by heating piperine with alcoholic potash, and 
purified by separation from its potassium salt and rocrysbillisation, melts in the first 
instance at 216°— 217® ; but after being once fused, it melts constantly at 212°-213°, 
not at 150° as stated by v. Babo a. Keller. AVheu heated a few degrees above its 
melting point, it sublimes with partial decomposition in slender needles. It may be 
heated with pure water to 230° for days without sensible decomposition, but between 
235° and 245° it decomposes completely into carbon dioxide and a mixture of non-acid 
resinous bodies. Very weak hydrochforic acid appears to produce the same decompo- 
sition oven below 160°, strong hydrocliloric acid at 100°. Piperic acid heated with 
quixih lime decomposes almost completely into water, carbon dioxide, and free carbon, 
with only a trace of an oil very mucli like phenol. 

_ Potassium piporato heated with ethyl iodide, potash, and alcohol, yi(dds only ethylio 
pjperate, not a trace of ethylic ethyl -piperate. Piperic acid is not decomposed by 
acetyl chloride, even when heated therewith in sealed tubes, and when heated with kydri- 
cdic acid, it yields only a trace of a volatile iodine compound : hence it appears that tlie 
two oxygen-atoms in piperic acid not included in the carboxyl group are not present 
ns HO, or as CH^O, &c. 

Piperic acid is oxidised by chromic acid mixture, even at ordinary tomperaturcH, 
quickly and completely at a gentle heat, the only products being water and carbon 
dioxide. Mixed in neutral solution with 'potassium permanganate, it instantly 
reduces that compound, and is oxidised to piporonal, ’ (p. 947), together 

with oxalic acid, carbon dioxide, and water : 

-H o« = miw + cm^o* + 200* -f h^o. 

A small quantity of the piporonal is further oxidised to piperonylic acid. Dilute 
nitric acid^ acts very strongly on piperic acid, producing a rod, non-acid, amorphous 
body, sparingly soluble in the ordinary solvents, and completely dissolved by proloiigeil 
boiling with nitric acid, yielding a largo quantity of oxalic acid. The solution filtered 
from the red substance contains piperonal or a nitro-derivative of it, which crystallises 
well and melts at 138°-139°, 

When piperic acid is triturated with a fimall quantity of water, and with bromine 
gmdually added to it, the bromine is slowly taken up; and on washing the product 
with water and dissolving it in hot alcohol, unaltered piperic acid ciysbillises out, and 
the mother-liquor loaves on evaporation a non-acid resinous body, which when distilled 
with aqueous sodium carbonate, yields a colourless distillate of monobromo- 
piperonal, C*lI‘'BrO®, which crystallises in the condeusing-tube in needles. This 
u ^ does not exist ready-formed in the resin, but is produced from it by the action of 
Dm sodium carbonate, for the resin does not yield it by distillation with pure water. 
The nature of the constituent of the resin from which the bromopiperonal is formed 
exactly made out; but it appears to be a body having the composition 
C*H®Br*0'*, which may be obtained in the separate state by agitating 1 mol. piperic 
acid suspended in water with an ethereal solution of 4 mol. bromine, whereupon the 
piperic acid disappears, and a heavy red ethereal liquid gradually settles to the 
bottom ; on {igitating the whole with solution of sodium carbonate, the colour disap- 
pears, the ether rises to the top, and numerous small colourless nacreous larain® 
^parate, the composition of which may be represente<l by the formula C*H»Br*0*. 
From this compound the bromopiperonal may bo found according to the equation : 

C*H»Br*0<* « C*H*BrO* -i- CO* -f 2HBr + H*0. 

Another substance remains dissolved in the ether, and may be obtained, by evapora- 
tion And lej^ted crystallisation from alcohol, in colourless prisms whose composition 
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may be represented empirically by either of the formul®, or C'*II“»Br*0\ 

This body gently heated with strong potash-ley yields piperonal. 

Hydropiperic acid, reacts with oxidising agents and with bromine 

very much like pip^ic acid. Treated in neutral solution with potassium perman- 
ganate, it likewise yields piperonal ; but the reaction is not so definite as with piperio 
acid ; the piperonal which distils over is not quite pure ; and the residue of the distilla- 
tion yields with hydrochloric acid a black viscid resinous precipitate. ■ 

PZPSRXSXSTZS. C^H“N (Wortheim, A^m. Ck. Pfmrm. cxxvii. 75). — This base 
may be prepared directly from pepper by distilling the alcoholic extract with excess 
of caustic potash, ultimately with {uldition of a little water. The nearly colourless 
alkaline distillate containing a small quantity of volatile oil, together with piperidin^ 
and ammonia, is 8aturate<l with sulphuric or h^'drocliloric acid, and ovaponited to 
dryness ; the residue is exhausted with absolute alcohol ; the solution again evapo- 
rated ; and the admixed popper-oil is separated by solution in a small quantity of 
water, filtering through a wet filter, and repeated evaporation over the water-bath* 
The concentrated aqueous solution is then decomi)osetl with caustic potash, and the 
oily layer of piperidine thereby separated is rectified. 28 kilogr. of pepper (white 
and black in equal parts) thus treated yield 850 grni. pare piperidine. 

The crystalline forms of several piperl«lino salts have been dotorminod by Zepharo- 
vich {WwJi, Akad. Ber. lii. [1] 241 ; Jahresh. 18GC, p. 479). 

mtrosoplperidiiie. C^li“'N‘^0 = ^ (Wertheim, loc. cit .). — When 

piperidine is slowly saturated with nitrous acid, a dark emorald-groon liquid is formed, 
which, after the excess of nitrons acid has been removed by slowly passing Civrbon 
dioxide tlirough it at 30'^-40°, changes to a wino-yollow oil having a pungently acid 
but aromatic odour; and on mixing this oil, first with an equal volume of water, then 
by drops and in a well-cooled vessel with strong potash-ley, a yellowish-red oil 
separates, which, by agitation with dilute hydrocliloric or glacial phosphoric acid, 
drying over calcium chloride, and rectification at 160°, yields pure nitrosopiperidine. 
This compound is likewise formed, according to Bunge {Zeitschr. f. Cfhfm. [2 j v. 649), 
together with water, by distilling piperidine nitrite. 

Nitrosopiperidine is a pale, wine-yellow, neutral liquid, having an uiiploasant 
aromatic odour and burning aromatic taste. Sp.gr. 1*0659 at 15'5°. It volatilises 
without alteration at 1 60°-l 80°, and boils at 240° with partial decomposition. Vapour- 
density 4*04 (calc. 3*94). It dissolves with moderate facility in water, much more 
easily in acids, especially in concentrated acids, and is procipibitod therefrom by 
Water, also in aqueous solution by common salt. 

Nitrosopiperidine is reconverted by nascent hydrogen (zinc and hydrochloric acid) 
into piperidine, with simultaneous formation of ammonia and water : 

C‘H’‘>(NO)N + 3IP = C»U“N = NH® + H»0. 

Heated to 100° in hydrochloric acid gas, it yields piperidine hydrochloride and 
chloronitrous acid ; 

C‘‘H>‘»N20 + 21IC1 = C^ll^N-IICl + NOCl. 

At ordinary temperatures hydrochloric acid gjvs is absorbed by nitrosopiperidine, 
forming a colourless mass probably consisting of C^H'^'N^O ,IIC1, On continuing the 
passage of the gas, the crystalline compound molts tx> a syrupy liquid, the increase iu 
weight of which corresponds to the foi*mula C Ti'®N^O . 211C1. Both these salts are 
completely decomposed by water, with separation of nitrosopiperidine. The plalino- 
chloride has not been obtained (Wortheim). 

PZPBRZBTBa C*’H'"NO*. — A warm solution of this base in alcohol containing 
hydrochloric acid, mixed with the requisite quantity of a solution of iodine in potassium 
iodide, deposits on cooling steel-blue prisms of the compound 2C'’H’®NO*.HI* 
(Jorgensen, Zeitschr. f. Chem. [2] v. 675). 

KFHaoirAZi. C*H«0* -= cai^o^.cno = C«H‘— O— CO— COII (Fittig a. 
^ielck, Ann, Ck. Pharm. clii. 36 ; Zeitschr. f. Chem. [2] v. 327 ; Reinsen a. Fittig, 
ZiSitschr. [2] vi. 97). — Produced by oxidatii^m of piperic acid in neutral solution with 
potassium permanganate (p. 946). When an aqueous solution of pobissium piperate 
18 mixed with permanganate, each drop of the latter is almost instantly decolorised, 
and brown manganic hydrate is separated. The solution acquires a very pleasant 
odour, like that of coumarin, and yields piperonal by distillation. 

Piperonal crystallises from water in colourless, tmnsparent, highly lustrous prisms, 
an inch long and a line broad. It is sparingly soluble in cold water, more easily in 
hot water, easily in cold alcohol, and in all proportions of boiling alcohol and of 
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other. It has a very agreeable much like that of coumarin, melts exactly at 

37°, and boils without decompositkm iat 263% It has decidedly the characters of an 
aldehyde, forming with acid sodium sulfhite a. compound like that of benzoic aldehyde, 
crystallising in laminae slightly soluble in water and in alcohol; with alcoholic 
ammonia, a basic compound very slightly soluble in water. Uy further oxidation or 
%jy heating with alcoholic potash it is converted into an acid containing an additional 
atom of oxygon. It is not altered by aqueous alkalis, but passes over almost undecorn- 
posed ev<m when distilled with moderately concentrated potash- or soda-ley : hence 
it is not^a hydroxyl-phenol. Heated with water and sodium-anuilgam, it yields 
piperonyl alcohol, and two isomeric bodies, hydropiperoin and 

i s o -h y |l r o p i p e r o i n , C ’ “H ‘ ■*0®, analogous to hydrobenzoin. 

Sro^kojgiperonal, produced, as above described (p. 946), by treating 

acid with bromine, and distilling tho product with sodium carbonate, is 
insolvil^ in cold, somewhat soluble in boiling water, easily soluble in hot, slightly 
in cUDid alcohol, find crystallises from alcohol in long, flexible, shining, colourless 
needle's; melts at 129°, volatilises perceptibly at 70°, and so easily with vapour of 
water tliat narrow condensing tubes are very soon stopped up by it. Cold fuming 
nitric acid converts it into a well-crystallised nitro-coiii pound. With sodium-amalg;im 
it yields piporonal and its products of reduction, 

ChloTinatcd Derivatives of PiperoQial. — 1 mol. piperonal and 1 mol. plujs- 
phorus pentaclilorido mixed together at ordinary temperatures produce piperonal 
chloride, CJTCr-^, according to the equation; 

CaPO^C]lO + POl^ = PCPO -t- C^H*02.CHCP. 


This compound is liquid, boils at 230°-210°, but decomposes for the most part on 
distillation, and is slowly reconverted by w'alcr at ordinary temperatures into 
piperonal. When 1 mol. piperonal is heated witli 3 mol, PCP, hydrochloric acid is 
evolved, phosphorus oxychloride distils over, and there remainsacolonrless or slightly 
yellow liquid, consisting of di chloropiperonal chloride, C’H^Cl-0 . CIKfl* ; it 
boils at about 280°, and tliiekens but docs not solidify at low temperatures. In con- 
tact with water or with moist air it is quickly resolved into hydrochloric acid and 
dichloropiperonal, C«H^CPO» = . COH or CHPCP-O— CO -COIf, 

a solid body, insoluble in cold water, easily soluble in alcohol and in toluene, and 
crystallising from the latter in colourless needles. This last compound boiled with 
water, or heated to 100° with water in sealed tubes, gives up tho whole of its chlorine 
as hydrochloric acid, and is convt:rtcd, with olimiiiation of carbon dioxide, into 
protocatochii i c a Id e li yd e, isomeric with oxybenzoic acid : 

^C1 ,011 ‘ 

C«H»^-C1 + 2mO = 2HC1 -i- CO* + C«H^:^^011 

^-O—CO—COH ^-COII 

Dichloropijjc'i'oual. rrotocatecliuLo 

aldehyde. 


’Niiropiperonal, C'’JP(N02)0^, is formed when piporonal, piperonyl alcohol, 
hydropiperoin, or isoliydropiporoi'n, is warmed with nitric acid of sp. gr. 1*39. On 
pouring tho resulting solution into water, fho nitro-compound separates as a liglit 
yellow crystalline mass. It is nearly insoluble in cold water, but dissolves easily iu 
hot water and in alcohol, and crystallises from water in long colourless needles which 
quickly become golden-yellow on exposure to the air. It melts at 95*5° (Kemson a, 
b’ittig). 

aydroplperoln. C'^H'^O®. — This compound, formed by tho action of nascent 
hydrogen on piperonal, is nearly insoluble in water even at the boiling heat, also in 
cold alcohol, sparingly soluble in hot alcohol, and separates therefrom on cooling in 
stellate groups of hard pointed crystcils melting at 202°. 

hohydropiperoin, C*®H‘^0®, is also nearly insoluble in cold water, but may be 
recrystallisod from boiling water. It dissolves easily in alcohol, and may therefore 
be readily separated by aicoh<)l from hydropiperoin. It crystallises in felted groups 
of long soft needles whicli melt at first at 138°, but after being once liquefied, melt 
Again at 135°. 

Acetyl chloride converts hydropiperoin slowly, and isohydropiperoi'n more quicklyi 
into hydropiperoin cliloridc, as represented by tho following 

©(piation : 

C^H502—CH(On) C’H^O*— CHCl 

I -v 2C-n>OCl = 2G2H®0(0H) -h J 

C’IP02— CH(On) CHCl 

irj-dropiiK'roiu. Arofyl Acetic acid. llydropiperoai 

cltloridc. chloride. 
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This chloride is nearly insoluble in water and aloohol at ordinary temperatures. By 
prolonged boiling with water it is decomposed, wfth formation of hydrochloric acid. 
It becomes slightly yellow at 160®, melts at 198®, decomposes immediately after 
fusion, with evolution of gas, and is converted into a viscid brownish-yellow mass 
which docs not resolidify on cooling (Bomsen a. Fittig). See further, CA.^ 

Tharm. clix. 129 ; Chem. Soc. J. [2] ix. 934. 

PlPEROl'TYIi AXiCOROXi, also a product of the action o;£ sodium- 

ainnlgam on piperonal, lorms colourless cry.stals molting at 61®. It is very^Bparingly 
soluble in watt-r, separates therefrom ns a liquid, and remains liquid for a long time 
in contact w'ith water. In alcohol it dissolves in almost all proportions. It is not 
volatile without decomposition. With acetyl chloride it gives otf hydrochloric acid, 
and forms a liquid ace tic ether (Remsen a. Fittig), 

PlPBROWY’lilC C*H*0*, is formed in small quantity, as a seCQU^ry 

product, in the preparation of piperonal, and may bo separattd from the '!l?esidltn of the 
<listillation l)y hydrochloric acid. From pure piperonal it is easily obtained by adding 
potassium permanganate to the aqueous solution till tlio odour of the pipetonol 
disappears, thou filtering, evaporating, and precipitating with hydrocldoriO acid* It 
may also be prepared, though loss pure, by boiling piperonal with alcoholic pot^h. 
The acid obhiined in either way may bo purified by reerystallisation from alcohol *nd 
sublimation. It is nearly insoluble in cold water, sparingly soluble in boiling water, 
alcohol, and ether, more easily in boiling alcohol. From boiling water it crystallises 
in large, thick, colourless, spicular crystiils, apparently monoclinic prisms wiUi 
oljlifpie end-faces. AVhen perfectly purified by rept^ated sublimation, it molts exactly 
and without the slightest coloration at 227‘6® to 228’6®, It sublimes below its 
melting point, and, if quite pure, without decomposition. 

Piperonylic acid is monobasic, and must therefore differ in constitution from 
phthalic acid, with which it is isomeric. The potassitnn salt, crystallisos 

from hot alcohol in small, hard, colourless prisms ; from water in small, hanl, incon- 
spicuous needles. It is easily .soluble in water, moderately in boiling alcohol, 
sparingly in cold alcohol. The silver salt, 0'‘lT'’0b\g, is obtained as a granular 
crystalline procipibite, and crystallises from hot water in long, narrow, colourless 
liiminfe permanent in the air. The barium salt, (C'*Il‘’()‘)"Ba -f- ll'd>, is easily soluble 
in hot water, and erystalHses thsrefrom in hard shining prisms. The calcium salt, 
(C'*IP0^)^Ca + SlldJ, forms tufts of colourless silky need I os or lamiiife, moderately 
soluble in cold, oa.sily in hot water. Tim ^inc salt forms largo cohmrloss pointed 
crystals sparingly soluble in cold water. 

The solution of the potassium salt forms a cinnamon-coloured precipitate with 
forric chloride, white with mercuric chloride and with load nitrate. Witli cuprio 
solutions in the cold it forms a briglib green precipiUito whicli, when heated in the 
liquid, quickly becomes light bluo, almost colourless. 

Piperonylic acid reacts almost exactly like piperic acid with cliromic acid solution, 
and when distilled with excess of lime. It is also easily oxidised by dilute nitric 
acid, with formation of oxalic acid and carbon dioxide. By sodium-amalgam it is 
very slowly converted into an acid, which dissolves very easily in hot water and in 
ether, and exhibits the general characters of an aromatic hydroxylic acid (Fittig a. 
Mielch, loc. cit.). 

When piperonylic acid is heated with dilute hydrochloric acid in se.abd tubes to 
1G0°_200®, a black mass separates, consisting almost wholly of free carbon, and tlio 
nearly colourless solution yields on evaporation protocat cchuic acid or pyrocatochin, 
according to the temporaturo to which the materials have been heated. A t 160®-170®, 
the product is almost wholly protocat cchuic acid, but at 190®-2U0® pyrocatochin is 
formed, with elimination of carbon dioxide : 

C‘H«0< =» + C; and C«H"0« « C^IPO® + 0 + CO». 

Piperonylic Protocatc- Piperonylic Pyrocntechiii. 

acid. chuic acid. aciU. 

The quantities of these bodies obtained are, however, much bohjw the theoretical 
quantities (Remsen a. Fittig, Zeitschr. f. Chem. [2] vi. 101) Sco further, Ann. Ch. 
Pkarm. clix. 129; Chem. Soc. J. [2] ix, 936. 

PXiATZSiUM. A method of separating platinum from the allied metals, founded 
on its behaviour with caustic soda, is given by W. von Schtueder (Ann. Ch. Vharm. 
Suppl. Y, 261). Platinic chloride in aqueous solution is scarcely, if at all, reduced to 
platinous chloride by excess of sodium hydrate, even after prolonged boiling, whereas 
the higher chlorides of the other platinum metjils, wlicn similarly treated, are more or 
less converted (with formation of s<xlium chloride and liypjchlorite) into lower 
chlorides not prccipitablc by sal-ammoniac. The separation miiy therefore bo effected 
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AS follows. The platinum ore having been exhausted with nitromuriatic acid, and the 
nitric acid removed by evaporation, the solution is mixed with a very largo excess of 
s^a-ley free from potash, and boiled till a small portion of the platinum tetrachloride ig 
reduced to dichloride ; a little alcohol is added -to decompose sodium hypochlorite • 
the precipitate is redissolved in hydrochloric acid ; and the solution, filtered if neces- 
sary, is mixed with a hot-saturated solution of sal-ammoniac, whereby, if the preceding 
conditions have been accurately observed, the platinum alone is precipitated as light 
yellow ammonium platinochloride. If, on the contrary, the excess of sodji-solutioii 
added has not been sufficient, the precipitated platinochloride contains some of tlm 
other platinum metals, which remain behind when the platinum-sponge prepared 
therefrom is dissolved. The metals remaining in solution are precipitated at the boil- 
ing heat by a strip of copper-plate ; the precipitated metallic powder is washed ; iho 
palladium dissolved out of it by nitric acid ; and the residue, which still contains 
platinum, is added to the next preparation. 

Bbboreiuer’s method of purifying platiniim solutions by treatment with calcium 
hydrate is the same in principle as that just described, the higher chlorides of all tlic 
metals of the group except platinum being thereby also reduced to lower chlorides ; 
Wt it does not effect complete separation, as Schneider has shown by analysis of 
Bussian platinum coins and platinum-sponge which had been purified by Doboreiner’a 
method. 

Platinum and iridium may be separated by the different solubilities of their sulphites. 
The mixed oxides of the two metals are suspended in a solution of potassium carbonatt^ 
or sulphite ; the liquid is saturated with sulphurous acid ; and the solution (containing 
all the platinum as platinous sulphite, and part of the iridium as potassio-iridiuua 
sulphite) is boiled with the precipitate (iridic sulphite), the water being renewed as it 
evaporates, to expel the free sulphurous acid. The whole of the iridium is tlierehy 
separated; and the filtrate, evaporated, ignited, and washed, yields pure metallic 
platinum (Birnbaum, Ann. Ch. Pkarm, cxxxix. 164). 

Respecting the absorption or occlusion of hydrogen by platinum, see Gases, 
Absorption of (p. 634), 

Platinisation of Metals, — A convenient liquid for this purpose is prepared by adding 
sodium carbonate to a solution of platinic chloride as long as carbon dioxide is thereby 
evolved, then a small quantity of starch-sugar, anc^ finally common salt, till the pro- 
cipitated metal exhibits a pure white platinum colour. Small objects may be platinised 
by mere contact action (Bottger, J. pr. C\em. [2] fv. 524), 

Bromides (Topsoe, Jahresh. 1868, p. 274). — Acid Platinio Bromide or 
Hydroplatinic Bromide^ PtBr*.2HBr -p 9H'-^0, is obtained, by dissolving 
platinum-sponge in a mixture of nitric acid and excess of hydrobromic acid, and 
evaporating the solution over quick lime, in transparent, crimson, very deliqucscoiit 
prisms, apparently belonging to a clinometric system. They melt at 100°, giving off 
water, hydrobromic- acid, and bromine, and ultimately leave a solid mass of platinous 
bromide and undecomposed acid platinic bromide ; neutral platinic bromide cannot bo 
obtained in this way. To obtain platinous bromide, PtBr^ acid platinic bromide 
is heated to 200° till it is converted into a solid yellow mass ; this, when lixiviated 
with water, yields the dibromide as a greenisli-brown powder, insoluble in water, 
moderately soluble in hydrobromic acid and potassium bromide.- It withstands a 
temperature of 240° for a short time, but is partially decomposed by prolonged heating 
to 200°. 

Bromonitrite of Piaiinio Bromide, PtBr<.2NOBr, is formed when platinum 
is treated with a mixture of hydrobromic acid and excess of nitric acid, and separato-s 
as a dark brown metallically shining powder, composed of microscopic cubes, deliquesc- 
ing in the air with evolution of bromonitrous acid, and decomposed by water with 
evolution of nitrogen tetroxide. 

Platinobromides. — Ammonium plMinobromide, 2NH*Br . PtBr*, is obtained by 
precipitation as a crystalline orange-coloured powder, the solution of which in 200 pts. 
of water deposits the salt by spontaneous evaporation in large, shining, crimson cubo- 
octohedrons. The sodium salt, 2NaBr.PtBr* 6H‘0, crystallises in irregularly 
developed, mostly tabular, triclinic prisms, isomorphous with the corresponding chlorine- 
compound. The following platinobromides have been prepared by saturating acid 
platinic bromide with the corresponding carbonates. The barium and strontium salts, 
M"Br® . PtBr* -I- lOH^O, apparently isomorphous, form crimson, laminar, somewhat 
deliquescent crystals. The lead salt, PbBr* . PtBlr*, forms shining red-brown granules 
easily soluble in a small quantity of water, partially decomposed by a larger quantity. 
The cupric salt, CuBr*.PtBr* 8H*0, forms laige tabular, apparently rhombic, deh- 
quescent crystals. The nieJeel NiBr* . PtBr* + 6 11*0, crystallises in brownisli- 
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groen combinations of a rhombohedpon with a prism of the second order (axes a : o =« 
1 : 0-6136 ; angle of terminal edges = 127® 34'), and is isomorphous with the corre- 
sponding double chloride. The plati nobromides of magnesiumf manganese, einc, and 
c<,balt Imve the general formula M"Br*.PtBp* + 12H20 ; they are very soluble, but 
crystallise easily in irregularly developed rhombohedral combinations containing tlio 
same amount of water as the corresponding platinochlorides : 


MgBr*.PtBr* + 12H‘0 
MnBr^.PtBr" + 12H'^0 
ZnBr^PtBr* + PiH^O 
CoBr^.PtBr* + 12H-'0 


Length of prin- 
cipal axis c 
of the rhomlK>ho<iron 

(rt = 1) 

. 0-6974 

0*7026 
0-C989 
0*6970 


Terminal angle 
of rhombohotlron 
114° 12’ 
113° 63' 
114 ° 6 ' 

114° 10' 


Tiio calcium salt has the same amount of water, and crystallises in small crimson 
ilbdefined crystals. 

ClilorldeSi When a solut.ion of plati iiic chloride, freed from nitric acid by heating 
with hydrochloric acid, is evaporated over sulphuric acid and lime, largo hrown-sm 
very deliquescent crystals are obtained, consisting of the acid chloride, hgdroplatinio 
chloride, or hydrogen platinockloridc, 11‘^PtCP + ClPO or ‘iHCl.PtCP + 6H*0 
(K. Weber, Pogg. Ann. cxxxi. 443). 

Fuming nitric acid added to not very acid solutions of platinic chloride throws 
down the greater part of the platinum as a yellow precipitate, wliich when drained on 
an asbestos filter, and dried on a porous plate over sulphuric acid, forms a brownish- 
yellow deliquescent powder. This substance dissolves in water with evolution of 
nitrogen dioxide ; but is decomposed by potash, with foruuition of nitric acid and 
without evolution of gas. Weber {ihid. 441) represents this compound by the formula 
PtCP.2NO*Cl + H''‘0 ; it is probably identical with that whicli Boy^ and liodgers 
obtained (iv. 668) by evaporating platinic chloride with nitromuriatic acitl. 

Platinochlorides . — Topsoo {Jahresh, 1868, p. 273) has propare<l the following 
platinochlorides by adding weighed quantities of the corresponding oxidi^s or carbon- 
ates to solution of acid platinic cliiorido, (PtCP.2HCl + OJi'-^O), and evaporating over 
sulphuric acid at ordinary temperatures. The barium salt, Badr-'.rt.CP + 4II''*0, 
crystallises in monoclinic prisms, ooPoo .oP. ooP.P, sometimes tabular from predomi- 
nance of the orthopinacoids, and having the cl i nodiagonal, ortliodiagonal, and principal 
axis in the proportion of 0*948 : 1 ; 1*48, and the angle oPtho ini^li nod axes — 77° 40'. 
The ca/ctuwi CaCP.PtCP + 3IPO, forms light yellow, warty or laminar, some- 
what deliquescent crystals. The /crtif PbCP. PtCP + SII'^O, crystallises in hard 
light yellow cubes, decomposed by a large quantity of hot wat^^r, with separation of 
lead chloride ; according to^Birnbaum, the crystals contain 411‘‘'0, have an orange-rod 
colour, effloresce over sulphuric acid, hut deliquesce in the air, and dissolve easily in 
water and in alcohol. 

The platinochlorides of the magn(*.sinm group have the general formula M"CP . PtCl* 
+ 6H^O. They are very soluble — the cupric salt very deliquescent — but nevortholoss 
crystallise with facility. The more or loss yellow crystals are combinations of a 
rhombohedron of the first onler with a prism, usually predominating, of the second 
order ; sometimes they exhibit a monoclinic or even quadratic aspect. Topsoo describes 
the following; 


MgCP.PtCP 

+ 

6H’0 . 


Length of axis c 
(a = 1) 
0*6169 

Terminal angle 
of primary 
rhombohedron 

127° 17' 

MnCP.PtCP 

+ 

6H’'0 . 


0 5310 

120° 10' 

FeCP.PtCP 

+ 

6H20 . 


06144 

127° 30' 

NiCP.PtCP 

+ 

6U*0 . 


0*6162 

127° 22' 

CoCP.PtCP 

+ 

OH^O . 


0*5140 

127° 32' 

ZnCP.PtCP 

-f- 

GH^O . 


. 0*5169 

127° 18' 

CdCP.PtCl* 

4- 

6H"0 . 


0*5235 

126° 46' 

CuCP.PtCP 

+ 

GH^O . 


0-5219 

126° 63' 


The magnesium and manganese salti* crystallise in this form only above 20°; at lower 
temperatures, in irregularly developed combinations of two rhombohedrons with a prism 
of the second order ; these two salts are likewise isomorphous : 

Terminal 

Axis e , angle 

0*7057 . 113° 40' 

0 7073 . 113° 44' 


Mga*.Pta' + 121PO . 
MnCP.PtCP + 12U^O . 
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From these results it appears that the double salts of platiiiic chloride are isomorphoua 
with those of platinic bromide containing the same' quantities of water, also with the 
double fluorides of tin, titanium, zirconium, and silicium investigated by Marignac 
{Jahresb, 18*59, p. 106 ; 1860, p. 134), and according to experiments by Jorgenson, cited 
by Topsoe, with the double salts of stannic chloride. 

Silver chloride dissolves abundantly in concentrated solution of platinic cliloritio and 
crystallises out unaltered ; bub if to a perfectly neutral solution of platinic chloride 
mixed with a largo quantity of ammonia, there be addod, immediately after mixture, 
an ammoniacal solution of silver nitrate, a granular microcrystallino precipitate is 
formed, which, when dried over sulphuric acid, has the composition Ag'^PtCl". 2NI1* 
+ This compound treated with cold potash-ley gives off all its ammonia, and 

when boiled with sedium carbonate deposits all the silver and part of the platinum in 
the form of a dingy yellow precipitate, while the greater part of the platinum remains 
dissolved, forming a yellow solution from which, after acidulation with hydrochloric 
acid, the platinum may be precipitated as ammonium platinocliloride. 
cldoride is decomposed by platinic chloride, with separation of mercury, and the 
solution yields on evaporation, first crystals of mercuric chloride, and afterwanis a 
dark brown non-crystalline deliquescent mass (Birnbaum, Zeitschr. f. Chem, [2] iii. 
620; Bvll. Soc. Chim. [2] viii. 416). 

Silver nitrate added to a solution of platinic chloride throws down the whole of Iho 
platinum in the form of a yellow precipitate of argento-jdatinous chloride^ -AgCl. PttU*, 
which does not blacken in sunshine, but slowly turns grey in diffused daylight. 
Mercurous nitrate forms with platinic chloride a light yellow precipitate quickly turning 
brown, whose proportional composition agrees vrith the formula PtCP . 2HgO .Ilg'Cl- 
-f 6H*0 ; by fractional precipitation, compounds of permanent yellow colour are ut 
length obtained. All these precipitates decompose, with separation of platinum, when 
heated with the liquid (platinum is also separated by precipitiiting from hot solutions) 
and dissolve in boiling nitric acid. When heate^l alone, they yield a sublimate of 
mercurous chloride, mercuric chloride, and mercuric oxide, together with water, and ;i 
residue of platinum. Platinic nitrate is not formed in the decomposition of platinic 
chloride by silver nitrate and mercurous nitrate (Conimaillo, Bull. Soc. Chi?u. [2] 
vi, 262). 

On the reaction of platinic chloride with sulphurous acid, soc Sulpiittes. 

Platinic lodochloride., PtCPP, is formed by dissolving platinum in nitro- 
muriatic acid, together with the quantity of iodine necessary to form platinic iodide, 
evaporating over the water-bath as long as acid fumes continue to escape, and leaving 
the solution to cool over sulplmric Jicid. It then separates in largo brick-rod prisms, 
which deliquesce in the air, and melt even below 100° to a red mobile liquid, smelling 
of iodine chloride when continuously warmed. The aqueous solution forms with 
chloride of potassium or ammonium a precipitate of potossium or ammonium platino- 
chloride, whilst potassium or ammonium iodide remains in solution. It is coloured 
deep red by potassium iodide, and decomposed by iodine monocJiIoride in the manner 
represented by the equation PtCPP -f 2IC1 =» PtCB -t- 21'^ (Kammeror, Ann. Ch. 
Pharm. cxlviii. 329). 

Biplatino carh onyl tetrachloride. (CO)^Pt*Cr' = COPtCP. C®O^PtCP (?).— 
This compound is formed when a mixture of chlorine and carbon monoxide is p{isso<i 
over spongy platinum heated to dull rediies.s in a glass tube; it then sublimes as a 
yellow powder which must bo immediately enclosed in dry glass vessels. This powder 
appears to contain different compounds, according to the temperature and other cir- 
cumstanc.es of the preparation, inasmuch as its melting point is found to vary from 
130° to 160°. It dissolves easily in warm carbon tetrachloride, and separates in 
shining needles on cooling. When quickly and strongly heated, it is decomposed, giving 
off carbon monoxide and carbon oxychloride, and leaving platinum. As it decomposes 
nearly at the temperature at whicli it volatilises, it cannot be distilled, excepting in a 
stream of gas. It blackens in conbict with moist air, and is instantly decomposed lij 
water, with formation of carbon monoxide and dioxide, hydrochloric acid, and metallic 
platinum (Schiitzenborger, Ann. Ch. Phys. [2] xv. 100; Zeitschr. f. Chc7n. [2] iv. 321; 
Jahresh. 1868, p. 277). 

;P&2LXZSn7M[-Bj&8SS, A.2MniKO>rX.A.CA1b. The following observations on 
these compounds have been made by Hadow {Chem. Soc. J. [2] iv. 345). Tetrammonio- 
platinous chloride (diplatosamine hydrochloride) i.s conveniently prepared by digesting 
platinous chloride (obtained by heating platinic chloride) at a gentle heat with 
moderately strong ammonia, and evaporating the solution ; the salt then crys^Ilises 
in prisms containing N*H‘^PtCl* + H^O. A hot solution of this salt yields with hot 
moderately concentrated nitric acid, a crystalline deposit of totrammonio-platinic 
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nitroto-chloride (diplatinamino chlorhydmnitrate ; Gros’ nit-rato), 
which by recrystiilHsation from water may be obtAinotl in flat shining prisms. By 
boiling the solution of this salt for some houi‘s with excess of silVer nitrate (190 pts. 
to 460 pts, of Gros’ nitrate) and a small quantity of nitric acid, it is converted into 
octammonio-diplatinic nitratoxychlorido, N"H-^^Pt(NO*)^OCr'* (iv. 676) : 

2N<H>Tt(NO*)®Cl* + 2AgNO» + IPO = 2AgCl + 2I1NO* + N"H»«Pt=(NO=‘)^OCP. 

From the solution of this last salt, sal-ammoniac throws down a crystalline pre- 
cipitate having the composition N"II’*Pt*CPO. 

The di-arnmonio- and Uirammonio-plathums com'ponnds possess, like platinous 
chloride, the power of reducing permanganates. The totrammonio-platinous salts 
are further characterised by their behaviour to platinous chloride, with which they 
form tlio green salt of Magnus (iv. 674). The latter may bo regarded as the typo of 
a class of salts in wliicli tlie platinous chloride, PtCl-, is replaced by equivalent 
quantities of other chlorides, llgCP, CdCl-, PdCl'^, SnCl-^, CuCl'^ The tetrammonio- 
salts are further distinguished from the diammonio-salts by the characteristic bluo 
or green colorations or precipitates produced in their solutions by nitrous acid 
{y'uL inf.). 

The ammonio-'plaiink saHs do not reduce permanganates. Sal-ammoniac added to 
solutions of tetrammonio-platinic and octammonio-diplatinic salts not crmbiining 
chlorine (salts of diplatinamiuc), throws down an insoluble hydrochloride ; totrnm- 
monio-platinic nitrate forms with sodium sulphate a crystalline precipitate made up 
of needles. Ammonio-platinic sjxlts containing chlorine (chloroplatinamino sails) aro 
not precipitated either by sal-ammoniac or by sodium .sulphate ; the nitrate is 
characterised by its behaviour with platinous chloride, which when added to its 
solution acidulated with nitric acid, throws down a copporod-coloured precipitate of 
variable composition ; ammonio-platinic compounds not containing chlorine do not 
exhibit this reaction. The di- and tetrammonio-])latinic salts are reduced by 
sulphurous acid to the corresponding ammonio-phitinoiis salts. Tliis copper-colourcd 
salt is likewise produced when the green .salt of Magnus is digested for some hours 
with an excess of a very dilute and strongly acid solution of octammonio-diplatinic 
nitrabjxychloride (Kaew.sky’s nitrate). Its composition may bo represented by tho 
general formula aN'^H^Ptt By boiling with water it is resolvotl into tho 
green salt of Msvgnus, tetrammoiii<i-pUitinic nilrato-ehloride (Gros’ nitrate), and 
platinic chloride. 

Hadow has examined two of tho compounds formed on passing nitrous acid into 
solutions of tctrammoriio-platinous salts. A strongly acidulated solution of tho 
nitrate thus treated yields a smalt-blue procipibito, composed of microscopic dodoca- 
huirons ; a similar solution of the hydnxihlondo yields a green precipitate, composed 
of microscopic feathery stars. Tho (y)mposition of the blue compound may bo 
represented (euipirically) })y the formula N'fl*‘'Ft(NO'^)'^ .N'^0‘ ; that of tho green 
compound by 2N'‘Il’^I*tCr'^. N'‘0=*.2HtU. Both these .salts may bo dried at 100° 
without decomjX)sition, and dissolve in water with their original colour. 

P. F. Clove {Acta Societatia Scienfiariwi Upsaliensvi , 1866 ; Bull. 8oc. Chim. [2] vii. 
12; Jahresb. 1867, p. 321) has examined a large number of salts belonging to tho 
tetrjimmonio-platinous and totrammoiiio-platinic series. From tho fact that tho 
platinic may be produced from tho platinous compounds by direct oxidation, or direct 
addition of bromine, chlorine, &c., and tho former from the latter by reduction, ho 
infers that tho compounds of those two series contain the same radicle, viz. 
NGI'2pt«*^ tho oxide of tho former scries being N'lI'^PtO, that ofi the latter 

N*H‘*PtO». 

Buckton {Chem. Soc. Qu. J. v. 213), by treating tctrammonio-platinons chlorido 
with various metallic salts, obtained compounds of this chloride with tho corro- 
eix>nding metallic chlorides ; thus by mixing concentrated solution of totrammonio- 
platinous chlorido with acetate or nitrate of lead, a white crystalline precipitate is 
fonned, which dissolves in hot water, and separates from the saturated solution in 
four-sided nacreous Lvminjc, consisting of the double chloride, NGI'^PtCP.PbCP. It 
IS insoluble in alaihol and in hydrochloric acid, and does not decompose at 170°. 
With solutions of mercuric chloride, zinc chloride, and cupric chloride, the compounds 
N*H»-‘PtClMrgGP, N^H’-'PtCP.ZnCP, and N'H'T^tCP. CuCP, are obtained, all of 
which crystallise in laminae. The copper-compound, which is yellow, is decomposed 
by boiling water into tetrammonio-platinic chloride, which separates, and cuprous 
chloride, which remains in solution ; and on concentrating this solution and adding 
alcohol, a greenish precipitate is formed, consisting of tho double chloride, 
2N*HizptCl* . CiPCP, whicli may also be formed by direct combination of the two 
constituent chlorides. 
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A elasfl of salts isomeric with those just descnbed has recently beeu discovered by 
Thomsen (Oversigt offer det Kongl, ^neke Viderakabemes Selakabs Forhandlinger^ 
1867, p. 226; Jahre^. 1867, p. 278). They are formed w'hen a solution of ammonio- 
platinpus thloride, or of platinous chloride itself, is precipitated by the ammoiiiacal 
solution of a metallic salt. They are all crystallisable (mostly in long prisms), and 
usually coloured, the copper salt being violet, the nickel salt green, the cadmium salt 
orange-coloured, the zinc salt red, and the silver salt light rose-coloured. They all, 
excepting the silver salt, withstand a temperature of 120°, but decompose when more 
strongly heated, giving olT sal-ammoniac, hydrochloric acid, and nitrogen, and leaving a 
residue of platinum and metallic chloride. In water and ammonia they are nearly 
or quite insoluble, but dissolve easily in hydrochloric acid, being thereby distinguished 
from the double chlorides obtained by Buckton, which dissolve easily in water, hut 
with difficulty in hydrochloric acid. The cupric salt of this series was obtained some 
years ago by Millon a. Commaille (iv. 676), by adding platinic chloride to a con- 
centrated ammoniacal solution of cuprous chloride. On neutralising its alcoholic 
solution with ammonia, the whole of the copper is precipitated as oxychloride, and 
the solution saturated with hydrochloric acid and left to evaporate, leaves ammonio- 
platinous chloride. If this copper salt suspended in water be treated with a quantity 
of hydrogen sulphide not sufficient to decompose it completely, the liquid becomes 
strongly alkaline from the presence of free ammonia, and if it be then filtered from 
the copper sulphide and neutralised with hydrochloric acid, it likewise yields crystal- 
lised ammonio- platinous chloride. From this reaction, and from its mode of formation, 
Thomsen assigns to the copper salt the formula PtC1.2NH^Cl.N®H^Cu". The 
relations of these isomerides are inferred from the following considerations. A 
solution of tetrammonio-platinous chloride, N^H'"PtCP or 2NH^Cl.N*H^Pt, forms 
with an acid solution of cupric chloride, a precipitate of Buckton's copper salt, and 
with a solution of platinous chloride, a precipitate of the green salt of Magnus. 
Thomsen accordingly represents Biickton’s salts as CuCP. 2NH^Cl.N*H^Pt'', &c., and 
the salt of Magnus as PtCP.2NH^01.N*H*Pt, the latter being intermediate betwuoii 
the salts of Buckton and of Thomsen, as shown by the following comparison: 

Buckton*s Salts, 

. 2NH*Cl . N*II^Pt"» Soluble in water; insoluble in hydrochloric acid. 

Salt of Magnus, 

Pt"CP.2NH*Cl.N*H^Pt". Insoluble in water; insoluble in hydrochloric acid. 

Thomsen's Salts, 

Pt"Cl* . 2NH^C1 . Insoluble in water; soluble in hydrochloric acid. 

The general formula of all these compounds is therefore R'Cl*. 2NH^C1.N®II^Q'', in 
which R or Q,, or both of thorn, may consist of platinum. 

A comprehensive theory of the constitution of the ammoniacal platinum- 
compounds has lately been proposed by Odling {Chem, Fews, xxi. 289) : 1. The 

diammonio-platinous compounds are roOTesented (as in Gerhaidt’s scheme, iv. 678) 
as containing the base platosamine, ; and the diammonio-platinic com- 

pounds as containing the base plafinamine^ R*Pt*^(II®N)*, the symbol R denoting a 
monad chlorous radicle, Cl, HO, NO*, &c, 

2. The tetrammonio-compounds, platinous and platinic, are supposed to contain the 
bases amoplatosamine^ Pt’XH^N^)*, and amoplatinamine, R*PP’'(H®N*)*, those bases 
containing the monad radicle ammonio-amidogon, or H*N.H*N, related to 

amidogen, H®N, in the same way as the monad radicle ethyl, H®C* or H*C.H®C, is 
related to methyl, H*C. The parallelism between those two series of nitrogen and 
carbon com^unds may be illustrated by the following formulae of methyl chloride, 
ethyl chloride, sal-ammoniac, and aramonio-chloride of silver : 


H*C.HC1 

H»C 

H 

H*N.HC1 

H»N> 


H^C 

:ci 1 


h»n5 


The ammoniacal platinous and platinic compounds may therefore each be divided into 
the two groups of amic and ammonamic compounds. A fifth class is formed by the 
ootammonio-platinic compounds, which contain the radicle amo-diplatinamins, 
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R*Pt*(H*N*)*. The following table exhibits the constitution of the principal 
nmnioniacal platinum-compounds, formulated according to this scheme : 


PlATIIfUM-BASKS AND SaLTS. 


Platosamine, 

pt-(H*N)».2HCl 

Pt"(H2N)^2H(HO) 

Pt''(H2N)«.2H(NO») 

Platinaminc, 
OI^Pt‘"(H2N)*.2HCl 
CPPL‘’(n'‘‘Ny^ . 2H(HO) ? 
(HOy-^Pf’CH^Ny^ . 2H(1I0) 

OPL'^(H2N)^2H(NO=') + 3aq. ? 
(N07‘'rt‘"(H'-'N)2 . 2H(NO=‘) 


Amo-diplatinamine (Rttcw'8k)'’s, &c.) . . 


Amo-platoaamine. 
Pt"(IPN®)».2HCl + aq. 
Pt''(H"N«)».2H(HO) 
Pt"(H‘‘N0*.2H(NO>) 

Anio-platinamine. 
CPPt*"(n^N2)^ 2HCI 
CPPl‘»(H*N^)^ . 2H(NO*) 
(HOy^Pt‘^(IPN»)« . 2H(NO’) 
(N03)2Pt»»(HW)* . 2H(NO’) 
(N07W''(H‘N'^)» . 2HC1 

CP01V(n^N2)^4HCl 

CP0P^(H'^N2)^4HN0’ 4- aq. 
(NO»)W(H»N2)^4nNO* -h aq. 


Odiing has also obtained the baso or hydmto of the platosnmine series, 
Pt''(H'^N)^.2H(HO), by treating the hydrochloride with sulphuric acid, whereby it is 
converted into tho sulphate, and decomposing this salt with baryta-water. It is 
extremely soluble in water, and readily crystallisable ; yields a strongly alkaline 
solution ; libersites ammonia from its salts ; neutralises acids ; absorbs carbonic acid 
from tho air ; and dccf)mposes metallic salts, the resulting precipitates being however 
for the most part double compounds. 

On tho constitution of tho platinum-hases, and of mohillammonium compounds in 
general, see also Blomatrand {DexU. chem. Gcs. Bcr, iv. 40 ; Chem. Soc. J, [2] ix. 189). 

PXiil.xnrirac-MlSTil.XiS, SXSP.aiiA.XX01ir ox. Two methods for the separa- 
tion of these metals have been given by Wolcott Gibbs; 1. By the action of alkaline 
nitrites on the compounds of the cliloridos of these metals with potassium chloride 
(SUL Am. J. [2] xxxiv. 341 ; Chem. News^ vii. 61, 73, 97 ; Jahresb, 1863, p. 294). — 
2, By the action of lutco-cobaftic chloride on those same double chlorides (Sill. Am. J, 
[2] xxxvii. 57, Chem. Newa^ ix. \2\\*Jahre.sb. 1864, p. 287). Tho separation of 
rhodium from iridium, and of ruthenium from platinum, rhodium, and iridium, by the 
first of these metho<ls is doscribwl in vol. v. pp. 103, 137. 

On the separation of iridium and platinum from rhodium and ruthenium, Bee 
also Carey Lea (SUl. Am. J. [2] xxxviii. 81, 248 ; Chem. NewSf x. 279, 301 ; xi. 3, 13 ; 
Jahreab. 1864, p. 290). 

Bunsen has described a new method of working up tho platinum-residues obtained 
(in the Russian Mint) — after separating the platinum from tho nitro-muriatic solution 
of the ore with potassium chloride — by treating the mother-liquor with metallic iron 
in order to precipitate the other metals. This precipitated residue contains all tho 
platinum metals except osmium, and is particularly rich in rhodium, which may be 
advantageously prepared from it by tho process described (Ann. Ch. Pharm. cxlvi. 
265; B^L Soc. Chim. [2] xi. 608 ; Zeitachr. f. Chem, [2] v. 3 , Jahreab, 1868, p. 280 ; 
Phil. Ma^. [4] xxxvi, 263 ; Chem. News^ xxi. 39). 

3POXiXOSntOXTB. See Saffron. 

^ORFKXltXXrXI. A base ol>tained by O. Hesse (Ann. Ch. Pharm. Suppl. it. 40), 
together with chlorogenine, from a peculiar Australian bark. To prepare these 
bases, the strongly bitter concontrate<l aqueous extract of the bark is acidulated with 
Bnlphuric acid and mixed with mercuric chloride, which throws down the chlorogenine ; 
and from the filtrate, freed from mercury by hydrogen sulphide, the porph^ne ia 
obtained by neutralising with ammonia, precipitating tho evaporated liquid with 
aodium carbonate, and agitating with ether ; and purified by treating the ethereal 
eolution with dilute sulphuric acid, again precipitating with sodium carbonate, 
extracting with ether, ana decolorising with animal charcoal. On evaporating tho 
ether, the porphyrine remains in the form of a varnish soluble in water and in alcohol, 
and partly crystallising from alcohol in thin white prisms. The solutions have an 
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alkaline reaction and a very bitter taste. Porpliyrinc melts at 82°, and resolidifies in 
the amorphous state. With strong nitric acid it exhibits a characteristic red coLur, 
With sulphuric and hydrochloric acids it forms neutral salts, whoso solution^ilco 
those of quinine salts, exhibit a deep blue fluorescence when slightly acidulated. ThvI 
sulphate is easily soluble in water and in alcohol, and crystallises in thin prisms ; tho 
hydriodide, mercuroehloride, plati nochloride, and aurochlorido are yellow or wliiio 
precipitates. In the solution of tho acid sulphate, potassium dichromate produces n 
blood-red colour, which subsequently disappears, with formation of a yellow prrcipitale. 

PORPH'X'ROXXIVIES. This base, which is a constituent of opium, dissolves in 
strong sulphuric acid containing nitric acid, to a black-brown liquid, becoming dark 
garnet-rod at 150° (Dragondorrff, Jahresh. 1864, p. 727). 

PORPB'STR'Sr. The porphyritic rocks of the island of Hochland, in the G\ilf of 
Finland, have been chemically examined by J. Lemberg (Arch, fur die Naturkundc 
Liv.-fEhst.-und Kurland,^ [1] iv. 172, 337; Jahresh. 1867, p. 1015); the qnartz- 
porphyrito of Monte Boccho in the Val k^'an Pellegrino, by Tscliermak ( AJxad, 
JBer. Iv. [1] 287; Jahresh. 1867, p. 1022). 

POTASSZtnvX. According to Baumhaner (J. i^r. Chem. cii. 123), tho oxidation 
of potassium on freshly-cut surfaces is attended with a faint luminosity visible in the 
dark. 

Vogel (Zeiischr. anal. Chem. vli. 221) and Landolfc (ihid. 20) have observed tlmt 
potassium carbonate volatilisc.s to a considerable extent at a strong red heat, ami 
hence loss may arise in analyticjil processo.s, such as tho valuation of tarbir by igiiil iou 
and titration of tho r(\sidiic, or in determining the quantity of ash yielded by plants, 
especially those which, like beet and sugar-Ciine, yield ashes consisting mainly of 
potassium c^irbonato. 

For tho propamtion of pure caustic potash (or soda), Graeger (J. pr. Chem. xevi. 
188) first heats tho solution of the alkaline carbonate with silver carbonate to remove 
chlorine, and then renders it caustic by means of burnt marble. The filtration ot the 
caustic solution may bo conveniently etfecU'd througli pounded marble, freed from tho 
finest dust by washing with water. 

Potassiiuni Iodide. — On the preparation of this salt, see Fuchs (Dingl. pol. J, clxxx. 
251 ; Jahresh. 1865, p. 162; also Mich. Pettonkofer, Toga. Anii. cxxviii. 4.09; JahreJ. 
1866, p. 152). On cerhiin of its proi)orties : Payen (Compt. rend. Ixi. 466 ; Jalin J. 
1866, p. 162). 

SxtLPillDES. — According to Schdno (Togg. Ann. cxxxi. 380), the only definito 
sulphides of potassium that can bo obtained in tho dry way are tho mono-, di-, ti-i-, 
and pontasnlphido. The other polysulphides described by Berzelius appear to be 
merely mixtures, and the foiTiiation of one or tho other sulphide depends in gciiorid, 
not so much on tho use of particular reagents, or on tho mode of preparation, as on 
the temperature. When potas.siiiin monosulphido or carbonate is fuscjl with excess ot 
sulphur in a porcelain crucible, and the heat continued at a uniform temperature till 
the weight becomes constant, the product formed at the lowest possible temperaturo 
(not above 600°) is the pontasnlphido, at a dull red heat (up to 800°) the tetrasulphido, 
at a bright red heat (to 900°) tho trisulpliif|o. If tho alkaline carbonate, instead ot 
tho sulphur, be used in excess, trisulpbido is formed also at the lowest of tho ahovo 
temperatures. By passing vapour of carbon bisulphide over red-hot potassium 
sulphate, Schone obtained, not the tctnisulpbide which is said by Berzelius to bo 
formed under these circumstances, but lower compounds, approximating in composition 
to K^S^ When vapour of carbon bisulphide is passed over fused potassium carbonate, 
the sulphocarbonato is formed iu the first instance, according to the equation ; 

2K2CO> + 3CS2 = 3C02 + 2K2CS»; 

and this at a higher temperature is resolved into a mixture of carbon and trisulpliidr: 
2K*CS® = C* -f 2K*S’. In tho wet way tho following compounds wore obtained : 

The monosidphide crystallises from a solution of potash half saturated with hydrogen 
sulphide and evaporated in a vacuum, in deliquescent, four-sided prisms modified by 
truncations and sometimes tabular. The composition of these crystals, which are 
formed mest readily at low temperatures, corresponds to the formula K^S . 

K'-'H^SO . 4H^O ; they appear to be identical with the compound designated >y 
Berzelius as crystallised sulphydrate (GmelirCs Handbook f\\\, 31). In a vacmirri nr 
when heated to 150°, they leave the hydrate 2H'0 ; at a higher temperature they 
appear to give up all their water without los.s of hydrogen sulphide. . 

Hydrated Potassiumi Stdphydrate^ 2KHS.H^O, separates from a solution 
saturated with hydrogen sulphide, by evaporation in a vacuum, in well-dcnn * 
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colourless, transparent rhombohedrons, with shining surfaces. They are deliquescent, 
do,^t alter in a ’V'ucuum, or when heated to about 170°, but give off their water of 
crysballis^ition between 175° and 200°, retaining their form but losing their trans- 
parelcy. The anhydrous sulphydrato melts at a dull red lioat to a very mobile yellowish 
liquid, which. gradually becomes darker, and solidities on cooling to a flesh-eoloured 
cake having a crystalline structure. The solutions of iho sulphydnitc have an alkaline 
roivction, and mvo up half their sulphydric acid with toUu’able facility when boiled. 
The solution ot the monosulpliido, even when it contains free alkali, is likewise slowly 
decomposed at the boiling liojit, and appears iiUimately to leave pure potassium 
hydrate, according to the equation : K-ll“St) + 11-0 = Il-S -h 2KI10. 

Tlie were obt^ii nod by boiling the solntitajs of the monosulpliido or 

sulphydmte with the calculated quantity of sulpliur in vessels from which air was 
excluded. — The ieirasulphide crystjilliscs by evaporation in a vacuum in thin orange- 
red laminae conbiiiiing K-S^. 211-0, very hygroscopic, easily soluble in waiter, less 
soluble in alcohol. When lioatod, they first molt in their water of crysttillisation, 
afterwards give it olf, finally also hydrogen siilphi<le and sulphur, and leave a fused 
brown residue. The hydrate K^S*.ttJl-0 separates as a brownish oil on adding 
alcohol of 90 p. c. to a concentrated solution of the tetrasulphide or pontasul])hide, in 
the latter case with separation of sulphur, which is taken up by the sulphide remaining 
in the alcoholic solution. The oil just montioned yields, in contact with absolute 
alcohol, prismatic crystals appai'cntly consisting of the preceding hydrate. The 
‘pentasulphidc was not obtaiiio<i in the solid state. Sclidiio finds that its solution is 
decomposed by prolonged boiling, with formation of hydrogen sulphide and potas- 
sium liyposulphite, probably according to the equation K'-’S* Sll’-'O = 3I1-S + 
K‘.S-0\ and that at the boiling heat it still takes up sulphur, which separates on cooling 
ill microscopic octohedrons soluble in carbon bisulphide. 

PSOPikKri:, C^IP. Propr/l Hydride. — This hydrocarbon, tlio third memhor of 
the marsh-gas or paraffin scries, is gaseous in the free state at ordinary tompomturos, 
and occurs among the gases evolved from the petroleum springs of North America 
(Ronalds, Chem, Soc. J. [‘2J iii. 529. Lofevre, Zeitschr. f. Chon. [2] v. 185, Fouqu5, 
ihid. 304). It is formed : 1. By tlio action of fuming hydriodic acid on several liydro- 
carbons or their derivatives (BcrLhelot, Jahresh. l8o7, pp- «344> 31(3): 


CHPI 

lodopro- 
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Phenol heated with hy<lriodic aci»l is reduced to benzene, which is then further 
converted into propane as above. Acetone yields propane, togotlicr with ethane and 
methane (Berthelot). 

2. I'rum secondary propyl iodide by the action of zinc and dilute hyrdro^loric 
acid ; 

CW CIl> 

CHI + = III -f CU* 

CH» CTH. 

Propane prepared by the last process may bo purified by washing it successi'rcly 
with fuming sulphuric acid, with a mixture of sulphuric and nitric acid, and witn 
B')da-ley. If it be then collected over a strong solution of cfjmmon salt, mixe<l with 
chlorine not in excess, and exposed to diffused daylight, an oily liquid is obtained 
containing a mixture of chlorinated derivalive.s of X)roi)ano, wdiicli may bo se^iaratod 
by fnictional distillation. The lowest fraction, boiling at 4 2°-46°, consists of 
normal propyl chloride, CH’— CH^— CIHCl. On heating this liquid to 200° 
for several hours with jxjtassium acetate and ghicial acetic acid, and decomposing the 
resulting acetic ether with pf^tash-ley in scaled tubes at 120°, normal propjyl 

alcohol, C1I» CH^ — CI1K)H, is oUainotl, which when oxidised by chromic acid, 

yields nothing but prop i o n i c aci d. The propyl alcohol may bo isohitefl by treating 
the alcoholic distillate obtained by the action of jx^lash on the acetate, with potassium 
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carbonate, whereupon a light oily liquid rises to the surface ; and this, wh^ deby^ralmi 
with potassium carbonate and anhydrous baryta boils between 80° and 9lli^ andl&ay 
be separated by fractional distillation into a portion boiling between 80^ and 86° 
and another between 92° and 90°. The latter is the normal propyl alcohol ; the former 
appears to be an acetal, The series of reactions above described affords a 

general method of converting a secondary alcohol into the normal primary alcohol. 

The chief product of the action of chlorine on propane is ordinary propylene 
chloride, C®H®CP, boiling between 94° and 98°. This chloride may be converted 
in the usual way into a glycol, yielding by oxidation carbonic and acetic acids, and 
therefore having the constitution of the already known propylene glycol, 
CH® — CHOH — CH*OH. It appears from these experiments that propane reacts 
with chlorine differently from ethane ; for the latter is thereby converted into ethyli- 
dene chloride, CH* — CHOP, in which both atoms of chlorine are attached to the same 
carbon-atom, whereas in propane the two hydrogen-atoms which are replaced hy 
chlorine belong to different atoms of carbon (Schorlemmer, Proc, Roy, Soc. xvii, 
372; Ann. Ck. Pharm. cl. 159). 

The product of the action of chlorine on propane likewise contains more highly 
chlorinated compounds boiling between 100° and 200°. The latter are obtained in 
greater quantity by exposing the portion of liquid which boils above 80° to the further 
action of chlorine in direct sunshine for several days. The product is a liquid boiling 
between 120° and 200°, which by fractional distillation yields trichlorhydrin or 
trichloro pro pane, C^H^CP, boiling between 150° and 160°. This liquid heated 
with dry potassium hydrate yields glycidic dichloride, C^H^CP, which unites 
directly with bromine, forming the compound C^H^CPBr^. Hence it appears that 
propane and ethane differ also in the nature of their third chlorinated derivatives, 
propane yielding trichlorhydrin, the structure of which is most probably represented 
by the formula CH*C1 — CHCl — CH^Cl, whereas ethane yields the compound 
CH* — CCP. It is further to be observed that tlio substitution-products of primary 
propyl chloride are identical with those of the secondary chloride ; for, as LinnemanQ 
has shown (Ann. Ch. Pharm. cxxxvi. 48 ; cxxxix. 17), when chlorine is passed into 
secondary propyl iodide (v. 891), secondary propyl chloride is first formed, then probably 
prt^ylene dichloride, and finally trichlorhydrin. 

Tcirachloropropane, C*H^CP, is obtained by exposing the liquid from which the 
trichlorhydrin has separated, to sunshine for several days, and then distilling. The 
product boils between 200° and 250°, and the portion distilling between 200° and 
205° solidifies in the receiver to a crystalline mass of tetrachloropropane, which may he 
freed from an adhering oily chloride by pre.ssure between paper, and obtained in 
stellate groups of small needles by recrystallisation from a hot-saturated alcoholic 
solution. It smells strongly like camphor, vohitilises somewhat quickly when exposed 
to the air, melts when heated in a test-tube, and sublimes very rapidly ; in a sealed 
capillary tube it melts at 177° to 178°, and resolidifies completely at 176° to 175°. 

HexchloropropanCj C’H^Cl* is slowly produced by the action of chlorine in the 
brightest sunshine, and in presence of iodine, on the portion of the above-mentioned 
distillate which boils between 205° and 250°. It is a colourless liquid, smelling like 
GftX^phor, and boiling without decomposition at 250°. It does not appear possible to 
replace more than six of the hydrogen-atoms of propane by chlorine (Schorlemmer, 
JVioc. Roy,*Boc. xviii. 29 ; Ann. Ch. Phys. clii. 159). 

VKOVASonzC aTRBX. C>H»0 = p^2”|o(Liobormann,^«». CA-PAarm. 

cxxxv. 266 ; Jakresh. 1865, p. 496). — Produced by the action of potassium ethylate 
on bromallylene ; C’H*Br -t- = HBr + C’H^.C’^H^.O ; more readily 

b^ the prolonged action of boiling alcoholic potash on tribromallyl, C®H“Br’. The 
distillate, freed from a brominated oil by washing with water, yields with ammoniacal 

silver-solution a white bulky precipitate of argentoj^oparyylic ether ^ ^ 

728), which when treated with acids yields propargylic ether. This ether is a liquid 
havii^ an offensive odour, boiling at 72°, forming a white precipitate with silver 
solution, yellow with ammoniacal cupric chloride. The silver-compound resembles 
that of ^lyene, but has a stronger odour and is amorphous ; melts and detonat^ 
when heated, leaving a pyrophoric mass ; and forms a silver-speculum when boiled 
with water. Mixed with a solution of iodine in potassium iodide, as long as decolora- 
tion ensues, and then distilled, it rields a transparent, colourless, fetid oil consisting 

of iodopropargylic ether, The silver-compound mixed with a large excess 

of iodine in ethereal solution forms a viscid yellowish oil, which gives off 
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iodip^ heated. lodopropargylic other unites with bromine^ fonninpf the yellowish 
oi^ ho^ ^ \ 

Ptdpfti^lic ether may also be prepared by boiling trichlorhydnn with 3 pta. of 
potassium jhydrate and a large quantity of alcohol. The alcoholic distillate yields 
wth silver nitrate p dazzling white crystalline precipitate of the silver-compound 
C*H*Ag.C*H*.0, from which propargvlic ether is easily obtained by the action of 
nitric Acid, less easily by treatment with excess of potash, a pungent silver-blackening 
substance being then likewise formed, probably acrolein (Baeyer, Ann, Ch. Pharm. 
cxxxviii. 196). 

By treating tribromallyl with a solution of potash in methyl alcohol, and the 
distillate with ammoniacal silver nitrate, the silver-derivative of methyl-propargylio 

ether ^ obtained, as a lemon-yellow gelatinous precipitate, from which, 

by the action of iodine dissolved in potiissium iodide, the compound 

obtained, as an oil which solidifles in needles at about 12° (Liebormann). See further, 
Liebermanii a. Kretschmer (Ann. Ch. Pharm. clviii. 230 ; Chem. Soc. J. [2] ix. 527). 

PJtOPZO]>Zil.C£TAMXBS, C’n‘^N*0» = N^(C’'H‘‘0)(C*H>0)*H* or 

N(C*I1*0)(C''1I^0)H.N(C-H*0)1I*, is formed by heating propionitrilo and acetic acid 
in molecular proportions to 200° for a few hours (Gautier, p. 626). 

PROPZOXrS. C*1I*‘*0 = CO(C*Il*)*. — This ketone is formed by the oxidation 
of diethoxalic acid with potassium dichromato and sulpliuric acid; 

+ O = CO* + IPO + C*II*®0. 

It may be prepared by decomposing ethyl diethoxalate with potash, and, after distilling 
off tlio alcohol, treating the crude potassium diethoxalate with the oxidising mixture 
(Chapman a. Smith, C?iem. Soc. J. [2] v. 173 ; Jahresh. 1867, p. 453). It is also 
produceil, together with ethylcrotonic acid, by heating ethyl diethoxalate with fuming 
hydrochloric acid to 150° for several hours (Geuthcr, Jahresh, 1867, p. 466): 

8C«H“(C‘IP)0* + 8IIC1 -h H*0 =» 3CGl'®0 + 2C*n'®0* + SC'GPCl + 

Ethyl diethoxalate, Propionc. Ethyl -crotonio Ethyl 

acid. chloride. 

8C*II«0 -I- 6CO*. 

Alcohol. 

I'he propionc obtained by either of tlieso processes is identical in properties with that 
obtained by the methods of Morley, Freund, and Wanklyn (iv. 729).— Propione, 
doubtless also identical with this, is formed by heating 1 pt. of bromamylene with 
3 4 pts. mercuric oxide, 4 pts, glacial acetic acid, and sufficient water to ensure the 
solution of the mercuric oxide when lioated. On distilling off about one-fourth of the 
prrxluct, neutralising the distillate witli potash, again distilling off the most volatale 
jx>rtion, and mixing this distillate with water, a ketone, C*H'®0, is obtained, which 
boils between 90° and 100°, and does not unite with acid sulphites of alkali-mctftl 
(Linncmann, Zeitschr. f. Chem. [2] iv. 57). s 

Isomeric with propione, and capable of uniting with alkaline bistUphites, &Ta 
methyl-propyl ketone, boiling at 101° ; methyl -isopropyl ketone, boiling at 
(p. 768); ethyl-propyl aldehyde (b. p. 110°), from butyracetic acid (Limpricht a. 
von Uslar, Jahresh. 1865, p. 609); methyl-butynil (b. p. 110°), from calcium butyrate 
(Friedol, ibid. 1868, p. 295) ; and valoraldehydo (b. p. 101°). ‘ 

raopzowzc ACZB. C»H®0* = CGPO.OH « CH*— CH*— COOH.— This 
acid is formed : By reduction of iodopropionic acid with sodium-amalgam (Molden- 
hauer, Jahresh. 1864, p. 370) ; by heating methyl-crotonic acid with potash (Frank* 
land a. Duppa, p. 829) ; and by heating argyraescin (from horse-chestnut bark) with 
potash (Ilochleder, p. 69) : 

+ 2HKO = C*H®KO* + C*<H»®KO** 

Argyrsescin. Propionate. iEsclnate. 

It is also found amongst the products of the dry distillation of wood (Anderson, 
Chem, JSews^ xiv. 267. Bnrr6, Zteitschr. f. Chem. [2] v. 446), 

Aeekyl-propionio Acid. C*n*0* = C*IP(C*H*0)0* — The ethylic ether of 
an acid having this composition is produced by the action of ethyl chloracetate' on 
the product of the action of sodium on ethyl acetate, and this ether boiled with 
cauatjc soda yields the corresponding sodium salt, C*H’0*Na. The gino salt,. 
(C*H*0*)*Zn, and the calcium salt, (C*il^O*)Ca, cxystallise in colourless nacreous 
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laminse; the suber salt, CWO^Ag, is slightly soluble in water (Noeldecke 
/ Chem. [3] iv. 681). 

Srosaoproplonlc Acid. C^IPBrO^ (see ir. 733). — Dibromopropionio acid 
C^BWr^O^, is formed by direct addition of 1 mol. bromine to acrylic acid, C^H^O* in 
aqueous solution ; it may be crystallised by very slow evaporation, but becomes 
resinous by keeping, and gives off hydrobromic acid. The bromine is only partiallv 
removed from it by boiling with baryU-water, and not completely even by silver 
oxide till after prolonged action (Wichelhaus, Jahresb. 1867, p. 403). 

Cbloroproplonlc Acid. C^IT'CIO* (Wichelhaus, Ann. Ch. Pharm. cixiii, i ■ 
cxliv. 351 ; Jahresb. 1867, p. 399).~Thi6 acid exists in two modifications, the one (a.) 
produced by the action of water on lactyl chloride, C^H^OCP, or chloropropionyl 
chloride, C^H^CIO . Cl, the other (^) by the action of phosphorus pontachlorido on 
glyceric acid. 

a dihloropropiomc acid was first obtained by Ulrich (iv. 733), but not in the puro 
sbito. Buchanan (Zdtschr. f. Ohem. [2] iv. 523) prepares it by distilling calcium 
lactate with 2 mol. PCB, rectifying the product twice, collecting each time only the 
portion which boils above 111®, and mixing the resulting solution of lactyl chloride in 
phosphorus oxychloride with an equcil quantity of water in a vessel cooled with 
water (not with ice). On subsequent distillation, the liquid separates into two layers, 
the upper of which distils over completely at 186®, and on siibsoquout rectification 
yields pure chloropropioiiic acid. Puro lactyl chloride free from phosphorus oxy- 
chloride is not completely decomposed by water, oven after several hours’ boiling. 

^ Chloropropioiiic acid is prepared by treating a salt of glyceric acid with 3 mo), 
phosphorus pentaclilorido ; distilling off the greater part of the phosphorus oxy- 
chloride (chloropropionyl chloride remaining in the residue) ; then connecting the 
retort with an upright condenser; gradually pouring in absolute alcohol ; filtering off 
the separated phosphate; leaving the alcoholic filtrate to itself for 24 hours; and then 
mixing it with common salt, which throws down ethyl cliloropropiomite. Tliis ether 
is freed from phosphoric ctlier by washing with water, rectified after drying, and 
decomposed by baryta-water ; and the acid separated from the aqueous solution of 
tho_ resulting barium salt by sulphuric acid, is dissolved by agitation with ether 
(Wichelhaus). 

The difference of constitution bctw'een the two isomeric acids may bo ropresontod 
by the following formulae ; 


CH3 

CH^Cl 

1 

j 

CHCl 

1 

CH* 

1 

COOH 

1 

COOH 

Chloropropionic. 

S Chloropropionic. 


a Chloropropionic acid is a colourless transparent liquid, having a fiiint odour of 
acetic and butyric acids, and a sharp taste. It blisters the skin, mixes in all 
proportions with water, alcohol, and ether, boils at 186®, has a sp. gr. of 1*28 at 0°, 
and expands strongly by heat. It remains liquid at the temperature of a mixture of 
ice and salt (Buchanan). It forms a liquid chloride; its ethylic ether boils at 
144®, It is easily decomposed by silver oxide, with formation of lactic acid; its 
barium salt is also decomposed when its solution is evaporated over the water- bath. 
Boiled with excess of silver oxide, it forms acetic and probably also formic acid 
(Wichelhaus). 

iS Chloropropionic acid forms fibrous tufts of crystals, smelling like creosote, 
melting and volatilising at 65®. Its chloride is crystalline. The ethylic ether 
boils at 150°-I60®. The barium salt separates from its solution by evaporation 
over the water-bath in shining scales and laminae. The acid is but slowly decom- 
posed by silver oxide ; when heated with excess of the oxide, it throws down metallic 
silver and forms carbacetoxylic acid, C®iI^O^, isomeric with malonic acid, but mono- 
basic : 

C^H^^CIO^ + 3Ag20 = + AgCl + 2Ag« + mo. 

The boiling point of a chloropropionic acid is the same as that of chloracetic acid : 
hence it cannot bo homologous with the latter ; the true homologue of chloracetic acid, 
CH’^Cl — CO OH, is chloropropionic acid, CH^Cl — CH- — COOH. 

Zodopropiontc Acid. C’HHO^.—TIiere are two modifications of this acid, 
corresponding with those of chlompropionic acid, viz. the a acid obtained from lactic, 
and the $ acid from glyceric acid. 

a lodapropionw is prepared by digesting syrupy lactic acid with 1 moL 
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phosphorus di-iodide, pouring the mixture at the termination of the reaction into water, 
agitating with other, and ovajx>ratiug the ethereal solution. The acid then roraaiiia 
in the form of an oil nearly insoluble in water, wlioreaa $ iodopropionic acid, obtained 
by the action of hydriodic acid or of phosphorus iodide on glyceric acid (iv. 733), 
crystallises easily and well (Wichelhaus, /oc. cif.). 

0 Iodopropionic acid boiled with silver oxido not in excess, yields a silver salt, 
convertible by double decomposition into a zinc salt, having the composition 
(C®H*0®)^Zn, and the properties of ordinary zinc lacbite ; but the mother-liquor after 
a while deposits crusts easily soluble in water and in alcohol, and having nearly the 
composition of the zinc salt of paralactic or samdactic acid. Wichelhaus regards 
the latter as the primary product of the transformation of /3 iodopropionic acid, and 
supposes that it is afterwards converted into ordinary lactic acid by prolonged boiling 
with the silver oxido ; ho thence infers that a chloro- and a iodo-propionic acid are 
analogous in constitution to onlinary lactic acid ; ^ chloro- and iodopropionic acid to 
paralactic acid : 

cip— cni— co-ii cHT-(nr'--coai 

a Iodopropionic. /3 Iodopropionic. 


cn^— cjj(OH)-co-u 

Lactic. 


CIP(OII)— CIP— CO^H 

Paralactic. 


Wislicenus {Zeitsekr. /. Chem. [2] iv. G83) also finds that i9 iodopropionic acid boiled 
with recently precipitated silver oxido, yields lactic acid, and is of opinion that the 
acid C'-^IP'-'O’*, called hydracnjlic acid, which Boilstcin obbiined from j8 iodopropionic 
acid by the same process, was in all probability nothing but lactic acid. 

SocolofF, oil tho other hand {dnd. v. 423), has obUiiucd by similar moans an acid, 
some of tho salts of which differ in character from those of either of the 
known lactic acids, and from those of tho isomeric mothyl-glycollic acid. This acid 
lie designates as giyccraldchydic acid, regarding it as tho aldehyde of glyceric acid, 
Beilstein’s hydraerylic acid ho regards as an anhydride of this acid. (See Lactic 
Acid, p. 770.) 

jS Iodopropionic acid hoatod with excess of metallic silver is converted into adipic 
acid, (Wislicenus, ibid. G80): 

2(Cn‘T-CH--CO'dI) + Ag^ = 2AgI -t- [00-11 -(Cir^^-CO^H]. 

Plienyl-proplonio Acid. = ClIXOlPO').— Syii. with IIydiiocinnamio 

Acin. See Cinnamic Acid (p. 468). Under Uic same head are also described tho 
chlorine, bromine, and iodine derivatives of phonyl-propionic acid, also ol oxyphonyl- 
propionic or phenyl lactic acid, 

WitropUenyl-propionlc acid, CHXN0‘-*)0= = Clt* | is formed by 

treating hydrocinuamic acid with fuming nitric acid in a cooled vessel ; when purified 
by separation from its sodium salt and recrystal lisalion from hot water, it forms 
feathery groups of faintly yellow crystals, very slightly soluble in cold, more easily in 
Warm water, moderately soluble in alcohol ancl other. It softens when heated, melta, 
completely at 163°, and solidifies to a ridio-crystalline mass on cooling. Its salts are 
for the most part easily soluble and difficult to crystallise ; the le.ad and silver salts 
are yellowish precipitates. Tho acid oxidised with chromic acid mixture is converted 
into paranitrobenzoic acid ; hence it b£4ongs to tho para series. , 

\ NIP 

Amidophenylpropionic acid, C®II*(NIP)0''' *= C*H* j ^ 3 jjsq 2 , is formed, together with 

hydrocarbostyrol (p. 715), by treating the nitro-acid with tin and hydrochloric acid, 
and remains in the mother-liquor after tho hydrocarbostyrol has been separated. It 
crystallises in groups of quadratic prisms, molting at 131° and decomposing at higher 
temperatures. It unites both with bases and with acids ; but tho salts which it forme 
with bases are unstable and difficult to crystallise. Its combinations with acids, on tho 
other hand, crystallise well: the hydrochloride, C®H‘'N0*.HC1, in groups of four- 
sided prisms ; the sulphate, 2C•1I‘’N0*.H*S0^ from water, in Urge nodular groups 
from alcohol it is precipitated by ether in silky needles ; tho nitrate separates from 
solution in warm dilute nitric acid in fine crystsils, 

(NzrNCl 

Chloride of HUizophcnylpropionic acid, C*H ‘N'^O^Cl « C*H* | (js jjsqs i produced 

by passing nitrous acid vapour to saturation into a solution of dry hydrochloride of 
amidophonylpK^ionic acid in absolute alcohol, nn<l crystallises in four-sided needles 
which detonate when heated. Their aqueous solution when warmed gives off lai;g^ 

Sup, '6 Q, 
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quantities of nitrogen, and the remaining liquid contains P'^ox^^phenylpropioni 
identical with hydroparacoumaric acid (p. 716); 

cm^N^o^ci + H^o « cm^(HO)o^ + uci + n^. 


Paradromo^Jienyl-j}roj:>iomc acid^ C^H^BrO'^, produced by the action of bromine 
hydrocinnamic acid (p, 468), is converted by oxidation into parabromobenzoic acid 

Menyl-proplollo .Acid. (Glaser, Zeitschr,/. Chem, [2] iv. 32 $).— This 

acid, related to phenyl -propionic acid in the same manner as stearolic to stearic acid 
is produced by the action of sodium and carbon dioxide on monobromociniiamene • 
also by abstraction of HBr from a-bromocinnamicacid, by means of alcoholic 

potash, (^-bromocinnamic acid treated in this manner yields an oily acid, p. 468.) 
It c^stallises from water or from carbon bisulphide *in long white silky needU-s 
melting at 136°-137°, and subliming at the .same tempei’ature in slender needks. 
Under water it melts at 80^^ to a colourless oil, which tliss(dves on further heating 
The acid dissolves easily in ether, and still more in alcohol. The barium m(t, 
(C®HW)2Ba, crystallises by slow evaporation in square tables containing 1 mol. ; 
by evaporation over sulphuric acid in needles containing 21120 ; and from a solution 
cooled to a low temperature, in tufts of needles containing SH'^O, By boiling either 
of these hydrates with absolute alcohol, the anhydrous salt is obbiined as a pulp of 
needle-shaped crystals. The anhydrous salt begins to decompose at 115®, and nt 
higher temperatures gives off a yellowish oil (acobmyl-bonzene ?). The potassium sa/t, 
C®H*02K, is a crystalline powder very soluble in water. The silver salt, C^U^ObVg, 
is a very sparingly soluble precipitate ; the lead salt, a wliito amorphous precipitate; 
the copper salt, a blue precipitate consisting of small laminae ; with ferric chloride a 
yellow precipitate is obtained. 

The relations between phenyl-propionic, cinnamic, and phenyl-propiolic acids are 
exhibited by the following formulse : 


C6H» 

c«n* 

c»n' 

j 

CH* 

ill 

1 

c 

in* 

j 

II 

IN 

c 

CTI 

C02H 

1 

CO*!! 

I 

CO^H 

Phenyl- 

Cinnamic. 

Phenyl- 

propiolic. 

propionic. 



being similar to those between ethane, ethylene, and ctliiiio or acetylene: 


cm 

CH* 

CH 

I 

11 

III 

CH* 

CH* 

CH 

Ethane. 

Ethylene. 

Ethine. 


P&OPZOWXG AXiOfiKTOE. C^H^O = C2H^ COH.^Rossi (Compt. rend. 
Ixx. 129) has obtained this compound by the dry distillation of a mixture of the calcium 
salts.of formic and propionic acids (the latter prepared from ethyl cyanide). The 
distillate, after drying with calcium chloride, yielded by fractional distillation, f of its 
weight of pure propionic aldehyde,* a small quantity of butyric aldehyde, and a liquid 
boiling at 80®-100®, which apparently was not an aldehyde. Propionic aldehyde is a 
clear mobile liquid, having a pungent odour, boiling at 49 5® under a pressure of 7*40 mm., 
and having a sp. of 0’8047 at 0®. According to Pierre a. Puchot, propionic aldehyde 
prepared by oxidation of normal propyl alcohol boils at 46®, and has a sp. gr- of 
.0*8329 at 0®, 0*8201 at 9*7®, and 0*7906 at 32*6®. Propionic aldehyde dissolves iu 
water, but not in all proportions. It oxidises readily in the air, reduces ammoniacnl 
silver solution, dissolves in acid sodium sulphite, but without separation of crystals, 
and is decomposed by heating with potash. By the action of water and sodium-amalgam 
it is reduced to normal propyl alcohol (Rossi). 

EROPZOSriTftXXiEa See Ethyi. Cyanide, under Cyanides (p. 624). 

BROUZIEE. C’H^OBr.- - Produced by gradually adding 2 mol. 
PBr* to 3 mol. propionic acid in a cooled retort, and subsequently distilling. When 


f. f The ^tement of Siersch (Ann. Ch. Phnrm. cxlii. 115 ) that propionic aldehyde is not formed by 
t^ re^tlon, and consequently that the method cannot be employed for tiie synthetic production of 
the prlmaiy alcohols, is therefore disproved. j 
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purified by repeated r^ifi^tion, it is a fuming liquid having a peculiar odmir 
resembling that of acetic acid, and also that of salted meat. Sp.gr. 1465 at 14 ®. 
Boiling point 90®-98°. With water it becomes hot and is converted into propionic and 
hydrobromic acid (Sestini, Bull, Soc, Chim. [2] xi. 468). 

Mopzoinrxi zox>zi>s. c^n^oi. — Obtained by adding 19'6 pta. iodine by small 
portions to a mixture of IM pts. propionic acid and 16 pt. dry phosphorus, cooling 
and agitating, then distilling, rectifying over phosphorus, and finally decolorising the 
distillate by agitation with mercury. It boils between 127® and 128 ^ sinks in water, 
and is immediately decomposed thereby (Sestini, loc, cit.). 

PltOPV& JLXiCOBOZfS and ETHZlXtS. 1. Normal Propf/l Alcohol^ 
Qjps. _GH* — was first obtained, though not quite pure, by Chancel in 1863, 
from the fusel-oil of the residues left in the distillation of brandy from wine *. ho 
found it to boil at 96® to 97° (about 19® higher than etbyl-alcobol). Chancel has 
lately subjected propyl alcohol obfaiiaul from the same source to further examination 
(^Compi. rend. Ixvdii. 669, 726); ho now finds that it boils at 97°-100®, but that a 
very small quantity of w'atcr lowers the boiling point considerably. Sp. gr. 0’813 at 
13® (water at 4® = 1). It forms a hydrate, boiling consUiiilly at 87*6° 

(u 7 iib‘r a pressure of 738 mm.), l)Ul decumposod by potassium carbonate. Tlio alcohol 
i.s insoluble in cold concentrated st)luti<>n of calcium chloride, and turns the piano of 
jtolarisalion to tlie loft; [a] = —5®. By oxidal ion with chromic acid, it is almost 
wliolly converted into propionic acid ; if the quantity of the oxidising agent is com- 
paratively small, propionic aldehyde, C^^IlH), is likewise furnie<l, Pierre a. Puebot 
{^Cornpd. Ixvi. 30*2) by distilling fermented beet-molasses, obt4iincd, towards the end of 
the distillation, a mixture of amyl, butyl, and propyl aleoliols. The propyl alcohol 
si'jiarated therefrom by fractioniil distillation boils at 98*5®, and is therefore also 
normal pr<')pyl alcohol. It lias a sp, gr. of 0’820® at 0®, 0‘812 /it 10*3®, 0*780 at 51*1®, 
and 0*7*19 at 840°. The propyl iodide obtR.ino<l from it boils at 104*5°, the acetate at 
105°. Pittig, Kduig, a. I:^cbafier {Zdtschr. f. Chem. [2] iv. 44) have demonstr/ited the 
existoiico of the same alcohol in a commercial formcnbition-product designated as 
propylic Jilcohol ami containing also amylic .and othylic /ilcohols. This liquid treated 
with bromine and phospliorus yieblod a mixture of bromides from wliicb, V/y fractiona- 
tion, propyl bromide w/is obtained boiling /it 71 ° t4> 71 *5°. This therefore is normal 
propyl bromide, for its boiling point difiers from tluit of ethyl bromide by the samo 
/unouBt (29®) as that of ethyl bromide (42®) diffors from tb/it of methyl bromide (13®). 
Hence the alcohol in question is normal propyl /ilcobol. (’luipman a. Smith 
{Clwm. Soc. J, [2] vii. 198) also, by snbj/rtirig the mixture of /ilcoliolic brumidos prr - 
IMired from a fusel-oil of unknown origin f,o Iractional distilhition, ol/biincfl a propyl 
bromide boiling .at 70 3® to 70*8®, /ind tuiving a sp. gr. of 1*3532 at 26®. This bromide 
wjis converted into tlio corresponding acetate by trc.*i1ment with potassium acetate and 
glaciiil acetic acid, and tlie acoL/it(! into the alcohol by healing it in /i sealed tube with 
strong aqueous ammonia : the contents of the tid^o wtu'c neutralised with /icetic acid 
and distilled, and the alcoliol separated from the distill/ito by pc/tassium carbonate, 
'i’his alcohol boiled at 97°-98®, had a sp. gr. of 0*8120 .at 16®, und yielded propidnics 
acid by oxidation. The iodide, C“IFI, obtained from it b}* treatment with liydriodic 
Jicid boiled at 102®-103°, and -h: id a sp, gr, of 1*7343 at IG®. 

Schorlemmer, as /ilready observed (p. 957), has obtained normal propyl alcohol 
from propane prepared by the action of zinc and hydrochloric acid on is</propyl iodide ; 
this affords the means of couA'crting isopropyl cf»mpounds into normal propyl com- 
pounds ; the alcohol thus obtained (not quite pure) boiled at about 96°. , 

Linnemann {Ann. Ch. Pharm. cxlviii. 251) has prep/ired normal propyl alcohol from 
ethyl alcohol in the samo manner as he formerly obtained ethyl alcohol from methyl 
alcohol, namely by converting it first intx) ethyl cyanide or propionitrile, then succes- 
sively into propionic acid, pr5pionyl chloride, and propionic anhydride (by beating the 
chloride with sodium propionate), and treating the anhydride with sod iurn -amalgam iu 
the same manner as in the p/reparation of ethyl alcohol from acetic anhydride (p. 592). 
The propyl alcohol thus obtained boiled between 84® .'ind 91°, and was therefore not 
quito pure. By oxidation with chromic acid it yielded propionic acid. 

Lastly, Rossi {Compt. rend. Ixx. 129; Zeifarhr. f. Chem. [2] vi. 141) has obtained 
normal propyl alcohol by the action of nascent liydrogen on propionic aldehyde 
prepared from ethyl alcohol as already described (p. 962). The aldehyde was 
dissolved in 15-20 times its weight of water, sf>dium-ama!gam was introducod into the 
liquid by small portions, and an equivalent quantity of sulphuric ticid added at the 
same time. As soon as the liquid ceased to reduce silver-solution, it was distilled; 
the distillate was filtered to scpimte a few dropjs of an insoluble oily substance; and 
the propyl slcohol was separated from its aqueous solution by distillation and addition 
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of potassium carbonate. The product amounted to § of the theoretical quantity. 
Propyl alcohol tlius obtained boils at 96° (bar. at 743 mm.), and has a sp. gr. of 
0’8205 at 0°. By oxidation with chromic acid it yields pure propionic acid. 

The following table exhibits the boiling points and specific gravities of the normal 
propyl alcohol and the corresponding ethers : 


Normal Propylic Alcohol and EtJic-rs, 


r 

Boiling Point 

Speciflc Gravity 

Observer 

Alcohol, C*H’On . 

. 96°-97° 

0-813 at 13® 

Chancel. j 


98-5'^ 

( 0-820 „ 0° 1 

1 0-812 „ 10®( 

Pierre a. Puchot. I 


96® 

0-8205 „ 0® 

Rossi. 


81°-91® 

— 

Linneman 11. 

Chloride, C»H^C1 . 

52® 

— 

Chancel. 


46'5® 

0-9156 at 0® 

Pierre a. Puchot. 

Bromide, C*H*Br . 

71 -0^-7 1-5® 

— 

Fittig. 


70-3°-70-8® 

1-352 at 16° 

Chapman a. Smith. 


68®-72® 

— 

Li tin email n. 


70®-71° 

1-3887 at 0® 

Rossi. 


72® • 

1-3497 „ 0® 

Pierre a. Puchot. 

Iodide, . . 

09®-101® 

1-637 „ 75-3® 

Chancel. 


102®-103® 

1-7343 „ 16® 

Cliapman a. Smith. 


102® 

1-7821 „ 0® 

Rossi. 


101-5® 

1-7102 „ 2® 

Linnomann. 

Oxide, (cm^yo . . 

10-l-25®-104*5® 

1-784 „ 0® 

Pierre a. Pucliot. 

85®-8G® 

— 

Chancel. 

Methylate, 

49®-52® 

— 

>> 

Ethylate, . 

68°-70® 

~ 

»» 

^3TT7 \ 

Amylate, • 

125®-] 30® 

— 

rr 

Formate, . 

82® 

— 



82-5®-83® 

0-9197 at 0® 

0-8977 „ 38-5 
0-836 „ 72-5 

Pierre a Puchot. 

Acetate, Qaj0[3Q|o , 

102® 

Chancel. 


103® 

0-910® at 0® 

0-8635 „ 42-5 
0-8137 „ 84-6 

Pierre a. Pucliot. 

!! 


100°-101® 

' 0-913 „ 0® 

Rossi. 

Propionate c>h»o|o 

118®-120® 

— 

Cliancel. 


124-3° 

0-903 at 0° 

0-857 „ 51-3® 

0-795 „ 100-6® j 

Pierre a. Pucliot. 

n »» 

Butyrate, | ^ • 

139®-141® 


Chancel. 


137-25° 

0-888 at 0® 

Pierre a. Pucliot. 



0 841 „ 47-25® 

0-785 „ 100-25® 

1) >> 

Valerate, QajjDQ | ^ • 

157° 

0-887 „ 0® 

>» 9f 



0 7915 „ 100-15® 


Cyanide, C'H^CN . 

163° 

0-977 „ 0° 

Rossi. 


Xsopropyi Alooliol. CH»— CHOH— CH*.— The formation of this alcohol from 
acetone, propylene, or glycerin has been already noticed (v. 889). It is also formed : 
a. By the action of nascent hydrogen on acrolein,- C*H<0, and on propylene oxide, 
C*H*0 (Linneman, Ann, Ch. Pharm, cxxxiii. 132 cxl. 178).— i3. From ethyl alcohol, 
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by converting the latter, first into ethyl cyanide or propionitrile, CH* — CH* — CN, 
then into propylamine, CH* — — CH=' — NIP, by the action of nascent hydrogen, 
and the latter into propyl alcohol by heating the aqueous solution of its nitrite (p. 63). 
This series of actions might rather bo expected to yield normal propyl alcohol, 

Cjj* CH* — CH'*’OH ; but the greater part of the alcoholic liquid obtained was found 

to boil at 83°--85°, and to yield acetone by oxidation : it was therefore isopropyl 
alcohol. A smaller portion boiled at 93°-96^, and appeared to be the same alcohol 
mixed with a small quantity of a foreign substance. The change of the propyl radicle 
from normal propyl, into isopropyl, C1I(CH=*)*, probably takes place in 

the conversion of the propionitrile into propylamine. The formation of the alcohol is 
accompanied by that of a nitrogenous substance, C^H**N*0, boiling between 200° and 
206°, having a sp. gr. of 0 924 at 14°, and slightly soluble in water (Siersch, Anf^. 
Ch. Pkariti. cxliv. 137 ; see also Ijiiinemanii, ibid. cl. 370). — y. Dichlorhydrin, 
CH*C1 — CHOH — CH'Cl, dissolved in ctluT free from alcohol, but not anhydrous, is 
converted by sodium-amalgam into isopropyl alcoliol, mixed with prcxlucts of higher 
boiling point (Buff, Zcltschr.f. Chem. [2] iv. 124).— 5. Glycolic iodhydrin, C*HH(OH), 

treated with zinc-methyl, yields tho compound ^ciPZn)'|^’ this, when heated 


with water under pressure, is converted into isopropyl alcohol (Butlorow a. Ossokin, 
p. 64). Yssel de Sclicpper a. Tak {ibid. iv. 620) have obtained isopropyl alcohol 
from tho portion of grain fusel-oil boiling at 93°-98°, by boiling it with potash in k 
flask with upright condenser and distillate. Tho distillate tlehydrated with sodium 
carbonate yielded a propyl alcohol boiling at 83'’-84°, and convertible into an iodide 
boiling at 7 2°-91°. 

Isopropyl alcohol subjected to a series of processes exactly similar to that by which 
it is formed from ethyl alcohol, yields an alcohol, OGI'^O, probably consisting of 
isobutyl alcohol (Siersch, A7i?i. Ch. Vharm. cxlviii. 261 ; jahresh. 1868, p. 436). 

Tho haloid isopro'pyl ethers^ formed by treating tho alcohol with tho corresponding 
hydracids, exhibit the following properties : 


Jsopropyl chloride . 
,, liromide . 
„ iodide 


B«jiling point. 

3G° to 38° at 741 mm. 
60 „ 63° ,, 739 „ 
89 „ 90° „ 736 „ 


Sp. gr. 

0 874 at 10° 
1-320 „ 13° 
1-70 „ 16° 


Tho action of bromine on i.sopropyl alcohol gives rise (inasmuch as acetone and 
liydrobromic acid are formed by abstraction of water) to isopropyl bromide, pro- 
pylene bromide, and substitution-products of acetone, from which, by the action of 
potash, hr omoform maybe produco<l. Isopropyl chlorulo is but little attacked by 
chlorine or bromine. Isopropyl iodi<lo is converted, by tho action of chlorine or ol 
hydrochloric acid and potassium chlorate, into a product boiling between 00° and 170°, 
from which, by fractional distillation, trichlorhydrin, C’‘H*G1* (b. p. 164°-169° ; 
sp. gr, 1-417 at 16°), may bo separated. Bromine converts isopropyl iodide into the 
bremide. When equal volnmes of bromine and isopropyl bromide are heated with 
water to 140°-160°, monobromisopropyl bromide, C*iBBr*, is formed, together with 
further substitution-x^roducts. This compound is identical with propylene bromide, 
boils at 140°-143°, and has a sp. gr. f»f 1’964 at 150°. By silver acetate in presence 
of glachil acetic acid it is converted into x^ropylene diacotato (b. p. 180°-186°), and by 
alcoholic x)ota8li into monoljromopyleno, C*JPBr (b. x>. 6G°— 68° ; sp. gr. 1*40 at 13°). 
This last compound unites with bromine, forming the compound 0»H*Br. Br* (b. p. 
194°-196°; sp. gr. 2 390 at 10°), identical with that previously obtained by Wurtz 
{Jahresb. 1857, p, 462) and by Cahours (ibid, 1860, p. 496). Heated with silver 
acetate and glacial acetic acid to 110 °- 120 °, it is converted, as shown by tho 
equation, 

C’H^Br* + mPAirO = C*II‘Br'- + + AgBr, 

into dibromoprojiylefie^ C’H^Br^ (b. p. 127°-131°; sp. gr. 1'98 at 16°), which is 
idonticjil with allyleno bromide, inasmuch as, when treated with sodium, it gives off a 
gas exhibiting all tho properties of allyleno. 

When isopropyl bromide and water are heated with 2 mol. bromine tf> 110°- 120°, a 
colourless liquid is formed, which on distillation at 180° yields isopropyl bromido 
and propylene bromido, whilst the residue coritfiins a mixture of more highly 
brominated substitutiou-products. After prolonged standing in the cold, it deposits a 
laige quantity of cryshillised tribromisopropyl bromide^ CHlUJr* . Br, while the expressed 
oily mother-liquor contains, in tho portions boiling between 180° and 200°, 
dihromUtypropyl bromide, C*H*Br*.Br. This compmnd is converted by silver oxide 
into an easily soluble silver Siilt, an oily liquid insoluble in water, boiling above 160°, 
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and glycerin. Tribromisopropyl bromide dissolves easily in ether, chloroform, and 
benzol, sparingly in cold, more easily in boiling alcohol, from which it crystallises in 
white needles. It melts at 69'^, and is decomposed by distillation. It is very easily 
decomposed by silver oxide or acetate. It is isomeric with dibromopropylene bromide 
the bromine-compound of glycidic di hydrobromide, and allylone tetrabromide (Linne- 
mann, A^m. Ch. Pharm, cxxxvi. 37 ; Jahresh. 1865, p. 488). On the action of 
bromine on isopropyl alcohol, see also Friodel {Comp. rend. lx. 346 ; Jahresb. J8G5 
p. 491). 

Isopropyl iodide treated with zinc and hydrochloric acid is converted into propane 
(Schorlommer, p. 957). 

The following isopropylic ethers have been obtained by the action of isopropyl 
iodide on the corresponding silver salts: Impropyl NUritCf C^H’NO*^, purified by 
quickly washing it with milk of lime ami drying over fused and pulverised calcium 
nitrate (it decomposes calcium chloride), is a faintly yellow inflammable liquid STiielliti^ 
of nitrous acid. Boiling point 45° at 762 mm. Sp. gr. 0‘856 at 0°, 0*844 at 25“ 
The nitrate, washed with alkaline carbonate and dried over calcium 

chloride, forms a colourless, mobile, inflammable liquid, burning with a white feebly 
luminous ’flame, and smelling like nitric ethers in general. Its overheated vapour 
explodes with violence. Boils under ordinary pressure at 100°-102°, 8p). gr. = r();)4 
at 0°; 1*036 at 19°. Optically inactive. Ileated to 100°-110° for several days wiiJi 
excess of ammonia, it yields a mixture of mono- and di-isopropylamirie. Isopropy! 
Butyrate, CH(C1F)‘^ is a colourless, mobile liquid, having an odour some- 

what like that of butyric acid, burning with a bright flame, boiling at 128° under 
pressure of 755 mm. Sp. gr. = 0*8787 at 0° ; 0*8652 at 13°. Oidacally inactive. 

.valerate, C^II^'O’. CH(CU’*)‘, resembles the butyrate, boils at 142° under pro.ssiiro 
of 756 mm., has a sp. gr. of 0*8702 at 0°, 0-8538 at 17°. The hemoaic, 
C'lI^O^ . €H(CIP)''*, is a fragrant, somewhat viscid liquid, difficult to set on fire, but 
burns with a bright flame giving off irritating vapours. Boiling point 218° at 
762 min. Sp. gr. = 1*054 at 0° ; 1*013 at 25°. The succinate, C'll'O*. (C•'']^)^ r., 

viscid liquid having a rather agreeable odour; burns with a bright fljime, giving off 
vapours which irritate the eyes. Boiling point 228° ut 761 mm. Sp. gr. = 1*00£J at 
0°; 0*997 at 18*5° (Silva, Compt. rend. \x.\\u. 1470; Ixix. 416; Zciischr. f. Chctn. 
[2] V. 608, 638). 

Isopropyl sidphide, (C^H‘)^S, produced by heating the iodide with potassium mono- 
sulphide to 100° in alcoholic solution, is a colourless liquid, of offensive odour, boiling 
at 105°, and yielding with mercuric chloride in alcoholic solution a crystalline pu’cci- 
pitate of the compound (C^H^y-'S. HgCl-. The sidphydrate, or isopropylic mercuptaii, 
(C^H^)IIS, prepared in like manner with pobissium sulphydrate, is a colourless fetid 
liquid boiling at about 45°, and forming with mercuric oxide a white powder consisting 
of the compound (C*H’’)*HgS^, which crystallises from boiling alcohol in w'hiio 
laminae. The C^H^N. CNS, prepared in like manner with potassium 

sulpbocyanate, is a colourless liquid boiling at 149°-151°, and having a sp. gr. of 
0*963 at 20°. It does not unite with ammonia (L. Henry, Beut. chem. Ges. Bcr. I860, 
495). 

PROPirx.il.XVKXXa-x:s. Normal Propylamine, N | originally obtained 

by Mendius by hydrogenation of propionitrilo (v. 891), is also produced by the action 
of boiling potash on the mixture of propyl cyanate and cyaniirate obtained by distilling 
normal propyl iodide with silver cyanate. When purified by conversion into hydro- 
chloride, and separation therefrom by anhydrous baryta, it is a strongly alkaline liquid, 
boiling at 49°-60°, and having a sp. gr. of 0*7283 at 0°, 0-7134 at 21°. It forms with 
solutions of aluminium salts a precipitate which is soluble in excess. The platino- 
chloride, 2(C-’H®N.HCl).PtCl'‘, crystallises in orange-yellow clinorhombic prisms 
(Silva, Zeitschr. f. Chem. [2] v. 638). 

Isopropylamine, ) , is produced as a formate by the action of hydro- 

chloric acid on isopropyl carbamine. (See Ctanibes, p. 530.) On distilling the product, 
formic acid passes over and hydrochloride of isopropylamine remdins behind, Tho 
base liberated therefrom by strong potash-ley, distilled over fragments of fused potash 
into a well-cooled receiver, and dehydrated with anhydrous baryta, is a very mobiloi 
strongly ammoniacal, sweetish liquid, having a not unpleasant odour, easily soluble 
in water, boiling at 31*5°-32*5°. The hydrochloride is very deliquescent, soluble in 
absolute alcohol, crystallises when evaporated in a vacuum in cubes (the norma 
hydrochloride forms square plates, v. 891), melts at 139-5°, undergoes partial dissocia- 
tion in a vacuum at 150°, and is partly converted by prolonged heating to 100° into 
a non-crystallisable rose-coloured liquid. The platinocldoride crystallises in golden- 
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yellow laminae or flattened needles, moderately soluble in water, somewhat soluble itt 
a mixture of equal volumes of alcohol and ether (Gautier, Comjpt, rend, Ixvii. 723). 

Isopropylamine is also produced, together with di-isopropylamine, by^ distilling 
crude isopropyl cyanide (from isopropyl iodide and potassium cyanide) with hydro- 
chloric acid. The two bases liberated fix)m tlio resulting mixture of hydrochlorides 
(which is free from sal-ammoniac) are easily separated by distillation. Isopropyl- 
amine thus obtained boils at 31*5° under a pressure of 713 mm., and has a sp. pr. of 
0 G90 at 18°, converted by nitrous acid into isopropyl alcohol (Siersch, Zeitsekr. J. 

^^^Di’^ct^opylamine^ N1I(CM10‘» is n transparent, easily inflammable liquid, slightly 
soluble in water, having a faint ammoniacal odour, and a soupy taste. Boils at 83*5° 
to 84° under a pressure of 743 mm. Sp. gr. ()*722 to 22°. The hydrochloride forms 
very deliquescent needles; the plafinochloride largo reddish-yollow tables, easily 
soluble in water and in alcohol, sparingly in elher-aliMjhol (Sicrsch). 

PHOPTritBlSTB- — This hydrocarbon is found among the products obtained 

by the action of 1 mol. zinc ethyl on 2 mol. allyl iodide (Wurtz, Bull, Soo. Chim* 
[1883] v. 61); it is also fornud, together with ethyl bromide, by the action of zinc* 
ethyl on bromoform (Aloxeyolf a. Beilstein, ibUL [2] ii. 61) : 

CHBr® + Zn(C'^ll')-* «= 0=^11“ + C-II^Br + ZiiBr®. 


According to Butlcrow Ch. cxlv. 271), the propylene obtained froni 

allyl iodide and hydriodic acid is identical with that formed by decomposition of 
amyl-alcohol, and lias probably the constitution represented by the formula 

CH'-* Propylene from either of tliese sources is absorbed by hydriodic 

acid, forming isopropyl iodide, CTP-CHI— CH». and exhibits one and the same 
reaction with hypocblorous acid. The sanio propylene is obtained by heating mothyl- 
chlorac^Tol Cli"* — Cl* — CIP, with sodium to 130°- 150°; the gas thereby evolved 

forms with bromine a compound, C®H.‘‘Br*, boiling at 141°-143°, and exhibiting all 
tlie properties of ordinary propylene bromide. But by tTcating acetone with phos- 
phorus chlorobromide, PCPBr*, a cf»mp.mnd, C^lPBr*, is obtained, boiling at 113 to 
110°, and having a sp. gr. of 1*8149 at 0° Tliis bromide gradually dissolves in water 
at 100° forming a liquid which smells like ucetono, and when heated to 100° with 
silver benzoate, yields, together with benzoic acid, a bocly crystallising m the same 
form as that obtained by Oppcnhoim («?//ra) from the hydriodido of cbbiropriipylcne. 

By potassium permanganate propylene is oxidised to acetic and formic acids 
(Truchot, Compt.rcnd. Ixiii. 274); t.y »■ solution of crystallised chromic <4 

small quantity of water, it is converted into acetone, C H O (Borthelot, Ann, Ch, 

Chloride, C’H■C1^ formed, together yrith 
action of chlorine on propane (p. 907). has the 

and is convertible into ordinary propylene glycol, CII — ClIOH— CH OH (Schor 

CUorohydrale, (C»1I«)"CI((7H) or ClP-CIIOn-CIPCI, 
direct combination of propylene with hypochlorous acid, is converted, by hating ^ 
potassium cyanide in sealed tubes, into the corresponding cyanohydrate^Q^ ) CyOH, 
and this latter boiled with caustic poUish is converted into an acid, OHO, isomeno 
with oxy butyric acid : 

^ CIP CH> 

CHOH 2H-0 = NIP + Cl 


CH*CN 


tllOll 

CH*CO*H 


(Markownikoff, Zdtschr.f. Chem. [2] iv. 020). 

Bromo- and CA/oro-pr Monobromopropylcno, C»pBr (lioiling at 
56*6°, sp. gr. 1*408 at 19°), is converted liy agitation with chlorine- water and mercuno 
oxide into monoC)bloracetone : 

* 2C*H‘Br + HgCPO' = HgBr’ + 2C»H>CIO. 

« , , I /-k .. 01 ° ■ Ri. ofT 0-918 at 9®) is converted into chloracetone 

bJ'TlS^^Stment. ^ Mifnobroio-* or monochloro-propyleno heatud for noveml day. 
J with mercuric acetate and glacial acetic acid, i. converted into acetone 

(Linneman, ^eoncentrateii euiphuric acid, yield, hydro- 

ehlo!:^'S’'Ind'’l’ ^Jlho':acT(-n.:rn.ng the residue which when di.till«l 
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with water yields acetone. Similar reactions are exhibited with sulphuric acid bv 
amyl chloride^ glycolic chlorhydrin, and benzyl chloride. Allyl chloride, on the otlif-i 
hand, which is isomeric with chloropropylene, unites directly with sulphuric acid 
(with partial carbonisation), and the product diluted with water yields by distillation 
in the water-bath a small quantity of propylene chloride, C®H*C1^ (formed by com- 
bination of allyl chloride with hydrochloric acid proceeding from the decomposition of 
another portion of that compound), and on further distillation, chlorhydrin, 

C*H^C10 (b. p. 126°-128°), separable from the distillate by potassium carbonate! 
This mode of formation shows that the constitution of propyl-glycol clilorhydrin must 
be represented by the formula CH* — CIIOH — CIPCl (not by GH* — CHCl — CIPOH); 
for whatever may be the constitution of allyl chloride, tlie chlorine contained in it is 
united with the external and not with tho middle chlorine-atom. Allyl chloride in 
contact with strong hydriodic acid is converted, with rise of temperature and evolution 
of iodine and hydrochloric acid, into isopropyl iodide, C®HT. Chloropropylene, on 
the other hand, is easily converted by hydriodic acid into a slightly coloured heavy oil 
which decomposes by distillation even in a vacuum. The portion which passes over 
under a pressure of 1 centimetre between 100^ and 130*^ consists of C^Ii^Cl.HI, or 
chloriodopropane, No chlorinated acetic acid compound can bo obtained 

from this body by heating either witli potassium acetito or with silver acetate. With 
silver benzoate there is formed, even at ordinary temperatures, a compound isomcrio 
with propylene hibonzoato, which crystallises from ctlier in regular octohedrons and 
is resolved by water into benzoic acid and a liquid sinolliiig of acetone. 

Acetone is also produced when chloriodopropane is heated with moist silver oxide. 
Hence the chlorine, as well as tlie iodine, is united in this compound with tho middle 
carbon-atom, and the reactions take place in tho manner shown by the equations : 

CH^—CCl— CH2 + 111 = CII>— CC1I~CH* 

CJiloropropylene, Chlorio<lopropane. 

CH*— CCir— CH» + Ag^o =: AgCl + Agl + CH*— CO— CIP 
Chloriodopropane, Acetone. 

In tho benzoic compound, the chlorine and iodine are replaced by 2 at. of the 
residue ; so that tliis compound, dihmzoiiropanc or diherizodimethyl-methane, 

C’*H^(C’H*0*)*, may also be regarded as a compound of acetone wilh benzoic anhy- 
dride, C“1I®0 . It is called by Opponhoim melhyl-he^i^acetol, and the chlor- 

jodine compound, methyl iodo-chloraceiol, similarly to hVieders mcthyl-chloraatvl 
(p. 825). Chloriodopropane is distinguished from Simpson’s propylene chloriodido, 
C’H*.C1I, obtained by tho action of iodine chloride on propylene, by its specific gravity, 
which is 1*932, whereas that of propylene chloriodide is 1*834 at 0°, and by its 
behaviour with silver oxide. Another differcuce between chloropropylene and allyl 
chloride is afforded by their reaction witli bromine. According to Priedol {Aim. Ck. 
Pharm. cxii. 236), chloro propylene bromide, C^H**ClBr* (boiling at 170°), treated with 
alcoholic potash gives up hydrochloric acid, and is converted into chlorobromopropy- 
leno, C^fl^ClBr, which when heated fur some time with potassium aCetato and alcohol, 
forms propargylic ether, C-^H^(C'''H^)0 (p. 958). Allyl chloride, on the other hand, is 
converted by bromine, with vivid reaction, , into allyl bromochlorido, C®H®Ci]3^^ a 
colourless liquid boiling at 195°, which when treated with potash does not yield pure 
brominated allyl chloride ; by excess of alcoholic potash it is converted into propar- 
gylic ether. Ilydrogoii dioxide does not combine either with chloropropylene or with 
allyl chloride (Oppeuheim, Jhdl. Soc. Chim. [2] x. 128 ; Jakresb. 1867, p. 569). 

PROPY&EXO'S-GXi'irCOXi. This diatomic alcohol may be formed, as 

shown by Lourenqo {Compt. rend, lii. 1043), by the action of sodium-amalgam on 
monochlorhydrin, C^H’CIO^, and converted by oxidation into ordinary lactic acid. 
Moreover, dichlorhydrin, C^H®CPO, dissolved in ether free from alcohol but not dehy- 
drated, is converted by sodium-amalgam into isopropyl alcohol, from which by oxidation 
acetone is produced. The relations between these several compounds may accordingly 
bo represented by the following formulae : 


CH-'OH 

CH^Cl 

1 

cn* 

CH» 

1 

1 

CHOH 

1 

CHOH 
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CHOH 
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CHOH 

CIPOH 
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CH-OH 

1 
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Dlchlor- 

lsopn)pyl 

Acetone. 

hydriu. 

alcohol. 



(l?ufF, Ann. Ch. Pharm. Sitpjil. v. 247). 

PROPYXi-MSTHYXi CARBXN-OXi. CH». CIIOH.— One of the modifi- 

CJitious of Hecoiidary amyl alcohol (p. 111). 

PROPTXi-lMtBTBirXi BSTOBS, formed hy treating 1 mol. 

l>utyryl chloride, COC’H^Cl, with 2 mol. zinc-methyl, and iniraodiately subjecting the 
product to tlio action of water. It is a liejuid which boils at 95'^, and does not 

combine with sodium bisulphite. Projtyl-ethyl ketone^ CO j formed in like 

nmrmcr with zinc-cthyl, boils at IIT)*^, and is likewise incapable of forming a 
rrvstallino compound with sodium bisulphite. When the product of the action of 
ziij(!-mothyl on an acid chloride is loft for some days before it is treated with water, a 
tertiary alcohol is obtained instead of a ketone (Butlorow, pp. 115, 374). 

PROPYBPBTCZTE. (C^II*)‘^(OIT)^ (v. 893). — Details respecting the prepara- 
tion of this compound from the corresponding bromodiehlorhydrin, C“H*BrCP(OII), 
are given by J. Wolff {Ann. Ch. Pharm. cl. 28 ; ZjcUschr. f. Chcni. |^2] v. 464). The 
same bromodiehlorhydrin treated in alcoholic solution with potsissium sulphydrato, 
yields tlio pohissium-salt of disulphoj^opylphycitc'. 

C=»n'BrCPO 4- 4KnS \ KHO = C’lDO^S^K* + 21PS -f KBr + 2KC1. 

On treating the resulting alcoholic solution with water, the potassium salt is resolved 
into potassium hydrate and disulphopropylphycite, or C*IP(OH)*(SIl)*, 

which is precipitated as a light-grey amorphous powder, insoluble in potash, ether, 
alcohol, water, and benzol, even at the boiling heat, but easily soluble in alcoholic 
solutions of alkaline sulpliid('s. The alcoholic solution of the potassium salt 
yields with copper and mercury salts, precipitates of corresponding composition. 
Pis7ilphopropylphycific acid, C’-’IDS-O*’, is formed by prolonged boiling of disulpho- 
propylphycito with dilute nitric acid. Its hariuni ml/, C®II"S^O"Ba, is amorphous, 
instduble in alcohol, easily soluble in water, i»ormanont in tlie air at 120®. The 
cupric salt, C*H“S''^0'’Cu, which is green ;iiid very hygroscopic, is converted by alcoholic 
ammonia into the cuprammonium salt, C“lKSW(N'‘^lt''(hi), which is deep blue by 
transmitted, alreost black by reflected light, insoluble in alcohol, but soluble with 
blue colour in water (Wolff). 

On llie other hand, A. Claus {Aim. Ch. Pharm. exlvi. 244 ; Zeitschr. f. Chem. [2] 
V. 670) denies the existence of propylphycito alt<igether. According to his experi- 
ments, propyl phyci tic acid fv. 894) is nothing bi I glyceric acid, and the so-ctilled 
propylphycito is probably a glyceric ahUdiydo. 

PROTiLGODT (iv. 737). According to 35aey<‘r a. I.(iebreich {Arch. f. patiml, 
Anst. xxxix. 183), protagon is a glucoside, yielding by its docofn position — besides 
considerable qimntitic.s of glucose, glyceric and plmaphoric acid — a neuriiio-compound 
which crystallises in micro.scoplc needles, and swells up in water. On thd occurrence 
of proUigon in the animal organism, see Blood, Eoo, Lkcithine (pp. 351, 458, 779). 

PROTBZRS* (Syn. AlhumindUU .') — This name has been given to a group of 
Hub.stanccs which form the chief ma.s.s of the nitrogenous materiiil of animals and 
plants, and of which the albundn of the white of egg and the fibrin of blood may 
be baken as types. 

They have never as yet been obtained in a ci^stallino form, and they exhibit very 
grout instability of composition ; accordingly our knowledge of their exact con- 
stitution is very meagre. It is true that h;jemogb»bin, the re<l colouring matter of the 
blfKjd, which may frequently bo obtained in a crystalline form, is ciipable of being 
split up into hacmatin and a proteid component; but this latter is by itself not 
crystalli sable (Lehmann’s statement to the contrary being apparently founded on 
error). Similarly, certain crystals in the yolk of eggs, in the seeds of plants, and in 
driefl spermatic fluid appear to contain some proteid matter in combination with 
other substances ; but these proteids have not as yet been isolated in a crystalline 
form. 
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Nearly all profeids when in aqueous solution or suspension are found to change in 
character, especially in their solubilities. These changes are very marked at u 
temperature of about 40°. The preparation of most of the substances is tedious 
and hence the results of the examination of apparently the same substance vary 
exceedingly. 

The compounds they form with mettillic salts and other bodies are rariablo in 
composition (those with potassio-platiiiic cyanide no less than others) (Diakoiiow 
Hoppe- Seyler's Untersuch. ii. p. 228). 

They all contain nitrogen, carbon, hydrogen, oxygen (sulphur and phosphorus), in 
the proportions given below. That the sulphur in proteids is nnoxidisod is shown bv 
their giving oif sulphuretted hydrogen when treated with strong alkalis, and in 
various other decompositions. The phosphorus is probably present as i)hosphato, 
either mechanically attached or joined in some peculiar loose combination. 

All protoid solutions are laevorotatory. 

With one exception (peptones), all protoids diffuse with groat difficulty. 

Boiled with Millon’s reiigcnt’*' they all give a deposit which after awhile 
red, the supernatant liquor also becoming coloured red. Heated with strong nitric 
acid they turn yellow, the mixture on addition of ammonia becoming a deep orango 
(xantho-proteic reaction). 

They change the colour of tlie ciipro-potassie test-liquid for sugar from blue to violet. 

Proteids are very conveniently divided into classes as is done by Hoppc-Scjlcr 
{Ilmidbitch phyniol. chem. AfiaL). 

CiAss I. Albumins. — S oluble in water. 

1. Sg-g-oalbutnln. Vreparation . — The white of hen’s egg is diluted with an equal 
bulk of water, well stirred, strained, treated with dilute acetic acid as long as any 
precipitate falls, filtered, carefully neutralised, and concentrated to tlie original bulk at 
a low temperature. 

Characters. — A neutral, transparent, generally faintly yellowish fluid, turning tlio 
plane of polarisation to the loft, the specific rotation being 35‘5° for yellow liglit 
(sodium flame). Heated to about 70° the whole or greater part of the substniu o is 
thrown down as a tlocculent or curdy procipitato. The supernatant liquid, always more 
alkaline tliau before, is generally opalescent, from the formation of alkali-albumin (sco 
below). 

By careful acidulation all protoid matter is thrown down, and a perfectly clear 
filtrate obtained. 

The substance thus thrown down is not a mere precipitate. It differs radically in 
its characters from soluble albumin, is remarkable by its great insolubility, and is 
Cfillod coagulated albumin (see below.) 

The exact temperature at which this coagulation by heat takes place is much affected 
by various circumstances, notably by the presence of neutral salines, which lower tlio 
point of coagulation. 

Treated with excess of alcohol, egg-albumin is wholly precipitated from its solution.?. 
If the alcohol bo rapidly filtered off, tlio precipitate may be wholly or in groat part 
redissolvod in water. Within a short time, however, it is found that, under the influence 
of the alcohol, the precipitate passes into the coagulated state ; the longer the alcohol js 
allowed to act, the greater is the proportion of the material coagulated. 

By strong mineral acids, especially by nitric acid, egg-albumin is precipitated and 
coagulated. 

Metallic salts, such as mercuric chloride, silver nitrate, lead acetate, give a precipltabJ 
containing variable quantities of the precipitant. The lead precipiUite suspended m 
water, treated with sulphydric acid to remove the lead, and neutralised, gives a soh- 
tion of albumin. The white of egg always contains saline matters, which are retained 
in the solution of albumin prepared as above. All attempts completely to remove 
these salines by di.alysis, &:c., have failed, and it is still an open question whether they 
in part are in some way intimately associated with the albumin, and whether thca* 
presence is not essential to its being in a state of solution. 

2. Serum-albumlti. Preparation. — Serum of blood is diluted with water, treate<l 
with dilute acetic acid as long as any precipitate appears, filtered, neutralised, an 
reduced to its original bulk at a low temperature. 

Characters. — Thus prepared, serum-albumin agrees in its main features with egg- 
albumin. They differ in the following points : 

* Millon’s Reagent. — Equal quantities of mercury and strong nitric acid are mixed and 
warmed till the mercury is dissolved. The solution is diluted with twice its bulk of water, ano 
oopipus precipitate allowed to settle. The clear supernatant liquid is the reagent. 
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Tho specific rotation of serum -albumin is 66® for yd low light. 

Egg-albumin agitated with etlier is cojvguUited, If tho solution be dilute, tho 
coagulum appears on standing at the junction of the two liquids. Serum-albumin fs 
not coagulated by ether. 

Egg-albumin is very readily coagulated by strong hydrochloric acid ; the coagulum 
redissolves with very great ditficiilty. Scrum-albumin is not so readily coagulated by 
tho same acid ; tho coagulum rodissolves readily. 

Ci.A-SS II. Globulins. — Insoluble in water, soluble in very dilute acids and 
filkalis, soluble in dilute (1 p. c.) solutions of sodium chloride find other neutral 
salts. 

1. XIKyoain. PreparaiUm . — Fresh muscle finely minced is riipidly washed with 
distilled water until the wash-water gives no signs of containing protoids or of being acid, 
and is then treated with a 10 or 5 p. c. solution of sodium chloride. Tho resulting 
viscid mass is strained through linen, filtered through coarse paper, and dropped 
little by little into a large quantity of distilled water. A largo flaky precipitate is 
tlius produced which settles on standing. Tho liquid is removed by decantation and 
filtration, tlio prccipit{\te redissolved in tho saline solution, llltercd, and again precipi- 
tated with water. 

Characters. — Insoluble in water. Readily soluble in so<Hum chloride solutions, 
of 1 to 10 or more p. c. (also in other neutral saline solutions). From these solutions 
myosin is precipitated either by extreme dilution or by saturation. On adding 
the solid salt to a sod'um chloride soluthm of myosin, the liquid becomes more 
and more viscid, and just as the point of saturation is reached, the whole of the 
myosin is precipitated, Tho precipitate may then ])o separated by filtration, and 
washed if necessary with saturated solution of tho salt. The amount of salt still 
julhoring to it is sufficient to render it eapuble of being dissolved when treated with 
distilled water. 

Treated either by tho method of dilution or of saturation, tho myosin remains 
unchanged by the action of tiio reagenita. 

Exposed, however, either in solution or suspension for any length of time, especially 
at a teniperaturo of 20®-40®, myosin changes in solubility, becoming loss and less 
soluble in dilute neutral saline solutions. Tho same change may be brought about 
instautjineously by dilute acids or alkalis. Myosin is exceedingly soluble in dilute 
acids. The solutions are uncoagulated by boiling, in<leed apparently unchanged. On 
neutralisation tho whole of tho proteid is thrown down; the acid solution also 
prccipitjited by tho addition of neutral salines. Tho precipitate, however, is no 
longer myosin ; it is no longer soluble in dilufe neutral saline solution ; it has passed 
into Class III. In like manner myosin is oxfrcmely soluble in dilute alkalis ; the 
whole of the dissolved proteid may ho preoipitate-d on neutralisation, but the pre- 
cipitate is no longer soluble in dilute neutral salines ; it too belongs to Class III. 

Suspended in water and heated to 70*^, myosin cnU;rs into the insoluble or coagulated 
condition. The neutral saline solutions of myosin are coagulated by hoat.^ 

Just as fibrin (see below) does not exist as such in livdng blood, so myosin docs not 
<jxist as such in living muscle. It makes its appearance pari with the condition 

of muscle known as rigor worfis tho meehanicxil phenomena of which it is most 
prr>bably tho cause), by a process similar to tho coagulation of blood. If living, 
still irritable muscle, freed as much as possible from blood and lymph (the muscle of 
frog is most convenient for tho purpose), bo frozen, minced, mixed with snow containing 
1 per cent, of sodium chloride, and powdered, at a temperature below freezing point, 
tho mixture may with great care bo filtered when melting. Iho filtrate speedily (at 
the temperature of tho body almost immediately) sets into a gelatinous mass, which 
aftenvards separates by contraction into a clot and serum. The clot, however, lias 
the characters, not of fibrin, but of myosin. 

2. Globulin. {ParaglohuHn.) Preparation.— ircah blocsl serum is diluted 

tenfold with water, and* a brisk stream of carbonic acid passed thrtmgh it, a fine 
granular precipitate is formed, which may bo separated by decantation and filtration, 
and wa8he<l with water. , . i , . i / 

It may also be prepare<i by saturating blood-serum with sodium chloride (or 
magnesium sulphate, &c.), as in the case of myosin. A certain amount of the salt 
will cling to the precipitate. 

ChcLractera . — Globulin is exceedingly soluble in <lilute saline solutions ^from which 
it may be precipitated unchanged by carbonic .acid gas or exceedingly dilute acids). 
Insoluble in water, it U dissolved however when the water is saturated with oxygen. 
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From its solution hy oxygen it may he precipitated by carbonic acid, rodissolrcd by 
oxygen, &c. . . ! . 

In excessii^ely dilute alkafis it is dissolved without change of characters ; in dilute 
flolution^i, e. a., of 1 p. c. it is soluble, with change, becoming converted into a member 
of Olasi? III. By dilute acids, however feeble, it is changed on solution into a 
member of Class III. When suspended in water and heated to 70*^ it enters into 
the insoluble or coagulated condition, Class V. 

From its solution in neutral salines it may be precipitated by saturation. The 
same solutions heated to 70° are coagulated. 

Globulin is present, not only in serum of blood, but also in aqueous humour, in 
the juice of the cornea, connective tissue, &c. Derived from the former of these 
sources, globulin is fibri noplastic, i.e. has the power of so acting in concert witli 
certain fluids (fibrinogonous^ as to give rise to fibrin (see below). The crysbillino 
lens contains a substance which is not fibri nophistic, but which in many other respects 
closely resembles the globulin thus described. It is stated (Hoppe), that its solutions 
with neutral salines are not precipitated on saturation, in this respect rcscmhlin;; 
vitellin. It has been proposed to reserve for the latter the name globulin, and to 
call the fibri noplastic globulin, paraglobulin (Kiihne, Lehrb. Phys, CA.). 

3. SPlbrlnogren. If hydrocele, pericardial, or other fluid capable of giving a clot 
with blood-serum or paraglobulin, be treated by the method adopted for glol)ulin, 
similar substance may bo obtained, which resembles globulin in all particuhirs, 
except that the carbonic acid precipitate is more difficult to obtain, and more, flaky, a:) 
of coarser grain, and that the body is more readily thrown down from the fluids in 
which it is found, by a mixture of alcohol and ether, and by the fact that it is 
fibrinogenous, i.e, requires to bo mixed with fibrinoplastic globulin for the production 
of fibrin. 

4. Vitellin. If the yolk of hen’s egg ho treated with other, most fatty and 
colouring bodies are dissolved. There remains a white granular body which is 
insoluble in water, but readily soluble in neutral saline solutions. It is so much 
more soluble in these solutions than myosin, that it filters easily, and is not 
precipitated by saturation with the salt. Otliei’wise it has the characters of myosin, 
but is probably a moro complex substance. It is neither fibrinoplastic nor f hrino- 
genous. By the action of dilute acids or alkalis, like tho other members of this class, 
it, passes on solution at once into tho next class, III. 

,€i.ass III, Derived Aeuumins. — I nsoluble in water; insoluble in socliimi 
chloride solutions; soluble in dilute aci<Is and alkalis, 

1. ilLoid-albumlii. If a small quantity of dilute acid (hydrochloric or acetic) 
be added to serum- or egg-albumin, no precipitation or coagulation takes place. On 
gradually raising tho temperature of tlio mixture to 70°, it will be found that 
cofigulation at that or at a higher temperature has been entirely prevented. At tho 
same time tho influence of tho fluid on polarised light has been altered. Tho 
rotation to the left has become increased to 72°. 

On carefully neutralising tho cooled mixture, the whole of the proteid matter is 
thrown down as a white, flocculent, frequotitly gelatinous precipitate. The action of tlw 
acid has converted tho albumin soluble in water into a substance insoluble in water. 
Tho precipitate is very readily soluble in e'xcess of the alkali used for neutralisation, 
may bo reprecipitated by again neutralising with an acid, again redissolved by exces.s, 
and so on. It is also soluble in dilute solutions of alkaline carbonates. It is insoIuWo 
in sodium chloride solutions, and may be precipitated from its solutions by the 
addition of their salt. Suspended in water and heated to 70°, it enters into tho 
coagulated or insoluble condition. 

This conversion of albumin into acid-albumin takes place with very great rapit^ity 
at such degrees of temperature as in the .absence of an acid would coagulate the 
albumin. At lower temperatures the conversion takes place much less rapidly. H ^ 
mixture of albumin and acid be loft at the ordinary temperature, and portions testeu 
by neutralisation from time to time, it will bo found that the neutralisation precipit'^te 
gradually increases, until at last the whole of tho albumin is thus thrown <lovrri. 
This is the c<ase equally with egg- or serum-albumin. The xiugmentation of 
neutralisation precipitates takes place pari passu with changes in the effect on the 
polarised ray. 

All the globulins of Class 11. are readily soluble in dilute acids; by the act of 
solution they are however at once converted into acid-albumin, tho neutralisation 
precipitate being no longer soluble in neutral saline solutions. Thus the myosin of 
thoroughly washed muscle may be at once extracted by dilute hydrochloric ac*“ 
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*1 P- c.) in the form of add^albumin, long known as syntonin^ No charactera 
are at present known by wliich syntonin or acid-alburain derived from muscle may be 
distinguished from other forms of acid-albumin. . 

Like tlio globulins, acid-albumin changes rapidly in character when left ex^sed for 
any time to ordinary tomperaturo. It becomes less and less soluble in dilute acids, 
requiring for its solution a stronger acid or an increase of temperature. 

2. Albuminate or AllLali-albumln. — If egg- or scrum-albumin bo treated with 
dilute caustic alkali instead of witli acid, congulittion hy heat is similarly preTCntcd, 
and the whole of the protoid may in like manner bo thrown down on no?itralisation. 

Alkali -albumin may also bo prcpareil from albumin by the action of strong caustic 
potash, according to tho mctliod of Lieberkuhn. 

White of egg is treated with an equal bulk of w'ator. filtered, and reduced to its 
original volume by evaporation in shallow vessels at a low temperature. Potassium 
hydrate is then added drop hy drop, iintil tho mixture becomes a golatinoui^ 
tmnspareiit mass. This is cut into small pieces and washed rapidly until the wash- 
water ceases to have an alkaline reaction. It is tlicn dissolvoil in hot water, giving an 
apparently neutral solution, from which it may bo thrown down by tho addition of a 
dilute acid. There is of coui’so an immense loss of substance. Contact with oxygon 
is to be avoided. 

Albuminate is insoluble in water and in solutions of sodium chloride, readily solnblo 
in dilute acids, dilute alkalis, and dilute solutions of alkaline carbonates. In all 
tlicse characters it agrees with aeid-allmniin. From its alkaline solutions it is preci- 
pitated by saturation witli magnesium sulphate, and tho precipitate is 8oluV)le in 
water. Its effect on the polarised ray is variable. Si^rum albumin treated with 
strong alkali acquires a rotatory power of 86°, ogg-albumin 47°, coagulated albumin 
68°, the result being nevorlliclcss in each case albuminate. 

Albuminate is insoluble in cold alcohol, and may bo precipitated from its solution 
by an excess of that agent ; in hot (diluted) alcohol it is however more or loss soluble, 
the amount being very much increased by the presence of free alkali. 

From its acid or alkaline solutions it is precipitated on neutralisation ; in 
presence of sodium phosphate the alkaline solution lias to be rendered freely acid 
before the precipitation tjikes place. 

In these respects it differs from acid-albumin, TIicso do not, liowevcr, appear very 
certain, and probably albuminato dissolved in dilute acid becomes acid-albumin, and 
acid-albumin in an alkaline solution becomes albuminate. Like acid-allmmin, albu- 
minate in acid or alkaline solution is unchanged by boiling; suspended in water, 
however, and boated to 70°, it passes into the coagulated state. 

Tho proteid substance casein exists in milk. From this it may bo thrown down 
by the addition of acetic acid, especially after dilution. The b(?Kt results are obtained 
by adding a very small quantity of acetic acid until tho first appearance of a precipi- 
tate, and then passing a brisk stream of carbonic acid through tho mixture. Tho 
precipitate thus gained, when freed from fat, is insoluble in water and in sodium 
chloride solutions, but is readily soluble in dilute acids and alkalis (and alkaline 
carlxmates), and rcprcci pi table on neutralisation. In fact, it agrees in most respects 
with albuminate- It may also ho pn-pared from milk by saturating with magnesium 
sulphate, washing the precipitate free of fat, and redissolving in water. 

Two facts are however brought forward to distinguish ensein from albuminato: 

1. When casein is treated with caustic potash, potassium sulphide is- produced: 
this is not the case with albuminate. — 2. Casein digested with artificial gastric juice 
yields a body containing phosphorus, wheross an albuminato which contains no phos- 
phorus can be prepared from white of egg (Lubavin, Hoppe-Seulcrsmed.^chein. XJnters. 
1871, 463).* 

Prepared by moans of magnesium sulphate, casein has a rotatory power of 80°, in 
dilute alkaline solution of 76°, in strong alkaline solution of 91°, in dilute acid solut- 
tjon of 87°. Casein then may be taken as a naturally occurring alkali-albumin, just 
as syntonin is tho most commonly and easily produced acid-albumin. A natural form 
of alkali-albumin also occurs in blood-scrum {serttm casein of Panum) and other 
similar fluids, besides the globulin and albumin. It may be obtained by adding 
dilute acetic acid to blood-serum freed by carbonic acid from globulin. A similar 
substance has been described as existing in the protoplasm of nerve-centres and in 
plain Inuscular fibre. 

IV. SPibiin. Insoluble in water ; with difficulty soluble in dilute acids and 
alkalis, and in nentral saline solutions. 

* Lutiavln^sexpeiiiBents seem also to show that casein, like vitellln or bamK^lobln, is a compound 
<« sn albuminous or proteid substance with a non-albuminous bo^ly. 



I Is to whieh the Of .blood is dnOL obtained 

btscKt*elot«.^r,i 9 ore readily by stfiruig with a. feidlaof twigs blo(»d just 
b^ore it baa had tons to clot. The fibrin, which acSieM in layers to the twigs, 
nxa^: theia bo-ii^^ped off and washed till perfectly white. 

Fibrin, diffeire fiponi'a^ the solid proteids in having a filamentous structure, and in 
possessing remarkable elasticity. It is insoluble in water at ordinary temperatures 
passing into sol^ti^n only at Very high temperatures, or after very great length of 
time, and then becoming totally changed in its characters. 

Treated with dilute hydrochloric acid, it swells up into a remarkably transparent 
mass, but resumed its natural appearance when the fluid is iioutralisod. At ordinary 
temperatures, the fibrin may remain subject to the abtion of the acid for days without 
sensibly passing into solution. At 60° to 60® it gradually dissolves, acid-albumin 
being fpnped. 

In dilute alkalis it swells up to a less extent, and is more soluble in these than in 
dilute acids. 

In neutral saline solutions (sodium chloride 5-10 p. c., potassium nitrate, &c.) it 
swells up to a viscid mass, and gradually dissolves, the solutions being coagulated 
by heat, the product being apparently a body of the globulin class. 

Suspended in distilled water and heated to 70®, it slirinks, becomes more opaque, 
and loses its elasticity. Its solubilities are then identical with those of coagulated 
albumin. In the presence of an acid this coagulation takes place below 70°. 


^LAss V. Coagulated Proteld. Insoluble in water, neutral saline solutions, 
dilute acids, and alkalis. On heating to 70® or thereabouts, egg- or serum-albumin 
in its natural solution, or any member of the globulins suspended in water or in 
solution in neutral salines, or any acid- or alkali-albumin, or fibrin suspended in water, 
coagulation takes place, and the product, as far as wo know, has in all cases tlio 
same characters. It is insoluble in everything except the strong acids and alloiliH, 
and even in these not always readily. One of the products of this method of solution 
is an acid- or alkali-albumin, as the case may be ; there are also otlier produete, 
probably many. 


O 1 .ASS VI, Z^ardaoeln or Amyloid. In certain diseases there is deposited in 
the liver and elsewhere, a substance which, from its elementary composition and from 
the nature of the products of its decomposition, seems to bo a proteid, and yet possesses 
certain unusual features. It resomble^cojigulatcd albumin in being insoluble in wator, 
in dilute acid, alkali, and in neutral saline solution ; it differs in completely resisting 
the action of giistric juice. 

Its most notable character is the fact that it is coloured rod or reddish-brown with 
iodine, violet or blue with iodine and sulphuric acid. This reaction has led to its 
being called amyloid ; but it has no relation whatever to any of the starches, and by 
no treatment can sugar be got out of it. On the contrary, it is dissolved by concen- 
trated hydrochloric acid, with formation of acid-albumin. 

Cuk^s VII. Peptones. All proteid bodies (with the exception of lardacei/j) nrft 
converted, by the action of acid gastric or of alkaline pancreatic juice, into yeptmn 
(and other products). There are probably seveml peptones. Their general charaett rs 
are extreme solubility and high diffusibility. They are not precipitated by acida, 
alkalis, or neutral salts, by acetic acid with ferrocyanide of potassium (at least, not 
all). They are precipitated by mercuric chloride and lead acetate. They are insoluble 
in alcohol and ether, but require for their precipitation from aqueous solutions a very 
great excess of alcohol. Their solutions are lajvorotatory, and are not changed in thii< 
qr inj|,ny other respects by boiling (as are all other proteid solutions). They are net 
in any way changed by the action of alcohol. 

- Peptones are produced from proteids by the action, not only of the above jnirts, 
but ftlso by strong and especially by dilute acids, and by distilled water athigh temper.!- 
tures and pressure. Of the following bodies our knowledge ‘is too incomplete to permit 
of any de^ite statement : 

M(fia^ept<me. Dyspeptone , — Products observed by Meissner to occur in varying 
q^uantities hi digestion experiments. The parapetone of the Siime author seems to bo 
nothing more than acid-albumin. ^ ' 

. Metdlbumin .- — Observed by Scherer in a dropsical fluid. Precipitated byaleob^'b 
but not coagulated ; solution hardly coagulated by boiling ; not precipitated by acet t* 
or hydrochloric acid, or by acetic acid and potassium ferrocyanide- „ ' 

A substance obtained by Scherer from ovarian cysts. The alkaline 
jpolutioQS are ektremely ropy. It differs widely from proteids -in' elemoDtary 



composifcioii (C 5 6 ij N 12*8, 0 1‘7), and Swidea ebntAhis, <» l« assool^ 

with, a body resciTOlin|^%ly^ and ea]^bt» of conyi^oii into a ihibstaknce wiw 
many of the reactions of 

The relations of these various proteids may be taliulatea th\ia ^ , 

ALUnums. 

Globulucs. 


. Alkatj-albumin. 

. AcidoAlbumin. 

. Fibrik. 

sol. in strong acids : 

. Coagulated Albumin. 

. Amyloid. 

The above roethotl pf solubilities is the only m.^ans at our command for distinguishing 
tliom. From their elementary composition wo learn nothing, as may bo gathered fhuii 
t ho following table : 



C 

II 

N 

0 

S 

Fibrin . 

62-6 

70 

17*4 

21*8 

1*2 

Syntonin 

6t-l 

7*3 

161 

21*6 

11 

Peptono . 

6()-87 

7*03 

16 34 

24*12 

1*64 

Albumin 

61*37 

7*13 

19 00 

23*12 

2 12 

Lardacein 

63 6 

70 

15’0 

23*1 

1-3 

In general from 

62*7 

6*9 

15*4 

20*9 

•8 

„ to . 

64*5 

7*3 

16*15 

23*5 

2-0 


Many circumstances seem to point to the conclusion that undigested proteids are 
converted during digestion into peptones, by a process of cleavage, with assumption of 
water, analogous to that by which starch is converted into grape-sugar. And the' 
fact that peptones of some kind or other are produced, not only by digestion, but also 
by ordinary chemical means, as the action of acids, &c., seems to point the same way. 
The various decompositions of peptone (and of the other proteids), especially that by.’ 
pancreatic juice, indicate moreover that leucine and tyrosine are distinct elomeots in 
Its structure; but other products appear to be invariably formed at the same time. 
Furtlmr than this we are at present unable to go. 

A distinction may bo drawn between ‘ natural ’ proteids, such as albumins, globblins, 
fibrin, and modified ones, such as acid- and alkali-albumin, which are produced by some 
actions (as of acid, &c.) on the former, either within or without the body. The groat ' 
feature of all them is their instability. The most stable are the peptones and 
Coagulated albumin, next come fibrin and albumin, then jicid- and alkali-albumin^ and, 
least stable of all, the globulins. So incessant are the changes they undergo, that it ' 
may be doubted whether they are fijted chemical compounds in the ordina»ry sense of 
that term. 

For further details respecting proteids, see Gmdin's Handbook^ xviii, 262-469, 

M.F. 

»OTOC4.TBCKVXC ACn. C’lTO*.— -The formation of this acid, togefhW 
with phloroglucin, by the action of melting jxjtash on a variety of organic substanees, 
is noticed under Phloboolucin (p. 928). It is also formed, together with acetic 
acid, by jlbsiog cafifeic acid with potash (Hlasiwetz, Ann. Ch. Pharm. cxlii. 228); 
similar txuatment of c^chona-red (Rombold, Urid. cxliii. 273) ; together with remircin 
and volatile fatty acids, by fusing asafeetida with potash (Hlasiwetz a. Barth, ihuL 
cxxxTtii. 81);. and, together with pyrocatechin, by fusing sulphanisic acid with potash, 
(Malin, Ch* Fharm, clii. 109). 

A mixtore of monobasic barium proU)catechuate, (C^H*0')^ai with sattirated 
baryta-water, depo^iits after a while warty crusts of a tribasic salt, (C'H*0*)®Ba^ (at ^ 
130®), anah^gmw to the txiplumbic salt obtained by Stredker (iv. 730). , 

JJromaptvtociifichuic acid, GTH^BrO*, obtained by triturating the am with bromine, * 


Soluble in water : 

Aqueous solutions not coag. by boiling 
Aq. sol. coag. by boiling .... 

Insoluble in water; 

Soluble in NaCl sol. I p. c. 

Insoluble „ ,, 

Soluble in HCl, *1 p. c. in the cold : 
Soluble in hot spirit . 

Insoluble „ ... 

Insol. in HCl, *1 in the cold : 

Sol. in HCl, *1 p, c. at CO® 

Insoluble in HCl, *1 p. c. at 60® ; 
‘ Sol. in gastric juice . 

Insol. in gastric juice 



;;976: PSEUDOMORPHINE. 

apd 'framing the product over the water-bath, .crystallises from hot water in slend^ 
anhydrous rhombic needles, and when heated with a concentrated solution of 4 pts 
■^potassium hydrate to a ^asty consistence, acidulated .with sulphuric acid, auc 
exhaust^ With ether, yields an acid crystallising in rhombic needles, and approjj 
matrng in composition to gallic acid, C’H*0*.H®0. Protocatcchuio acid is probabh 
^dentiCar^with carbohydroquinonic acid, inasmuch as tliese two acids agree in ihej'j 
reactions, melting point, and crystalline form, and when heated with hydriodic acid 
to 140°, yield, together with carbon dioxide, a mixture of hydroquinone and p^ro- 
catechin (Barth, Ann. Ch. Pharm. cxlii. 246). 

^ PHOTOCATXSCRtrxC AXRBHYBS, C■II»0^ isomeric with oxybenzoic acid, 
is produced by heating dichloropiperonal with water (p. 948) : 

+ 2H‘^0 « CO 2 + 2HC1 + 

It is easily soluble in water, and crystallises from the concentrated solution mostly in 
concentric groups of flat crystals, which are best purified by recrystallisation fVom 
toluene. It melts and becomes dark-coloured at 150°, and decomposes at a higher 
temperature with separation of carbon. The aqueous solution mixed with ferric 
chloride acquires a very deep and pure green colour, changing to red on addition of a 
drop of solution of sodium carbonate, A similar reaction is exhibited by proto- 
catechuic acid, but the green is not pure, iucliniiig more to blue. The aldehyde is 
oxidised to protocatechu ic acid by fu.sion with polish, also by permanganates, hi-om 
ammoniacal silver-solution it throws down a silver speculum. It appears to uiiiii 
with alkaline bisulphites, but without forming crystalline compounds (Remstii :i. 
Fittig, Zeitschr. f. Chem. [2] vii. 100). 

P8BVBO-AX.COROX;.S. See Alcohols (p. Go). 

PSBVBOCVAfBRS. Trimethyl-benzcnc. — Sec Benzisne, Homologues of (p. 206 ). 

PSBimocinRCVMCZXr. See Curcumin (p. 517). 

PSSTOOMORPBZlirB. (O. Ilcsse, Ann. Ch. Pharm. cxli. 87).— This 

base, first noticed by Pelletier (iii. 1051), may bo obtained in the preparation of morphine 
by Gregory's process, in the following manner. When the purified mixture of tlie iiydro- 
clilorides of morphine, codeine, &c., is mixed with a slight excess of ammonia, only 
the morphine is precipitated, and the filtrate, slightly supersaturated with hydrochloric 
jacid, freed from alcohol, and somewhat decolorised by animal charcoal, yields, on 
neutralisation with dilute ammonia, a bulky precipitate, chiefly consisting of pseudo- 
morphine. On washing this precipitate with water, dissolving it in acetic acid, .'irul 
mixing the filtered solution with such a quantity of dilute ammonia that the 
supernatant liquid shall just slightly redden blue litmus-paper, only the pseudo- 
morphine is precipitated, and may bo pnirified by combining it with hydrochloric acid, 
nnd decomposing the recry .stallised salt in hot aqueous solution with ammonia. 

Pseudomorphine thus prepared is a finely crystalline white precipitate, having a 
silky lustre, and drying up to a dull white mass ; when separated from a cold 
solution, it is gelatinous, and after prolonged di’ying, translucent and horny. If 
insoluble in water, alcohol, ether, chloroform, carbon bisulphide, dilute sulphuric acid, 
and sodium carbonate, but dissolves easily in caustic alkalis and milk of lime. 
Aqueous ammonia dissolves it sparingly, but alcoholic ammonia dissolves it vory 
easily when recently precipitated. Its solution in strong sulphuric acid is olive- 
green; the nitric acid solution has a deep orange-red colour, changing to ycllosr; 
the solution in ferric chloride is blue. The base and its salts are tasteless. 
base dried at 120° has the composition ; in the air-dried state ic appears 

to contain 1 mol. water (6*6 p. c.). It is perhaps identical with Schutzenhergers 
oxymorphine (p. 841). The hydrochloride, C'^H'®NO'.HCl -f. IFO, is a white 
crystalline powder, insoluble in alcohol and dilute sulphuric acid, soluble in 70 pf^- 
water at 20°; the platinochloride, 2(C’'H'®NO*.HCl).PtCR, is a yellow amorphou.^ 
precipitate. The stUphate, 2C’'H'®NO*.H2SO* + 6H*0, precipitated on mixing the 
hydrochloride with an equivalent quantity of sodium sulphate in slightly acidulated 
solution, forms small white laminae very much like gypsum. The oxcilcfc> 
2C*’H'®NO^.C®H*0^ -t 6H*0, is a white precipitate composed of prismatic crysUih; 
the tartrate forms sparingly soluble prisms; the nitrate shining laminae; 
chromate a yellow crystalline precipitate ; the hydriodide pale yellow prisms ; the 
aurochloride a yellow amorphous precipitate; the mercurochtoride a precipitate 
composed of colourless prisms. 

‘P8B|Fl>ORBPHBXTB. A calcio-aluminic silicate resembling nephrite, fr*^^ 
Easton, described hy A. Emmerling {Jahrb. Min. 1866, p. 558; Jahresh. 1866, 
p. 939). 
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MBtnOOSVXiPHOCTAiriLTBB. See ScLPHpCTAKATKS. 

PTBltOBXTB. A mineral occurring in the Brevig Sound in Norway, together 
with pitch-black mica, astrophyllito, wohlerite, and acgirio. It is ’ massive and 
composed of numerous lamelhe, grouped like the beard of a feather and partly 
curved. Hardness =» 2*6 to 3. Sp. gr. 3*063 to 3*666. Colour blive-green and 
liver-brown ; lustre nacreous. Translucent only at the edges. An analysis by 

K. Muller gave 

SiO* Al»0» CaO MgO K^O Na’O FcO Fo*0* H*0 

39*38 6*65 6*47 0*66 7 86 2 81 16*43 19 89 1*39 = 100*44 

(Broithaupt, Jahrh. Mm. 1865, p. 858; Jahresb. 1865, p. 887). 

PITBPITliXIir. According to the recent investigations of Streckor (ZcUsehr. 
Chem. [2] iv. 265), and of Graebe a. Liebormaun (ibid. 503), this substanco has the 
composition of oxyalizarin, For Bolloy’s experiments on the composition of 

purpurin and otlier madder colours, see DinqL ]>o/. J. clxxxii. 351 ; Jahreah. 1866, 
p. 643. For E. Kopp’s method of preparing pnrpnrin, &c., irom madder, soo Bull. 
Site, iadustr. de Mulhouse, xxxvii. 437 ; Jahresb. 1807, p. 955. 

PUlLPirBOGJI.XX.ZKr. (A. Girard, Comjyt. rend. Ixix. 865 ; ZeUschr, 

f. Chem. [2J vi. 8G). — A rod colouring raatbrr produced by oxidation of pyrogallic 
acid with silver nitrate in alcoliolic solution, or more convonieiitly with permanganic 
acid. 60 grams of potassium permanganate are dissolved in a litre of water mixed 
witli 55gr.im8 of hydrogen sulphate, and this solution is gradually poured into a strong 
acpioous solution containing 40 grams of pyrogallic acid. Purpiirogallin then separates 
in orange-red Hocks, which may be purihedby washing with a little water and crystal- 
li.sati(ju fr<jm alcohol, or by sublitnal.ion. It sublimes at about 200*^ in garnet-rod 
Jieedles, having a liner ctjhjur and stronger lustre than alizarin. It dissolves sparingly 
in water, more easily in alcohol, also in ether and in benzol, forming yellow solutions, 
ISulphuric acid dissolves it, forming a compound wliicii crystallises in crimson needles 
decomposed by watoy. Most other acids dissolve it witliout alteration. Nitric acid 
attacks it energetically ; the very concentrated acid may even set it on lire; ordinary 
nitric acid converts it into picric acid. Alkalis impart to the solutions of pyrogallin 
a transient blue colour; aluminium sulphate, on addition of ammonia, throws down 
a violot-bluo lake, whicli gradually turtis brown. Load acetate forms a red-bro>yn 
precipiUvto. Silver nitrate colours tl»e solutions violet-blue, then brown, with separa- 
tion of mebillic silver. Auric chloride forms a bright carmino-rofi solution, which 
however also ttiriis brown and deposits metallic gold. Purpurogallin dyes mordanted 
fabrics quickly and completely, but the colours are not very good. 

PYBmZKTB. CTPN.— A ccording to Chapman a. 8mith (Ann. Ch. Pharm. 
Suppl. vi. 329; Jahresb. 1HG8, G82), this base is formed by deliydratioii of amyl 
nitrite, c.g. when that compound is heated with phosphoric anhydride, — 

3]1-^G = C*H*N. 

Blpjrrldine. (AndtTson, Chem. Soc. J. [2] viu 40G). — Thi.s base, 

polymeric with pyridine, is formed, togethtsr with other producU, by the action of 
'S(*dium on pyridine. Wlien dry pyri<liije is heated to its boiling point with small 
pieces of sodium amounting txi about one-fifth of its weight, in a flask furni.yhed*with 
a long condensing-tubo, the whole is gradually converted into a da.rk brown or black 
m.'iss, which solidifies on cording to a liard brittle resin ; and on separating this 
resin us completely fis possible from unaltered sorlium, and throwing it by small 
pieces into water, it is slowly converted into a thick l>rown oil, whicli collects at tJio 
bottom of the vessel, and when waslied with water, drier! with calcium chloride, and 
distilled in a current of hydrogen, yields at first a light oil consisting of several 
bases, then a thick heavy oil wliicli deposits crystals of dipyridino. On redistilling 
this product, dipyridine crystallises in the neck of the retort, and the fluid portions 
of the distillate yield a further quantity of it when cooled l^y a freezing mixture. 
I lie formation of dipyridino by the action of soilium on pyridine takes place also in 
the cold. In this case, the sorlium becomes covcrerl, in the crjurse of a few days, with 
a black brittle crust, which when washrsl with pyridine to remove an oil forriHid at 
the same time, then detached as crunpletely as possible from tlie sodium, and thrown 
inro w'ater, yields a dark grey powder, wliich falls to the bottom. This powder 
''hashed till free from soda, and then spreiul out in contact with the air, is entirely 
converted into a snow-white mass of interlaced acicular crystals, consisting of 
dipyridino. 

Ihpyridine melts at 108°; solidifies to a ciystalline mas.s on cooling ; volatilises 
slowly at 100° ; and sublimes unchanged at a high temperature, in long neerllo-shaped 

3 U 
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crystals. It dissolves rather sparingly in cold, but readily in boiling water, also 
in alcohol and other, and separates in acicular crystals on cooling. It iikewiso 
dissolves in pyridine and in volatile oils. From the oily base with which it distils 
in the first process of preparation, it crystallises in short, thick, fonr-sided prisms 
which are transparent so long as they remain in the liquid, but soon become opaque 
when removed from it. Pipyridine is a vory stable compound, not being decomposed 
by hydrochloric, sulphuric, or nitric acid. Potash and ammonia precipitate it from 
its solutions in acids as a mass of minute crystjils. Its aqueous solution gives no 
precipitates with sulphate of magnesium, zinc, or nickel, with lead acetate, or with 
ferric chloride. With cupric sulphate it gives a pale bluish-whito precipiUite ; with 
mercuric chloride a white amorphous powder insoluble in boiling water ; and with 
silver nitrate a white precipitate insoluble in cold and sparingly solumo in boiling water, 
from which the compound is obtained in crystals on cooling. Its most characteristic 
reactions, however, are those it gives with ferro- and ferri -cyanide of potassium. 
When a few drops of pottissium ferrocyanide are added to a not too dilute solution of 
dipyridiue hydrochloride, a pale precipitate makes its appearance, which rapidly 
changes to a dirty indigo colour, increasing at the same time in quantity. At a 
certain degree of concentration, the precipitate consists entirely of very minute 
needle-shaped crystals having a dark indigo colour, which dissolve in boiling water, 
forming a very deep and rather dull purple solution, and are again deposited on 
cooling; but if the boiling bo continued for some time, the comp^jund appears to 
undergo some change, for the liquid rotairis its red colour at oi-dinary temperatures, 
though a great part of tho substance is still deposited in crystals. A saturated cold 
solution of dipyridine in water gives no precipitate with potassium feiTocyanide ; but 
on adding to tho mixture a drop or two of hydrochloric acid, tho dark procipitate 
insbintly makes its appearance and is deposited in small crystals, easily soluble in 
hydrochloric acid. When potas.sium forricyanide is added to dipyridine hydrochloride, 
no immediate effect is observed ; but on standing, tho interior of the test-tube 
becomes lined with minute prisms, having a sulphur-yellow colour and strong lustre. 
On boiling, tho solution acquires a dark colour, and partial decomposition takes place. 

Dipyridine gives by analysis tho same pcrccnt-ige results as pyridine, C*JPN ; but 
its vapour-density, as found by experiment, is 6 92, agreeing nearly with that r<>quired 
by tho formula viz. 6’46. 

Tho salts of dipyridine mostly crystallise well, but are not easily obtained of 
definite composition. The hydrochloride y forms flat needles, easily 

soluble in water, insoluble in other. The platinocMoridCy 2HC1 .PtCP, is a 

yellow crystalline powder ; the palladio-cnloride an orange -coloured precipitate ; tho 
zinco -chloride y . 2IIC1 . ZnCP, crystallises in long white needles. Tho sulphcif'., 

C'®li'®N^.H^SOb separates from aqueous solution in needle-shaped crystals, which 
deliquesce in moist air. The 2HNO^, forms pale yellov^ needles, 

moderately soluble in water. On adding silver nitrate in excess to. solution of 
dipyridine hydrochloride, and immediately filtering from tho precipitated sih^cr 
chloride, the argenio-nitratCy C*®H*®N*(HNO®)‘'^.2AgNO^, is deposited in sparingly 
soluble shining needles. 

Dipyridine Ethyl-iodide, is produced by heating dry dipyridino 

with et.hyl-i(xlide to 100° in sealed tubes. It forms neetile-shaped crystals, brilliant 
and colourless if they have not been exposed to tho air, very soluble in water, less 
soluble in alcohol and ether. Heated with silver chloride and water, it yields the 
corresponding chloride, which on addition of platinic chloride, yields the ethyl-plat ino- 
chloridsy C*®H'®N^. 2C2H®01 . PtOP, in small spfiringly soluble red needles. Tho base 
separated from the iodide by silver oxide — obviously an ammonium base — forms a 
highly alkaline solution, generally red or purple, which on evaporation leaves a dark 
uncrystallised residue. 

Dihromo-dipyridiney is precipitated on adding bromine to a solution of 

dipyridine hydrochloride or hydrobroinide, as a white powder, insoluble in water, 
slightly soluble in cold, more soluble in hot alcohol, from which it is deposited in 
flattened needles on cooling. It is very feebly basic and somewhat unstable. 

The oily base formed, together with dipyridine, as above described, appears to he 
a physical isomeride of dipyridine ; it boils at a somewhat lower temperature than 
the latter, undergoing partial decomposition at the same time. 

The light bases formed when pyridine is heated with sodium (p. 977) contain 
more hydrogen than pyridine, and appear to be included in the general formula 

PTROATOXTSS. A ferric hydrnto, containing magnesia, occurring in the 
serpen tiniferous limestone at the Fangbars iron mine in Sweden, forming 
femi-translucent hexagonal Uibles, and containing 34 04 p. c. MgO, 23*92 Fe*Cr, 
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34*66 H“0, and 7*24 CO* ( — 99 76). Tho carbon dioxide must bo regarded as an 
accidental admixture. Tho mineral is nuriiod pyroaurito on account of its property 
of acquiring a gold-colour in the fire (Igelstrbm, Jahresh. 1867, p. 981). 

PTROC AXIS CHUT. The nieta- nu>d ificaticn of oxyphenol, C®n®0*, produced : 
a. By tho action of molting potash on meta-iodophonol. Ordinary iodophenol 
(produced by treating phenol with iodine and iodic acid) yields a mixture of hydro- 
quinone and pyrocatechin (Kdrnor, BuH. Arad. Bcig. [2] xxiv. 166). — j9. By tho 
action of hydriodic acid on gunjacol : + ill = CII*! + C'lPO* (Gorup- 

Besanez, 1867, p. 688). — y . By tho dry distillation of proUicatocluiic uckI, and, 

together with hydroquinono, benzoic aciii, benzene, and phenol, by the dry distillation 
of quinic acid (Hlasiwetz a. Barth, ihUl. 1864, p. 398, 406). It is also one of the 
products of the distillation of benzoin (Hlasiwetz a. Barth, Jahrcsh. 1806, p. 671). 

PXSOCrAXiXalC ACX]>. According to J. Personno {7^’itschr. f. Chem. [2J v. 
728), this acid acts poisonously on the animal organism, in the same manner as 
phosphorus, namely by abstracting the oxygon of the blood. 

Pyrogallic acid heated with picric acid and a little water unites with the picric 
acid, forming a compound which crystallises in large laminie, and blackens slightly 
on exposure to the air (Be Luynos, tVnV/. iv. 7(>3). Jly oxidat ion with silver nitrate, 
permanganic acid, and other reagents, it yields piirpurogallin (p. 077). 

PYRO-XSOXIKAXiXC ACX1>. C“I1"0‘. — An acid produced by tho action of heat 
on isomalic acid (p. 763). 

PXRO-XTARACXSMXC ACXB. CHHO*.— An acid f.irmod by tho dry distil* 
lation of itatertaric acid (p. 762). 

PXROMXrCXC ACXB. C'HTP (Limpricht, ZeUschr, f. Chem. [2] v. 609).— 
For the preparation of this acid, Tampricht gives tlio preferonco to Ulrich’s method 
of treating furfurol with alcoholic potash (iv. 763); tho product amounts to 33 p. c. 
of the furfurol employed, 

Pyromucic acid in aqueous solution is decomposed by bromine, yielding tho 
compound ; thus : 


050403 H- H*0 + Br'-' - CO* •+- 2UBr + CHUO*. 


This acid is however immediately converted into the brominatod acid, C^H'BrO*, 
which distils over and solidifies in white feathery crystals, convertible by sodium- 
amalgam into a transparent li<juid of low }>oiling point, hkving tlie composition 
(’*1P0*. The compound C^U’*BrO* is converted by further oction of the bnjmino 
into C'‘H*Br*0*, which when troato<l with silver oxide, or when its aqu(v)us solution is 
evaporated, exchanges its bromine for hydroxyl, and is converted into maleic or 
fumaric acid, Tlie dibrominalc<l acid, C‘H*Br‘'0*, is still further converted 

by the free bromine into CHlBr^'O*, which also, when tho solution is evaporated, 
exchanges 1 at. bromine for liydroxyl, and is converted into mucobromic acid, 
(’‘JPBr^O^ (iv. 763). 

L.mpricht regards the compounds of the pyromucic group as derivatives of tho 

nOzziCll 


hydrocarbon 


H 




I^YROPBOSPKAMXC ACX1>8» See Phosphamtc Acids (p. 930). 

^'^ROPHOSPHATBS- Sec Phosphoric Acids (p. 940). ‘ 

PXROXtACSMXC ACXX>. This acid is formed by gradually heating 

rjiccmic acid in sealed tubes to 180° with hydrochloric acid (Geuther a. Riemann, 
Zeiischr. f. Chem. [2] V. 318). Acconling to Wicholhaus (Jahresb. 1867, p. 403; 
further, Ch. Pharm. clii. 260), it does not exhibit the charact.ers of an oxyacid. 

On mixing it with excess of phosphorus pentachlorido, and heating tho mixture to 
boiling after phosphorus oxychloride has been formocl, then pouring it when cold 
into water, the water takes up ordinary pyroracomic acid (altered by boilingb which 
niay be extracted from it by ether. Hence it appears that pyroracemic acid aoes not 
contain any alcoholic hydrogen. Wichelhaus represents it by the constitutional 
formula CH* — CO — CO*H, regarding it as homologous to carbacetylic acid and 
glyoxylic acid, (C*H*0»). 

Pyroraceinic is not reduced by hydriodic acid or attacked by acetyl chloride at tho 
boiling heat. Pyroracemates subjected to dry distillation in contact with acetates 
yiold acetone and pyrotartaric acid (Wichelhaus, Zeiischr. f. Chem. [2J| v. 264). 

pyroracemic acid heated in a sealed tube with 1 mol. bromine is converted 
into dibromolactic acid, CH*Br — CBrOH — CO*H (Wislicenus, p, 771). 

3 R 2 
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Bromopyroracemic acids fmono- and di-) are formed by heating pjToracemic 
acid to 100° in a sealed tube with 1 or 2 mol. bromine and water. The dibrommafed 
acid is more easily otained pure than the monobrominated acid, and may be extractwl 
from the water by ether. It crystallises from aqueous solution in large rhomLic 
tables, which contain C*H®Br*0* + H^O, and give off their 1 mol. water even ou 
exposure to the air, more quickly in a vacuum. The effloresced acid crystallises from 
anhydrous solvents in long needles melting at 89®-91°. If the acid during its 
preparation be exposed for a long time to a high temperature, it is decomposed, with, 
formation of pentabromacetone, C“HBr*0 : 

CHBr»— CO— CO^H + 3HBr = 2^0 + CHBr*— CO— CBr». 
Dibromopyroracemic acid is decomposed by silver oxide, giving up all its bromine, 
and being converted in the cold, chiefly into mesoxalic acid, C*H^O* ; at a gentle boat 
silver is separated, and carbon dioxide is evolved. It is carbonised by alcoholic 
ammonia, but aqueous ammonia converts it into imido-pj/roracemic and, 
OII(NH) — CO — CO-H. This compound possesses but slightly acid properties, ami 
crystallises indistinctly ; it unites directly with nitric acid, and gives with silver 
nitrate a white curdy precipitate, containing C®HAg(NH)0’*. AgNO*. Monobromo- 
pyroracemic acid has been obtained only as a syrupy liquid, which when treated with 
silver oxide, gives off' carbon dioxide, as soon as the liquid becomes neutral, oven at 
low temperatures. At a gentle heat silver acetate is produced (Wichelhaus, he, cit.), 

PTOOT.A.lfcT/LRXC A.CZ2>, C^H'^O^, is produced by heating pulverised tartaric 
acid to 180° in sealed tubes with hydrochloric acid (Geuther a. Riemann, Zeitschr. f. 
Chem, [2] v. 318); also, as above observed, by heating pyroracemates with acetates 
(Wichelhaus); also, together with several other products, by fusing gamboge with 
potash (Hlasiwetz a. Barth, p. G28). 

The chloro-t bromo-^ and iodo- derivatives of pyrotartaric acid are formed, not 
from that acid itself, but by direct addition of Br=^, CT-*, or of HBr, HCI, HI, to 
the pyrocitric acids, and they exhibit different modifications, accordingly as 

tliey are formed from citraconic, itaconic, or mosaconic acid. (See Acids, Oroanic, 
p. 49.) The dibromo-compounds, obtsiinod by addition of bromine to those acids, 
were discovered by KokuU, and are described in vol. iv, pp. 773, 774. The monu- 
chlorinated, monobrominated, and monoiodated derivatives have been studied ly 
Swarts {Bull. Acad, Bely. [2] xvii. xix. ; Instit. 1865, p. 23; 1866, pp. 323, 358 ; 
Jahresb. 1865, p. 392 ; 1866, p. 404) ; they are formed by addition of HCI, HBr, and 
HI, to itaconic, citraconic, and mesaconic acid respectively. 

Citramonochloropyrotartaric acid, C^H’CIO*, formed by heating citraconic 
anhydride to 120® for two or three hours with an equal volume of strong hydrochloric 
acid, crystallises from ether in nacreous laminae unctuous to tlie touch. Both in tlie 
dry state and in solution it is decomposed by the sliglitest elevation of tomporaturo 
into hydrochloric and mesaconic acids. Heated with bases, it is resolved, like citra- 
dibromopyrotartaric acid, into carbon dioxide and croton ic acid : 

C*H^C10« = + HCI + CO*. 

In cold water it dissolves without decomposition, and the solution is not precipitated 
by silver nitrate ; but on gently heating it, a precipitate of silver chloride is formed. 

Itamonookloropyrotartaric acid is formed by heating pulverised itaconic 
acid to about 130° for three hours with 2 pts, of very strong hydrochloric acid, 
washing the protluct with cold water, and recrystallising from water or alcohol. It 
forms white lustreless nodules or crystals, like those of pyrotartaric acid, inodorous, 
and having an agreeable sour taste. It molts at 140°-1 45°, remaining liquid for a 
long time, and boils at 225°-230°, forming water, hydrochloric acid, and an oily 
anhydride which crystallises after a while, and is reconverted into the original acid. 
Heiited to 150° in a stream of diy air, it gives off water, and leaves the anhydrid**, 
which, however, cannot be obtained pure, in consequence of simultaneous loss of 
hydrochloric acid. Hot water converts itintoitamalic acid(p. 761): 

C^WCIO* + H*0 = HCI + 

The same decomposition is produced by strong bases ; but the solution saturated with 
ammonia deposits sal-ammoniac on evaporation, and the mother-liquor contains 
mesaconic acid. Treated with silver oxide, it yields, together with silver chloride, 
the silver salt of paraconic acid, isomeric with itaconic acid, but monobasic 
(p. 760). JSthylio itachloropyrotartrate, C*H*C1(C*H*)*0*, is obtained, by saturating 
the alcoholic solution of the acid with hydrochloric acid gas, and rectifying the liqn'jJ 
pirecipitated by water, as a colourless bitter liquid, which boils at 250°-252°, with 
iLrmation of a small quantity of hydrochloric acid. 
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Jdesamonochloropyrotartaric acid\B formed by repeatedly heating mesacouic 
acid to 160® with very strong hydrochloric acid. The solution of the product 
deposits on evaporation, first lustreless nodules of unaltered mesacouic acid, then 
small shining crystals of the much more soluble chlorinated acid. The latter melts 
at 129®-130°, and is resolved by boiling with water into hydrochloric and niesaconic 
acids. It is converted by bases into crotonic acid. 

Itadichloropyrotartaric aoid^ formed by addition of chlorine to 

itaconic acid, is very soluble, forms large crystals, and is decomposed by boiling its 
solution. 

ftamonohromopyroiartaric acid, C^H’BrO*, is prepared, like the chlorinated 
acid, by heating itaconic acid for half an hour to with concentrated hydrobromic 
acid ; also, though less advantageously, by the action of bromine on pyrotiirbiric acid 
at 120® ; also by the action of liiming hydrobromic acid on itamalic acid: + 

HBr = H‘^0 + C^H^BrO*. It melts at remaining liquid for a long 

time, and boils without decomposition at about 250®. It is less easily decomposed 
by boiling water than the chlorinated acids, and reacts exactly like the latter with 
bases. Ethyl itahromopyrotartrate is obtained by heating the acid with alcohol to 1 10° ; 
the product precipihited by water boils, with partial decomposition, at 270®— 276®. 

Itamoniodopyrotartaric acid, C^II’10% is prepared by heating itiiconic acid 
somewhat in excess with hydriodic acid to 150® in an atmosphere of carbon dioxide : if 
an excess of hydriodic acid bo usetl, pyroUirtaric acid will bo likewise formed. The 
liquid purified from free iodine by treatment with mercury, deposits, on evaporation 
fjver sulphuric acid, dull nodular groups of cryst:il8 of the i<xlatod acid (mixed with a 
little itaconic acid), which become colourless by repeated crystallisation from water. 
Thev melt at 135®, and docxjmposo at 185®, with ovohition of iodine. Boiling water 
proJuces only slow decomposition. The acid heated with hydriodic acid is reduced to 
pyro tart, trie acid, with separation of icKline. Heated with alcohol containing hydro- 
chloric acid, it yields ethylic itamono-icKlopyrotartrate. 

Citra-iodopyrotartaric acid cannot be isolated. When citracnnic anhy- 
dride is heated with fuming hydriodic acid, a brown crystalline mass separates on 
cooling, which when submitted to purific^itiori, is resolved into hydriodic and mosaconic 
acids. Since however pyrotartaric acid is obtiiined by continued heating of citraconic 
anhydride with fuming hydriodic acid, it may bo supposed that citra-iod<jpyrotarUji.ric 
acid is formed as an intermediate product. 

P'TJtOTltrrA.JlT^JtXC (Wislicenus a. Stadnicki, Ann. Ck. 

l*harm. cxlvi. 306). — A crystalline acid formed, together with pyrotartaric acid, by 
the dry distillation of tartiiric acid : SC^IHO® =» + 5CO* 4- 5H*0. It is 

obtained most abundantly by somewhat rapid distillation, but always in very small 
quantity, not exceeding 0*02 p, c. To sopirato it, the products distilling between 
120® and 180® are subjected to repeated fractional distillation. Nearly pure pyrotar- 
taric acid is then obtained between 160®*Had 170®, and between 180® and 210®, a series 
of gradually diminishing fractions, which as they cool partly deposit the pyrotritar- 
taric acid in needle-shaped crystals. On dissolving these products in boiling water, 
whereby the admixed pyrotartaric anhydride is converted into pyrotartaric acid, and 
filtering at the boiling heat through wetted filters, the pyrotri tartaric acid separates 
on cooling in yellowish needles, which may be purified by recrystallisation from 
boiling water with addition of animal charcoal. Pyrotartaric acid crystallises from 
the mother-liquors. , 

Pyrotri tartaric acid forms colourless shining needles, soluble in about 400 pts. of 
boiling water, less soluble in cold water, easily soluble in alcohol and ether, and 
crystallising from the latter in short thick prisms. The solutions have a decided acid 
reaction. The acid melts at 134-5®, sublimes even below this temperature, in small 
needles, and easily p.asses over with vapour of water. The pyrf)tritartratos of the 
alkali -metals are easily soluble in water; probably also those of the alkaline-earth 
metals. The load and silver salts are white precipibitos, insoluble in water, and 
becoming crystalline when immersed therein. 

The acid treated with phosphorus pentiichloride is converted into the chloride 
C^H’0*C1, which, however, is immediately reconverted by water into pyrotritartaric 
acid. Wislicenus and Stadnicki regard this acid as a ketoriic acid, C*II^ — CO— -COOH, 
although no hydrogen can be introduced into it by the action of sodium-amalgam. 
Frt>m its properties it might rather be supposed to belong to the aromatic group. 

See Auarrs. 

l^nutOlki C*H‘N. This compound may be prepared by heating ammonium 
mucate with glycerin in a retort to lS0°-200°, the resolution of the ammonium salt 
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intx> pyrrol and ammonium carbonate then proceeding more regularly than by 
distillation. Silver oxide is reduced by pyrrol, with formation of a sublimable, easily 
soluble acid, which forms spiringly soluble compounds with silver and lead V Gold- 
schmidt, Zeitschr. f. Chem. [2] iii. 280). The body thus formed reduces silver oxide 
almost as strongly as pyrrol itself ; hence it is probable tliat the oxidation of pyiTol 
by silver oxide might be carried much further (Lubavin). 

Sodium acts but slightly on pyrrol ; but 'potassium acts very strongly, with great 
rise of temperature and evolution of gas, forming a thick, nearly colourless liquid, 
which solidifies in the crystalline form on cooling, and probably consists of potas- 
sium-pyrrol, C'*H^KN, inasmuch as, when treated with water, it yields unaltered 
pyrrol, and is converted by ethyl iodide into c thy 1- pyrrol. The latter may be 
prepared by gradually adding 1 at. potassium and 1 mol. pyrrol to a mixture of pyrrol 
with 5 to 7 parts of ethyl iodide in a flask with upright condenser, assisting the action 
by a gentle heat, afterwards removing the excess of ethyl iodide by distillation in a 
water-bath, and distilling in an oil-bath. The resulting liquid subjected to fractional 
distillation yields ethyl-pyrrol between 155° and 175°. Ethyl-pyrrol is a colourless 
liquid, soon however turning yellow and rod. It has a peculiar turpentine-like odour, 
quite different from the ethereal odour of pyrrol. It is not perceptibly soluble in 
water, but floats upon it as an oil; becomes resinised by contact with air or by hetitiiig. 
It dissolves in hydrochloric acid, with copious evolution of white fumes, forming a dark 
red liquid, which does not deposit any solid substance on boiling, whereas pyrrol when 
heated with hydrochloric acid, becomes quite solid, from formation of pyrrol-red. 
Potash added to the solution boiled with Iiydrochloric acid, throws down an amorphous 
substance. The vapours of ethyl-pyrrol colour a deal-shaving moistened witli 
hydrochloric acid red, just like pyrrol itself (Lubavin, Zeitschr. f. Chem. [2J v. 399). 


Q 


<^lfEKCZTRXlir and Q,TrfiRC£TZlflr. Bochleder a. Kawalior have obtained 
quercitrin from the fully-developed leaves of the horso-clicstnut, by fractionally preci- 
pitating the extract with basic lead acehito. Separated from the lead salt and dried 
at 100° in a vacuum, it gave by analysis numbers agreeing with the forrnulu 
with 1, 2, 2|, and 3 mol. H'O. The quercetin produced from it was com- 
posed of (Wien. Akad. Ber. Iv. [2] 46; Jahresh. 1867, p- 7*11 )-^ 

According to Bochleder (loc. cit. p. 211), the yellow colouring matter of the stem-bark of 
the apple-tree consists of hydrated quercetin having the same composition. Gintl 
(Zeitschr. f. Chem. [2] iv. 732) has found quercetin in the loaves of the ash-Ircc 
gathered towards the end of spring. 

<]>'D'Z]0'IC ACZ1>« This acid occurs, together with rubichloric acid and 

a small quantity of citric acid, in the herb of Galium Mollugo (F. Oeliren, ZeiUchr. /. 
Chem. [v] iii. 28). 

Quinic acid treated with 5 mol. phosphorus pentachlorido yields chlorobonzoyl 
chloride, together with phosphorus oxychloride and hydrochloric acid : 


+ 5PCP = C^H^Cl-0 -f- 5POCl> -t- 8HC1. 


By fusion with 4 pts. potassium-hydrate it is converted into carbohydroquinonic 
acid; 


-4- m + 2H20 


(Graebe, Ann. Ch. Bharm. cxxxviii. 197). 

— This base, isomeric with quinine, is, according to 
I>e Vrij (Pharm. J. Trans, xvi. 401), identical with the base first described in 1833 by 
Henry a. Delondre (J. Pharm. [2] xix. 623) as crystallised quinine-hydrate, and with 
the i8-quinine obtained by Van Heijningen (Jahnsb. 1849, p. 371) from commercial 
quinoi'dine (v, 26). 

F. Koch, on the other hand (N. Jahrh. Phirm. xxii. 240; Jahresh. 1864, p. 444 )» 
regards the base usually called quinidine as distinct from ^S-quinine, the latter 
according to his observations, occurring in all cinchona-barks, esp>ecially in Pibiy*^ 
bark, the former^ Carthagena, less frequently in Pitayo, never in Calisaya bark; 
but the differences do not appear to bo very well made out. 
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D© Vrij (Jakresb, 1866, p. 473) finds quinidino (or /3-quinine) in all samples of 
commercial quinoidine; but in consequence of the presence of a substance which 
accompanies it in the extracts and interferes with its crystallisation, it cuin in many 
cases be made to crystallise only by mixing? the oxalic acid solution of quinoidine, 
concentrated by evaporation, with a saturated solution of potassium iodide, and 
cautiously adding small quantities of alcohol of 80 p. c. till the milky turbidity 
pnxiuced by the potassium ioditle has disappeared, and the viscid precipitate has 
retlissolved. The hydriodide of quinidino then separates after a while as a sandy 
crysbilline powder, especially after prolonged stirring with a glass rod. 

According to van der Burg (Zeitschr. anal. Chem. iv. 273; Jakreab. 1865, p. 438), 

1 pt. of quinidino dissolves at 19^^ in 80*90 pts. of other. 

Neutral aqueous solutions of hydrochloride and sulphate of quinidine give with 
potassium iodide a white amorplious precipitate, which separates in the crystalline 
stiite from solution in boiling water, and is sparingly soluble in alcohol. Acid solu- 
tions of quinidine salts mixed with potassium iodide gradually deposit the acid 
hydriodide in yellow or light rod microscopic crystalline tui'ls. liti siwctiiig the 
estimation of quinidino by potassium iodi<lo, see Cinchona- «auk (p. 461). 

Plutinosocyanide of QitinUline, 2(C"»H‘"'NW. HCy). PtCy'^ -H 3 ir^O. is amorphous, 
dissolves in 2273 pis. water at 20^, in 91 pts. at 100*^; in less than 3 5 pts. of alcohol 
(sp. gr. 0*8 at 16*^), and in all proportions at the lM)iling heat. The acid platinoso- 
cyanido, 2UCy . PtCy% is cryst.alliiio ; dissolves in 1923 pts. water at 19*5®, 

in less tluin 4 pts. at 100° ; in 2353 pts. of the same alccdiol at 17°, and in 1371 pt-s. 
at the boiling heat. Both those salts are insoluble in dilute sulphuric acid (Van dor 
Burg). 

QirXNnrzs. The solubility in water of anhydrous quinine and 

of the trihydrato have been doterminod by F. Scstini {ZeUschr. anal. Chon. vi. 359). 

c. c. Water 
at 20®" aUOO® 

1 grm. of Anhydrous Quinine, <lissolvos in 1667 1428 

1 grm. of the Hydrate, C‘®H2*N20*- + 3IPO „ 902*5 773*4 

Although quinine is somewhat .soluble in moderately concentrated solutions of wiustic 
potash or scxla, its solubility in water is nevortholoss diminished by the presence of 
alkalis, especially of soda : hence in the process of preparation it is advisable to pro- 
cipitate the base with sixla (St^tini). According to van der Burg {Jahresb. I860, 
p. 438), 1 pt, quinine dissolves at 22° in about 23 pts. ether (sp. gr. () 7'i at 18 ). 
When quinine is separated from the aqueous solutions of its salts by caust ic sfxla, urul 
the liquid is shaken up with ether, the quinine dissolves in a Hmaller (quantity of 
ether (12 5 pts.). Quinidine and cinchonine, on the other hand, show but little incroase 
of8olubilityunderthc.se circumstances. But a mixture of quinine, quinidino, and 
cinchonine exhibits different relations of solubility, the quantity of ether rerjuirod 
to dissolve the cinchonine not being sufficient to take up the (piinine and quinidine in 
addition. . . . . 

For the estimation of quinine, Sestini evaporates the solution of a quinine salt in 
water acidulated with sulphuric acid, to dryness with sodiuni carbonate ; washes the 
residue with water ; dries the residual base at 100°, and weighs it. The quantity of 
quinine dissolvoil in the wash-water is ascertained by treating the evaporated residue 
with alcohol, again evaporating the filtrate in a platinum <lish, and i^iting the residue 
previously dried at lOO*^ and weighed. Respecting van der Burg’s nntethod of esti- 
mating quinine in barks, see Cinchona-barks (p. 461); for Kdrnor’s method of 
estimating the quantities of oilier cinchona-bases in commercial quinine, founded on 
the different degrees of solubility of the free bases and their sulphates in aqueous 
ammonia, see ZeiUchr. f. Chm. i. 150; Jahresh. 1862, p. 619. 

The amorphous precipitate formed by ammonia in solutions of quinine salts is 
anhydrous at first, but quickly changes, espociallf dn presence of free arnmonia, into 
the crystalline trihydrate + 3ll'‘'0, consisting of fimr-sided prisms 

terminated with domes, distinguishable -by a lens. This hy<lrate gives off* its water 
(14*2 p. c.) over sulphuric acid ; dissolves in an eipial weight of ether at 10° ; melts at 
57°; anhydrous quinine at 176'8° (Hesse, Ann. Ch. Vharni. cxxxv. 325; fahfesbt 
1865, p. 441). 

The following quinine salts have been examined by Hesse: 
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Hydrochloride, . HCl -j- 2H^O, long asbestos-liko prisms ; anhydrt^u; 

at 120®; sol. in 39*4 pts. water -ii 
10° 

Dihydriodide, 2111 + 5H*0, prisms and laminse; anhyd. at 120'’ 

Benzoate, C’II®0^ small prisms, sol. in 373 pts. wattr 

at 10°. 

Eugenate, long silky prisms, melting to an oil 

in boiling water; soluble in 12 pts. 
ether at 10°; melting, with losa of 
acid, at 110®. 

Oxalates, + 6H*0, long prisms; efflorescent; sol. in 

1030 pts. water at 10®. 

(j2ojj[24^2Q2 Q2j^2Q4 ^ IPQ, Small prisms, easily soluble in cold 

water. 

Succinate, + 8H^O, long white prisms, easily sol. in hot 

water or alcohol ; sol. in 1030 pts. 
watfir at 10®, 

Citrates, 2C‘®H2'NW. C«n'’0’ + TH^O, prisms, sol. in 930 pts. water at 12°. 

prisms, slightly sol. in water. 

Phosphate, 2C*®JEI'‘^‘N*0'^. Pli^O* + SH^O, tufts of long needles, sol. in 784 pt*. 

water at 10®. 

Arsenate, 2C‘®II-^N*0^ . AsH^O^ + 8H'^0, long prisms, easily soluble in hot, 

sparingly in cold water. 

Zinco-chlorides . — An alcoholic solution of quinine mixed with zinc chloride, and then 
with sufficient hydrochloric acid tx) redissolve the precipitate, deposits flattened prisms 
ofthe double salt 2(C‘®JP^IS'20^2HCl).ZnCP + 2H20. A solution of this salt in 
dilute sulphuric acid, or a hot alcoholic solution of acid qiiinine hydrochloride mixed 
with zinc chloride, yields the salt 2(C“®IPW02. 31fCl) .ZnCf'^ + SlPO, which is ensily 
soluble, and crystallises in wavellitic groups (Grafinghuff, Soc. Chwi. [2] iv. 391), 
According to B. Hauer {ZeUsckr. f. Chem, [2] i. 481), Herapath’s sulphate of 
iodoquinine (v. 25) has, when dried over sulp>huric acid, the composition 
4C^®1P^K'''0^. 3H^SO^ . 1® -h 3H“0, and gives off its water (2*24 p. c.) at 100® in a 
stream of air. Quinine acetate likewise forms a crystal lisable compound with iodiiio. 

A very dilute solution of quinine mixed with about 3 mol. hydrochloric acid and 
3 mol. potassium iodide, and left to itself in a loosely covered vessel, deposits crystals 
of the compound 4C'^®ir^*N‘‘’0^. 3HC1 . 3HI . I‘. Ilorapatlfs salt may be obtained in a 
similar manner. A warm alcoholic solution of 7nethyl-quininp hydriodldey mixed with 
a sufficient quantity of iodine and left to cool slowly, deposits black prisms of mithyl- 
quinine tvi-iodide, C“®H-^®(CH’)N*0-. ITr"^. An isomorphons compound of othyl-qiiininf 
is obtained in a similar manner (Jorgensen, Zeilschr. f. Ckem. [2] v. 674). 

Plaiinosocyanides . — The neutral salt, 2(C'‘®iH^N'^02 . HCy) . PtCy^ + 2IP0, ii 
obtained by adding plati nous cyanide to a warm solution of neutral quinine sulpdmtc, 
as an amorphous precipitate, melting witli decomposition at 150®-! 60® to alight 
brown liquid ; not sensibly soluble in dilute hydrochloric acitl. The acid sad, 
Q2ojg;24j^2Q2 2lICy .PtCy* + 2H‘^0, obtained in like manner with acid quinine sul- 
phate, forms microscopic tabular striated crystals, which cannot be dehydrated without 
decomposition, and are but slightly soluble in dilute acids. Of alcohol of sp. gr. 0-8 
at 16°, tho neutral salt dissolves in loss than 6 pts. at 18®, and in all proportions at 
the boiling heat; the acid salt in 1270 pts. at 19®, and in 834 pts. at tho boiling heat. 
Of water, the neutral salt dissolves in 1852 pts. at 18®, and in 56-5 pts. at 100°; tho 
acid salt in 1361-3 pts. at 18‘5®, and in 20 pts, at 100® (van der Burg, Jahresb. 1865, 
p. 440). 

A compound of quinine and phenol^ C®II*0; is obtained by gradually 

adding an alcoholic solution of 8*72 pts. quinine sulphate to an alcoholic solution of 
3 pts. potassium phenate, filtering after 24 hours, and evaporating at a gentle heat. 
It forms beautiful crystals, easily soluble in alcohol and acids, nearly insoluble ia 
water and ether (Romei, T^itschr. f. Chem, [2] v. 383). 

Bihydroxyl-quinine, C=®H'^«NW = C'^®K2«N20».(HO)* = C2®H*^N20* + 
H^O + O (Keruer, Zettschr. f, Chem, [2] v. 593). — A compound produced by treating 
quinine with potassium permanganate in quantity not sufficient to produce complete 
oxidation. When about 1 pt. of tho permanganate is used to 2 pts. of quinine, about 
a thi:^ part of the quinine is converted into dihydroxyl-quinine, while another portion 
remains unaltered, and a third portion is converted into ammonia, carbon dioxide, and 
greasy resinous products rich in carbon. It is also formed in tho passage of quinine 
through the animal organism, being found in small quantity in tho urine. 
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Dihydroxyl-quinine crystallised from water with addition of animal charcoal forms 
small, hard, colourless prisms having a vitreous lustre ; from alcohol it ciystallises 
in long, silky needles. The crystals contain It dissolves but 

sparingly in water and in alcohol, more freely in presence of free alkali or of a largo 
tjuantity of a strong acid ; in very dilute acids, on the contrary, it is less soluble 
than in pure water. It is tasteless and neutral to vegetable colours, but resembles the 
alkaloids in being precipitated from aqueous and acid solution by tannic acid, potas- 
sium di“iodide, potasaio-mercuric iodide, and platiiiic chloride, and from aqueous, acid, 
and alcoholic solutions by tho phosphomotallic acids of molybdenum, tungsten, anti- 
mony, and vanadium. It exhibits a blue tluoroscenco in nitric acid solution, and 
j>rod"uces with chlorine- water and ammonia a green colour similar to that obtained 
with quinine. Potassium permanganate attacks it but slowly in tho cold and in 
alkaline solution ; but when heated in acid solution with excess of permanganate, it is 
completely oxidised. Its solutions are coloured brown, like those of quinine, by 
prolonged exposure to tho sun. 

QirXirOirB and HY’BROQirZB’Oirx:. Graebo {Zeiischr. f. CJieyn, [2] 478) 
represents quiiione, tetrachloroquinono (chloranil), and hydroquinono by the following 


formulae : 



cw|g> 



Quinoue 

Tctrftchloro- 

Hydroquinone 


quinouo 



which indicate that in quinono and tetrachloroquinone the two oxygen-atoms are 
united together by one of their affinities, thereby constituting a bivalent group, 
whereas in hydroquinono this association is broken up by tho entrance of the hydrogen, 
Tho same relation holds good between chloranilic and hydrochloranilic acid ; 

C«CP(OH)' 

Chlomnilic acid Hydrochloranilic acid 

(DichlorcKlioxyqninone). (Dichlorotetroxybenzono). 

This mode of viewing tho constitution of quinono explains the circumstance that when 
quinono is acted upon by chlorine, the ultimate prcxluct is not C®C1", but only hox- 
chlorobcnzene, C*0l*, together with free chlorine. 

Of tho throe modifications of oxyphonol, C^IPO*, hydroquinono, pyrocatochin, and 
resorcin, hydroquinone is tho only one which is convertible into a compound containing 
2 at. hydrogen less, viz. quinono. Hence it appears most probable that in hydro- 
tjujnone the two hydroxyl-groups are attached to contiguous carbon-atoms, so that tho 
developed formulae of quinone and hydroquinono are : 



H H 

Hydroquinono. Quinono. 


Hydroquinono is accordingly ortho-oxyphenol (1 : 2), whereas in pyrocatochin and 
resorcin the two hydroxyl-groups occupy the relative positions 1 ; 3 and 1 : 4. 

In tetrachloroquinone two of the chlorine-atoms are easily replaceable by Oil, NH*, 
and SO*H, giving rise to such compfmnds as chlomnilamide or dichloramidoquinone, 
C*C1*(NH*)*(0®) , chloranilamic acid or dichloramidoxyquinone, C*CP(NH*)(0H)(0*y', 
&C. These replaceable chlorine-atoms appear to bo the two which are nearest to the 
two connected oxygen-atoms : for Oraebe has shown, by comparison of a large number 
of known examples, that a chlorine-atom joined to a carbon-atom is most easily 
replaceable when the same carbon-atom is also united with oxygen, or oonnected with 
another carbon-atom having oxygen attached to it. 

Brominated Quinones. 

Tetra1>romoqiiinoii« or Bromanll. C®Br*OV -To prepare this compound, a 
weighed quantity of bromine is intro<lucofl, together with pt. iodine and 6 pts. cold 
water, into a flask closed with a good cork through which passes a long tube, and a 
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qvAntity of phenol equal to the weight of the bromine is slowly poured in thr 
the tube. A violent reaction takes place, and the vessel becomes very hot 
phenol adhenng to the sides of the tube is then washed down with 5 pts 
water, and the whole is heated to 100® for an hour or two. After cooling, the seJ 
solid contents of the flask are collected on a filter, freed from motberdiqmp & 
completely as possible by means of a Bunsen* s pump (p. 617), and digested once oi 
twice in the cold with carbon bisulphide, to remove tribromophenol formed at the 
same time. The tetrabromoquinone then remains in crystalline scales, very much 
like tetrachloroquinone, which are purified by treating them once or twice with boiling 
alcohol, and recrystallising from benzol (Stenhouso, CAem. Soo, J. [2] viii. 9). 

Aniline added in excess to a solution of bromanil in hot benzol, forms bromanil- 
phonylamide, (C*II^) 2 (C«BrW)H*N*, in nearly black, crystalline laminae, which 

may be purified by washing with boiling alcohol (Stenhouse). 


Bromaalllo acid, €*Br^ 
bles. 


(ony 


2 , is prepared like chloranilic acid, which it resem- 


Nitric acid converts it into bromopierin and oxalic acid. With alkaline buI- 

((OH)* 

phitos, it yields salts of disulphodibromhydroquinonic acid, C® -j Br* 


and thio- 


l(SO»H)* 

With sulphurous acid, however, it does not appear to yield 


(OH 

cronic acid, C*- (90®H)0, 

((SO^H)^ 

the acid corresponding to Koch’s hydrochloranilic acid. 

When 3 pts. bromine are gradually added, with stirring, to I pt, bromanilic acid 
suspended in 8 pts. cold water, the acid dissolves, forming a yellow liquid, wliich after 
24-48 hours, deposits crystals of the compound C®Br"HO, which, when reerystallisdl 
from carbon bisulphide, forms colourless, transparent pidsms melting at 110*6° easily 
soluble in ether, carbon bisulphide, and benzol, and dissolving in alcohol with decom- 
position, 

Tetrabromliydroqaiiione or Bromliydraiitl, C*H*Br^O®, is formed by the 
action of aqueous sulphurous acid on bromanil, but considerable loss arises from the 
formation of secondary products. The theoretical quantity of bromhydranil may, 
however, be obtained by digesting bromanil with hydriodic acid and phosphorus. 


Trlbroxnliydroqaiiione, C®H*Br*0*, is formed, together with the preceding 
compound, when sulphurous acid gas is passed tlirough boiling water in which 
bromanil is suspend^ ; it remains in solution, and may be separated with lead 
CJirbonate, and purified in the same manner as trichlorhydroquinone (p. 987); 
product is however but small. It resembles trichlorhydroquinone in its physrciil 
properties. 

When the preceding solution was evaporated, and then mixed with potassium 
chiomato and sulphuric acid, a brownish-yellow precipitiite was formed, which, after 
recrystallisstion from dilute alcohol, exhibited tho composition of tribromo- 
quinone, C®HBr®0* (Stenhouse, loo, cit.). 


Chlorinated Quinones and Hydroquinones. 


(Carius, Ann. Ch. Pharm. cxliii. 316 ; Zeitschr. f. Chem. [2] iv. 17 ; Jahresh. 1867, 
p. 644. Koch, Zeitschr. ibid. 202 ; Jahresh. 1867, p. 646. Graebe, Ann. Ch. Pharm. ^ 
cxlvi. 1. Zeitschr. ibid. 464 ; Jahresh. 1867, p. 649. Stenhouse, Chem. Soc. J. [2] 
vi. 141 ; viii. 6), ’ 

Blcliloroqiilnone^ C®H*C1*0*, is produced by the action of chlorouii^PPfd^^ 
on benzene. On distilling the liquid, after a considerable quantity of > 

been passed into it, benzene passes over first, then chlorobenzene, and tl^i^ 
boiling above 135° solidifies almost wholly to crystals of dichloroquinone. Thefi^ '^ 
product of the action is probably dichlorohydroquinoiie, which, by the fiirtl>i)!r action 
of the chloa^ous anhydride and the benzene, is converted into chlorobenzene and 
dichloroquinone : 


1. + CPO* = H*0 + C®H«C1*0*; 

2. 2C®H® + 2C®H<Ci-0* + CPO® - 2C«H=»C1 + 2C®H*CPO* + 3H*0. 

Dichloroquinone is more easily obtained, together with chlorobenzene and tricblor^ 
phenomalic acid (p. 917), by dissolving 48 grins, benzene in 300 grms. strong sulphuric 
acid, in loosely stoppered flasks, diluting with 160 grms. water, adding 100 gmi^* 
benzene after cooling, and then gradually adding 160 gnns. potassium chlorate. At s 
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cmperature of 18° to 20°, the reaction is completed in a week. The ihisks are then 
hciitefl by immersion in water to 60°-70°; water is added in sufficimt quantity to 
^li^^t^olvu the potJissium sulphate ; and the supernatant benzene solution is separated 
Py jt pipette from the watery liquid, washed with water to remove trichlor«)phonomalic 
iicid, and subjected to fractional distillation. The dicliloroquinono may be oxtriieted 
from tlie residue by hot alcohol, and crystJiUises therefrom in deep yellow, strongly 
lustrous, short prisms and tables, often joined together by their acutor summits. In 
very dilute solution it is quickly decomp)sed by potash ur baryUv, the li(jnid ac<juiring 
a deep green, or, if excess of alkali is present, a brown colour. The change' appears 
to consist in the formation of dichlorhydrotiuinonc, together with a very unstable 
clilorinateil acid not yet examined ; 

2C«I1^CP0‘^ + KUO = C«H*CPO» + C»HKC1^0>. 

When dichloroquinono is heated w'itli saturated baryta-water, in the proportion of 
C®H*CI‘0'‘' to BaH”0^ and the baryta precipitated by sulphuric acid, dichlorhyd^ 
quinone may be extracted from the liltrate by ether, together with a humus-liko 
substance, whilst the aqueous solution retains a small quantity of an easily soluble 
amorphous acid (Carius). 

Tricliloroqulnoiie« C^UCPO'*, is produced, together with tetrachloroquinone, by 
gradually adding a mixture of 1 pt. crystallised phenol and 4 pts. potassium chlorate 
to gently warmed hydrochloric acid diluted with an equal bulk of water, then adding 
more pitassium chlorate by small portions till the separated crystals have turned 
yellow, washing these crystals with cold water, and finally (ligesting them with cold 
alcohol, as long as this liquid acquires a yellow colour. This product (as also that 
ohtainetl in like manner from phenylsulphuric acid or from sal icin, v. 29) is a 
mixture of tri- and tetra-chloroquiuono in al>out equal quantities. These two com- 
p)unds cannot be sepanitod by cryshil I i nation from alcohol, but their separation Js 
easily effected by first converting them into the corresponding hydroquinones. For 
this purpose the crystiiUino mass is suspended in water and satn rated with sulphurouB 
acid, then left to itself for 24 hours, heated to boiling when it has become colourless, 
and the residue is repeatedly boiled with water, which takes up the greater part of 
the trichlorhydroquinoiio, leaving the tetrachlorhydroquinone mixed with a small 
t^^Ufintity of trichlorhydroquinoiio. The trichlorhydroquinone separates from tho 
iplution in large cryshils. On slowly dropping nitric acid into the hot filtrate, 
Altrogen dioxide is given off, and trichlorcxjuinono iininodiatoly separates in yellow 
crystals. The same treatment may bo advantageously applied to tho mother-liquor 
of tho crysUvllisod trichlorhydroquinoiio (ferric chloride may also bo used as the 
oxidising agent instead of nitric acid). The tetrachlorhydroquinone is purified by 
recrystallisiition from alcohol, acetic acid, or benz<3l, but still retains a small quantity 
of trichlorhydidquinone, which adheres to it obstinately. By treatment with nitric 
jveid, or with pota.ssiura chlorate and hydrochloric acid, it is converted into totra- 
chloroquinone (Graebe). On the preparation and purification of these products, 866 
also Steiihouse {Chem. Soc. J. [2] vi. 208). ^ 

TrichlorfXjuinone prepared as above agrees in all its properties with that which 
Stadeler obtained (v. 28) from quinic ftcid (melting point 164° to 166° ; Staxloler 
found 160°). Dilute potash colours it green and then dissolves it with red -brown 
colour, forming chlorauilic acid, the potassium salt of which separates alter a while 

liQ * 

f ‘ C^'HCPO-' -f 2KHO = C«CF(KO)W -h UCl + W. , 

^llpephofiUi pentachloride does not act on trichloroquinono under ordinary pressure ; 
bi^ the mixture to 180°-200° in a sealed tube, with addition of phosphorus 

mo trichloroquiuone is converted into p orch lor obenzene, according 
on : 

C-HCFO* + 2PCP - C«C1« -e 2POCF + HCl. 

"WitK iLCttyl chloride, trichloroquinone forms diacotyl- tetrachlorhydro- 
quinone; 

C»HCPO* + 2C2H»OCl - HCl + 

Trielilorliardroquliione, C*H*CPO'^, preparwl as above, crystallises in large 
Jf^iping prisms, which become turbid in cfjntact with the air. It melts at 134° (at 
1^0° according to Stadeler, iii. 216), dissolves springly in cold water, more eiisily in 
bot water (in which it fi^rst melts), very easily in alcohol and in ether. The aqueous 
solution gradually turns brvjiwn in contact with the air, from formation of hqxchloro- 
quinhydrone. Lead acedate throws down from it the lead salt, C«HCl*0''*Pb, which 
ditmolvcs easily in acetic acid, and turns brown when exposed to the air in the ino!st 
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state. With potash-ley trichlorhydroquinone reacts in the same manner as trichloK 
quinone. Heated in sealed tubes with potassium hydrate and ethyl-iodide, it yield 
the ethylic ether, C*C1*H(C*H*0)^ which, when purified by distillation or by rocrystil 
lisation from alcohol, forms long needles melting at 68 6^, and agreeinf^ in it 
reactions with the ethylic ether of tetrachlorhydroquinone (infra). I>incetm 
trichlorh^droguinone, C“Cl”H(C*H^O*)^, is obtained like the corresponding compouiK 
of tetrachlorhydroquinone, from which it differs by its greater solubility in alcoho 
and ether. It melts at 153° and sublimes in colourless needles. 

Trichrorhydroquinone is converted by oxidising agents into trichloroquinone, or b 
incomplete oxidation into hexchlorquinhydrone, C*'^01*H*0\ which (especially when 
cold nitric acid is used) crystallises in long black needles. Trichlorhydroquinom 
heated with 2 mol. phosphorus pentachloride is converted into penta- and hex-chloro 
benzene. On the other hand, it does not appear possible to replace the chlorine ii 
this compound by nascent hydrogen (treatment with sodium-amalgam), only smal 
quantities of dichlorhydroquinone appearing to be thereby produced (Graebe), 

Xrlolilorobromoquliione« C®CPBrO^, is formed by heating trichloroquinonf 
with bromine to 120° for some hours in a sealed tube. After washing with water, il 
dissolves very sparingly in hot alcohol, from which it crystallises in yellow bihlee on 
cooling. 

Trlel&lorobromliydroqulnone, C^CBBrH^O^, obtained by digesting the preceding 
compound with hydrio<lic acid and phosphorus, is easily soluble in alcohol, crystallises 
therefrom in long prisms, and is reconverted into trichlorobromoquinone by boiling 
with nitric acid (Stenhouse). 

Xetraobloroqulnone or Cbloronil, C*CBO“, is formed by heating potassium 
chlorauilate with 2 mol. phosphorus pentachloride (Koch) : 

C-CBK^O^ + 2PCP =» 2KC1 -i- 2P0C1» + C-CPO®. 

Respecting its preparation and purification, see page 987» It may also be prepared 
by the prolonged action of iodine chloride on phenol in presence of water. The 
resulting crystalline mass yields a quantity of chloranil equal to half the weight of 
the phenol employed (Stenhouse, Chem. Soc. J. [2] viii. 6). Heated to 180° with 
PGP, it is decomposed, with formation of POCP and carbonaceous pnxlucts. A 
more definite reaction hikes place on addition of the oxychloride. A mixture of 
1 pt. tctrachloroquinoiie, 21 pts. POP, and 2^ pts. POOP, heated for two or three 
hours to 180°~200°, yields hoxchlorobenzene, C®CP, crysUillising in long yellow 

C®CPO* + 2PCP = C«CP + CP + 2POCP. 

Xetraoblorbydroquinoxie or Cblorbydranll. C®CPH^O*. — The hydrogen 
in this compound may be replaced by metals or organic radicles. The salt which 
crystallises from its solution in potash-ley, is supposed by Graebe to have the compo- 
sition C®CP(KO)^ but is too unstable to be prepared in the pure state. 

Diethyl-tetrachlorhydroquinoney C*CP(C‘H*0)'‘*, is produced by heating 2 mol. potn-s- 
sium hydrate, rather more than 2 mol. ethyl iodide, and an equal quantity of alcohol 
to 130°— 140° for two or throe hours, and jnay be isolated by treating the evaporated 
filtrate with water, and purified by recrystallisation from ether. It crystallises m 
colourless needles which melt at 112°, sublime without decomposition, are insoluble in 
water, dissolve sparingly in cold alcohol, but easily in boiling alcohol and ether. It 
is not attacked by boiling potaeh-Iey, and is dissolved without decomposition by 
fuming nitric acid, and reprecipitated by water. Heated with hydriodic acid to 
130°-140°, it is reconverted into tetrachlorhydroquinone and ethyl iodide. 

Diacetyl’tetracMorhvdroquinoney C®CP(C*H*0^)®, is formed by the action of acetyl- 
chloride on tetrachlorhydroquinone at ordinary temperatures : 

C®CP(HO)* + 2C^H>OCl *= 2HC1 + C®CP(C*H*0»)* 

The action is completed by gentle heating with excess of acetyl chloride ; the latter is 
then distilled off, and the p3?»^uct is purified by washing with water and soda-ley« and 
final sublimation. The same compound is obtained by the action of acetyl dilonde 
on trichloroquinone (p, 987). It forms colourless shining needles, melting at 24o , 
insoluble in water, slightly soluble in cold alcohol and ether, abundantly in 
alcohol. With potash-ley and cold nitric acid, it reacts like the ethyl-compound ; 
fuming nitric acid breaks up the acetyl-groups and converts the compound into tetra- 
chloroquinone (Graebe). „ 

Oiolilorodloz^qninone or ClilorflUDlllo ALoid. C*C1*H*0* « C*^^*](OH)’' 
I>iohlor 0 yyi.inoylio Acid (v. 34), — The potassium salt of this acid is prepared by addio^ 



QUmONB. 980 

chloranil moistened with alcohol, to very dilute potash-ley (containing 1 p. c. potassium 
hydrate) heated to about 60°, and agitating as long as anytliiiig is taken up ; the 
liquid is then filtered warm, evaj^oratod to one half, and strong ptitash-ley is added to 
it by drops till a quickly cooled sample solidifies in crystals. The salt then crystal- 
lises after a few nours in beautiful purplo-red prisms, and the remainder may.be 
separated from tlie mother-liquor by evaporation and passtigo of carbon dioxide 
(Graebe); see also Stenhouse {Chem, Soc. J. [2] viii. 6). 

Chloranilic acid heated with sp. gr. 1‘46 yields oxalic acid and a distillate of 
chloropicrin. By chlorine, or more quickly by imlino-cbloride in presence of water, it 
is converted into oxalic acid and a heavy oil. The acid suspended in water is 
converted by bromine into a white crystalline body, having the composition C®Br*CPHO. 
This compound dissolves easily in carbon bisulphide, and crystallises therefrom by 
siK)ntaneous evaporation in very large prisms. In alcoliol it dissolves with decom- 
position, the solution when evaporated, oven at ordinary tempenitures, giving off 
alcohol, and leaving an oil. It dissolves easily in benzol and in ether, melts at 79'6*^, 
and distils without decomposition. It does not appear to be atUickod by boiling 
sulphuric acid (Stenhouse). 

Ethyl Chioranilate^ C®CP(C^II')‘0^, obtained by decomposing silver chlor}\nilate 
with ethyl iodide, crystallises in smooth bright red prisms, melting at 107°, soluble in 
benzol, light American oil, C4irl)on bisulpliido, and ether, nuKlorately soluble in alcohol, 
somewhat soluble in boiling water (Stenhouse). 

Hydrochloranillc Jkclcl or mcblorotetraliydroxybenzene. C*’CPII*0^ 
C®Cl“(HO)* (Koch ; Graebe, loc. cit .). — This compniTul is produced by tht^ action of 
retlucing agents on chloranilic acid, as when sodium -amalgam is gradually added to a 
solution of the latter acid, or its ]:>otassium .salt, kept slightly acid by addition of 
hydrt>cliloric acid, till the liquid is detrolorisiHl and hydrogen begins to escape. Ilydro- 
chloranilic. acid then crystallises out, and may be pnrifuMl by wasliing with water, 
pressing between pwiper, and drying over sulphuric acid in a vacnuni. The reduction 
may also be eft'ected by tin and hydrochloric acid, or by heating chloranilic acid to 100® 
for several hours in a scaled tube witii saturatt'.d aqueous suipbiiroiis acid. When the 
Tuiuid has bec<jme colourless an<l cold, the tube is opened, tlio excess of sulphurous 
acid removed by a currout of carbonic acid gas, and the solution is left to crystallise 
out of contact with the air (Kocli). Graebe regards this last mode of preparation as 
the best. 

Ilydrochloranilic acid forms colourless noe<llo8 easily soluble in water, aIcohol,.and 
ether, inodorous, having a burning taste, and slight acid reaction. It is permanent in 
the dry state, but wbori moist is easily oxidis<*d to chloranilic acid by Lno action of 
air, chlorine, or bromine. With alkalis it forms solutions which are colon rh'.ss at first, 
but turn reel on exposure to the air, and gi’adually deposit a salt of chloranilic acid. 
The solution of :’ho acid quickly ro<luccs silver nitrate, and forms with barium clih^ride 
and cupric sulphate, on addition of ammonia, green precipitates, which quickly turn 
brown on exposure to the air. 

Hydrochloranilic Chl<fride. — When 1 mol. hyilrochlorunilic acid is 

heated with 2 mol. phosphorus ponbvchloride, hy<lrochlonc acid and phosphorus oxy- 
cldorido are given off, and the partially Ciirbonisod residue yields with water a yellow 
solution which deposits hy<lroehlomnilic chloride in colourless needles. This com- 
pmnd, isomeric with tetraclilorhydroquinono, is formed as shown by the equation; 

+ 2PCi» = c*n*cpo2.cp + 2 Poci* + 2Hci. - 

It is more permanent than the acid, dissolves with yellow colour in water and alcohol, 
and may be recrystallised without decomposition. It is distinguished from tetrachlor- 
hydroquinone by i\n easy solubility in water. Its solutions slowly decomp(jse, with 
formation of chloranilic acid, and are colouro<l dark green by ferric chloride, lleatcd 
to 100° in a stream of dry chlorine, it is converted, with evolution of hydrochloric 
acid and a volatile strong-smelling oil, into a red unctmais mass, which hardens in a 
v.acuum over quick lime, but quickly deliquesces in the air, and disK(jlves with red 
colour in water. Silver nitrate throws down from this solution a brown crysUilline 
precipitate, C"CPAg20*, which is pt^rmanent in dry air, and detonates when quickly 
heated. The product formed by the action of chlorine apt>cars therefore to be dithlor- 
hydrochl</ranilic iwid, C'K^PII'-'O* ; by water and by bases at the boiling heat it is 
quickly converted into chloranilic acid (Koch). • 

Tetraceto-hydrochlorandic acid, or Dichloro-tetracetoxyf^enzme, C*CP(C*J1»0*)\ is 
forme<l by heating hydrochloranilic acid with acetyl chloride to 100® in a sealed tube. 
On expelling the excess of aCctyl chloride on the wjiter-bath, washing the resulting 
crystals with water, and recrystallising from alcohol, the dichlorotetracetoxybenzons 
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separates in colourless needles, insoluble in water, slightly soluble in cold alcohol a 
ether, more easily in boiling alcohol. It sublimes without decomposition in 1 ,, 
needles, melts at 236°, and is very stable, not being attacked by weak oxidisi 
agents, or by cold potash-ley. Boiling potash slowly converts it into chloranilate ai 
acetate of potassium. Koch’s hydrochloranilic chloride is regarded by Grraebe as 
tetrachlorinated substitution-product of pyrocatechin or resorcin. 

Teir achlorotetroxyquinhy drone ^ is formed by the incomplete reduction 

chloranilic acid by sulphurous acid, or when hydrochloranilic acid is oxidijsed I 
exposure to the air. It crystallises in slender black needles ; is converted by oxid 
tion into chloranilic acid, and by further treatment with sulphurous acid into hydr 
chloranilic acid (Glraebe). 


Sutjpho-adds derived from the Chlorinated Quinones and Hydroquinones. 


The salt described by Hesse (v. 22) as potassium disulphodichlorosalicylato i 
according to Graebe’s analysis, the potassium salt of dichlorhydroquinone-disulphur 
acid, C®Gl^S^H®K^O®. It is produccfl by adding tetrachloroquinone to a warm dilut 
solution of acid potassium sulphite : 

f(OH)* 

C^CPO* + 3H(SO’>K) = CNC12 + 2HC1 + KHSO^ 

((SO»K)2 


Thiochronio Acid. — The potassium salt of this acid, which 

obtained by the action of acid potassium sulphite on tetrachloroquinone, is convi tii 
ently prepared, according to Graehe, by saturating a slightly warmed dilute soliiiidi 
of neutral potassium sulphite with tetrachloroquinone, separating the yellow crystnl: 
which are deposited on cooling, from the lighter white crystals of the preceding fsul 
formed at the same time, finally reciystallising it from water, and boiling it witl 
alcohol to remove the last portions of the white salt. The air-dried thiochronato lia* 
the composition C®HS*K®0” + 4n*0, and gives off 3 mol. water, at 130°. In iti 
formation, the chlorine of the tetrachloroquinone is replaced by the group SO*K, and 


tlie resulting compound, unites with 1 mol. acid poUissium sulphite, 

(OH 

forming the thiochronate, C®JO(SO*K). Heated with water in a scaled tube, it is 
((SO=’K)* 

resolved into' hydroquinone^disulphate and acid sulphate of potassium, according to 
the equation : 


(OH 

C«^0(S03K) + 3H20 
KSO^K)^ 


C® 


(OH)2 

m + 3KHSO^ 
(SO^K)* 


The crystallised salt undergoes the same decomposition when quickly heated to 
and in dilute hydrochloric solution even at 100°. The bydroqninone-disiilphato 
also produced from the thiochronate, together with acid sulphite, by the action cl 
reducing agents, as by boiling the solution with zinc-dust, or treating it with ,s{)dium- 
amalgam and hydrochloric acid. The attempt to prepare other salts of thiochroihc 
acid was not successful. 

Euthiochronic acid, produced by the action of alkalis on thiochronic acid, and 
regarded by Hesse (Ann. Ch. JPharm. cxiv, 292) as C^HhS^O®, by Greiff (Jakresh. 1863, 
p. 392) as is, according to Gracbo, dioxyquinone-disulphuric acidi 

« C*-{(OH)^ , The formation of the potassium salt by the action or 
((SO«H)2 

potash on the thiochronate, or on the dichlorhydroquinone-disulphato ^in the latter 
case with aid of atmospheric oxygen), is represented by the following equations : 


fOH 

JO(SO»K) -t- 
((SO»K)* 

Thic^ronate. 


2KOH = C® 


(or 

(OK)* 
.(SO®K)* 

Euthlochronate. 


+ 3KHSO* 

Acid sulphite. 


(OH* 

c«]ci* + 

|(SO»K)* 

Diohlorhydroquinone- 

disulphate. 


2KOH + O 


C® 


( 0 *)" 

(OK)* + 

(SO^K)* 


Eutliiochronate. 


2HC1 + H*0. 
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I'rco euthioclironic acid is obtained by exactly docomposinp the barium salt with 
Kulpluiric ifccid, and evapomting tlie solution, finally over strong sulphuric acid, and 
crystallises in yellow needles easily soluble in alcohol and ether. Tlio following siilts 
have been examined : 

Potassium salt, + 211*0. 

Sodium salt, C-S-'O'^Na^ + 11*0. 

llarium salt, C-S-O'^Ba* + 411*^0. 

Silver salt, OS-C’Ag^. 


Ifydro-e.uthiochronic or Tetroxyhenz cnc-disul phtiric acre/, C*IPS^O^* 
~ produced by the action of reducing agents on outhiochronic acid. 

The potassium salt, C®H''S=0’*K^ + 2H''0, is obtained, by boiling the euthioehronate 
with tin and hydrochloric acid, till the solution is decolorised, and oraporating the 
filtrati*, in colourless prisms, wliich in the moist state quickly turn red by oxidation. 
It is slightly soluble in cold, more easily in liot water, forming a solution which 
oxidises in the air in presence of free alkali, reduces silver nitrate in the cold and 
mercurous nitrate at the boiling heat, forming a sjilt which crystalliseH in red needles ; 
ferric chloride colours the solution dark brown-rod. The sodium salt, C^IPS'^O'^Na* -t 
211'-^0, is prepared in like manner, and exhibits similar characters. 


Jlydroquinone-disulphuric Acid. C*(01{)‘I1'^(.S(PH)^— This acid, produced, 
as above mentioned, from thiochn'>nic acid by beating with water or hydrochloric acid, 
is different from that which Hesse obtained by treating quinic salt, with snlphuric acid 
(iii. 217). Gmebe distinguishes this latter as a, and the acid produced fnmi Ihiochronic 
acid as k hydroquinone-disnlphiiric acid. Tlie free ^ acid is obtained by proci pita ting 
the potassium salt with lead acetate, decomposing the precipitsite with hydrogen 
sulphide, and evaporating the filtrate t-o a syrup over .sulphuric acid. Jt crystallise-^ 
in deliquescent tables, easily soluble in alcohol, insoluble in ether. Its str<mgly acid 
solution is coloured blue by ferric chloride. 1^\\m potai^simn *alt^ -e 4TPO, 

separates from the hot aqueous solution in large prisms, with ohiiipie end-faces ; givea 
off its crystallisation-water over sulphuric acid; dissolves very easily in hot, very 
sparingly in cold water, and is insoluble in ulcoh«)l. The solution has a niutrnl 
reaction, is coloured deep blue by ferric chloride ; is not )>rcx‘ipitatod by barium or 
calcium chloride, and witli aid of heat reduces morcurie tf> mercurous chlorhle, silver 
nitrate and mercurous nitrate to metal. 

Triohlorhy dr oquinone- sulphuric Acid. C*- CP .-—The potasiium salt 


of this acid, C*(OH)*CPSO’'K -f H^O, is formed, together with euthioehronate, by 
dissolving trichloroquinone in neutral potassium sulphite, and separates in colourless 
microscopic crystals- It reacts like the potassium salt of the preceding Hci<l, hut i» 
soluble in alcohol. The solution mixed witli potash turns retl in contact with the 
•air, and gradually deposits the potassium-salt of monochloro-dioxyquinonc-sulphuric 
acid. The free trichlorinaUd acid, C*H®Cl'*SO*‘, prepared like the preco<iirig acid 
from the lead salt, crystallises in deliquescent nee<llos easily soluble in alcohol and 
ether. 


Potassium Monochlorodioxyqtfinon€-sulphatefC^O\i^O'’K^ -f 211*0, cry- 
stallises from a solution of pjtassiiim triclilorhydrocjuinono-sulphate mixed with potash 
and expensed to the air, in red needles, while yellow-brown salts forrneil at t ho ^amo time, 
but not yet examined, remain in the mother-liquor. It is easily soluble in water, both 
hot and cold, less soluble in alkaline liquids, insoluble in alcohol. Calcium chloride 
added to the aqueous solutif)n throws down a rod-violet precipitate. Hydivjchloric 
acid added to the concentrated solution throws down the acid salt C*C1H*80’K as a 
crystalline precipitate, which dissolves with blwd-red colour in water, and crystiillisos 
from the hot-saturated solution in yellow lam i me. By tin and hydrochloric acid the 
neutral salt is reduced to a colourless compound not yet examined (Graebe). 
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SJUBTZTB. A sulphide of copper, iron, and zinc, Ou, ^ Fe, ^5 2n)S, occurrfti 
together with copper pyrites and copper glance, in the copper mines of Ducktown 
Tennessee. It is massive, traversed in all directions by shining prismatic caviti( 
has a lead-grey colour and metallic lustre, hardness = 3‘0, sp. gr. =* 4' 128 (Tyler 
Shepard, Am. J. [2] xli. 209; — Credner, Jahresh. 1867, p. 976). 

IfcAXMOXrBXTB. A hydrated ferric sulphate, 2Fe^O*.3SO* + 7H2O, found in 
tin mine in Bolivia, in extremely thin Uibular hexagonal prisms having an ochr 
yellow to honey-yellow colour, nacreous lustre, hardness = 4, and sp. gr. 3- 190 1 
3*222 (Breithaupt, Jahresh. 1866, p. 952). 

RA.XAJO'BXikoBSB. This substance, first obtained by Wittstoin as a product ( 
the decomposition of ratanhia-tannic acid, may be prepared, according to Grabowsl 
{Ann. Ch. Phann. cxliii. 274), by precipitating the hot aqueous infusion of rhaUin 
extract with load acetiite, decomposing the precipitate with liydrogen sulphicU*, an 
boiling the filtrate with dilute sulphuric acid. The re<l-brown powder thcrcl) 
separated, when purified by solution in ammonia and precipitation with hydroclilori 
acid, and dried at 130°, has the composition whicli is also that of the n- 

substance obtained by Roohloder from the tannin of the horse-chestnut. By lusioi 
with potash, it is resolved, like the latter, into pyrocatochuic acid and phlon^gliuiii 
which two bodies are also produced by fusing rhatany extract with potasli. Tin 
liquid sepai*atcd froni the ratanhia-red contains a difficultly crystallisable sugar. 

RESXIMrs (Illasiwetz a. Barth, Ann. Ch. Pharm. cxxxiv. 265 ; cxxxviii. 61 
cxxxix. 83; Jahresh. 1865, p. 673; 1866, pp. 626, 631). — The resins of very man j 
plants yield similar products of decomposition by oxidation with potasli. A con 
siderable portion of the resin is resolved, as by dry decomposition, into voliitilt 
products, aromatic vapours, hydrocarbons, &c., while another portion, of variai<lt 
amount, separates again in the resinous form; or humus-liko products are furmctl, 
and in all cases, acetic acid and its nearest hoinologucs. The principal products arc: 
(1) Protocatichuic acid^ from guaiacurn, benzoin, dragon’s blood, asafcctid.i, 

in3^rrh, acaroid resin, opoponax. — (2) Parao.vi/henzoic acid, from ben^^oin, 

dragon’s blood, aloes, acaroid resin. — (3) Phloro^lucin, from dragon’s bloc l 

and gamboge. — (4) Pesorcin, from galbannm, asafoetida, gum ammoniacum, sagaponnm, 
acaroid resin, and probably from all resins -which yield umbelliforone. Pyroeafichln 
(as also perhaps a small quantity of a Ixwly which reddens ferric clilori'lc) 
probably occurs only as a secondary product resulting from the decomposition ol 
protocatechuic acid. Orcin is formed only from aloes ; isuvitic acid and p^Tolartanc 
jicid only from gamboge. (See the several Rosins.) 

Rosins are formed artificially by the action of phosphoric anhydride on aldeh}dwJ 
and allied bodies. The resin formed in this manner from bitter almond oil h.as been 
already described (p. 327). Eugene-resin, formed in like manner from eugenic flci'l 
is an inodorous mass having an aromatically bitter taste and exhibiting violet-bhie 
dichroism in alcoholic solution. In composition it is intermediate between euc:i nie 
acid, and the next more highly ox^'gonised compound, ; by drv 

distillation it yields an oil which contains creosote, and colours ferric chloride green ; 
with nitric acid it yields scarcely anything besides oxalic acid ; with melting 
considerable quantities of protocatechuic acid, together with'a small quantity of aceric 
jicid ; its alcoholic solution is precipitated by neutral load acetate. OU of 
becomes thickened ig contact with phosphoric anhj'dride. Tlie oils of rue, angelie^i 
and cumin are partially converted into dark brown rosins, which when fused wifn 
potash, yield only traces of a crystalline substance producing a violet colour 
ferric chloride. Oil of guaiacurn is converted into a thick (phosphorettod) eili 
yielding with melting pobish a large quantity of protocatechuic acid. Anise-camphor i 
C*®H**0, gently heated with iodic acid and iodine in alkaline solution, is convert 
into a brown brittle resin, the portion of which insoluble in alcohol ahd soluble 
ether has nearly the composition of aniso-caraphor. By fusion with potash it 
a small quantity of a crystalline substance having the properties of anisic acid. 

On the formation of resins in the interior of vegetable cells, see Wiesner ( 

Akad. Bcr, lii. [2] 118; Jahresh. 1865, p. 627). 
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MSLSOS^cnr. C^IPO- = C®IP(OIiy‘. — This substance, the para-modification 
(1 :'4) of oxyphenol, was originally obtained by the action of melting potash on 
calbanum (iv. 215), and is likewise pr<^lucod by the same reaction : from para- 
lodophenol : C“H"IO + KOH = KI + (Korner, BidL St>c. Chim. [2] vii. 

261); — from paraphenolsulphuric acid: C®H*(OH)(SO"K) + KHO =» K*SO* + 
C*H^(OH)* (Glutz, ibid. viii. 361); — from potassium monochlortjbenzene-sulphate by 
fusion with about twice its weight of potassium hydrate (Oppcnhoim a. Vogt, Jahresb, 
1868, p. 465); — from urabelliferono : = OH*0* + SCO* (Hlasiwetz a. 

Grabowski, Ann. Ch. Pharm. cxxxix. 99) ; — and from asafoetida, gum ammoniacum, 
sagapenum, acarpid resin, and probably from all resins which yield umbelliferone by 
dry distillatiop (Hlasiwetz a. Barth, p. 992). 

Resorcin crystallises in prisms, which according to Reuse {Jahresb. 1 866, p. 633) 
are triclinic, exhibiting the combination ooPao . ooPoo . oP . oe'P . ool*2 . oo'f*2 . ,P. 
According to Rammelsborg’s measurements, on the other hand (made on crystals pre- 
psired by Oppenheim a. Vogt), they are orthorhombic prisms (p), with bevelling faces 
(q) resting on the acute lateral otlgcs. Angle pip = 118° to 119°; q : q — 83° to 

84°; p I q = 112° to 113°. The edge ^ is apparently perpendicular to 9., 

On the power possessed by resorcin of masking the presence of iodine in solution, 
see Iodine (p. 738). 

Resorcin in contiict with the vapours of strong nitric acid is gradually converted 
into a dark red-brown resinous mass, soluble in water, alcohol, and ether, and coloured 
violet-brown in thin layers by ammonia (Malin). 

liesorcin Sulphate^ C*‘H'*0* . 4H*SO*, crystallises very easily from a solution of 
4 pts. warm concentrated sulphuric acid. The very doliciuescont strongly acid compound 
is coloured blood-rcd by ferric chloride oven in very dilute solution, and is easily 
decomposed by bases. Quinine-rcsorcin sulphate^ .SO'^ + 

is formed by mixing 2 pta. resorcin witli a slightly acidulated solution of 5 pts. 
quinine sulphate, and crystallises in needles (Malin). 

Pt'sorcin- ammonia y is formed by passing dry ammonia gas into a 

solution of resorcin in anhydrous ether, and separates as an oil, which afterwards 
crystallises. The colourless crystals, when exposed to the air, deliquesce and turn 
green, and afterwards blue, in consequence of the formation of a product resembling 
orcein, and procipitable from the alkaline solution by acids in red-brown flocks 
(Malin). 

Acetyl -resorcin y C*H^(C*1I*0)*0*, formed by the action of acetyl chloride on resorcin, 
is an oily liquiil, colourless and incxlorous after distillation, insoluble in water, 
and having a burning bitter taste, with sweetish after-taste, Bemoyl-resorciny 
(.'^U*(C^H*0)*0*, remains, on heating resorcin to 100° with benzoyl chloride, as a red 
viscid mass, crystallising from hot water in white talc-liko scales. The mother- 
liquor j'ields laminar crystals of a more soluble compound, probably C'*H‘^(C'U'‘0)0‘‘*. 
Both compounds are insoluble in water. With succinyl chloridcy resorcin forms (with 
evolution of hydrochloric acid), a rod-l>rown uncrysbillisable oil, from whose alcoholic 
solution water throws down a resin, which in alkaline solution exhibits a deep green 
dichroism. When resorcin is heated with phosphorus pcntachloridcy white uncon- 
densable vapours are evolved, and a semi-carbonised mass remains behind (Malin, 
Ann, Ch. Pharm. cxxxviii. 76). 

RISTSKTE. (v. 97). — This hydrocarbon is produced, together with other 

polymorides of acetylene, when tin*. vai)uur of the latter is passed through a red-hot 
glass tube. The liquid portion of the product subjecte^l to fractional distillation yields 
several of these polymeric acetylenes, retene passing over at about 360°, and condens- 
ing in shining needles (Berthelot, Jahresb. 1866, p. 516). It boils at 390° (Bertbelot, 
ibid, 1867, p. 39). 

Wahlforss {Zvitschr. f. Chem. [2] v, 73) has examined retene prepared from a 
granular buttery mass obtained in the latter part of the distillation of Finland wood- 
tar. This mass was strongly pressed during a winter tempemturo ; then fused with 
10 p. c. benzol, and again pressed ; afterwards divided into four fractions by fusion, 
pulverisation, and partial solution in alcohol ; and each of these portions was repeatedly 
crystallised till its melting pjint became constant. All the samples finally exhibited 
a molting point of 98°-99°, the same as that assigned tfi retone by Fehling ; by Fritzsche 
and Berthelot, retene is said to melt at 95°. The retene obtained as above yielded a 
picrate, and a barium salt of disulphoretic acid, agreeing exactly with those described 
by Fritzsche (v. 97). 

Retene exhibits a very characteristic reaction with chromic acid. In contact with a 
mixture of 6 pta. potassium dichroinate, 8 pts. sulphuric acid, and 2^ vol. water, it U 
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strongly attacked, carbon dioxide being evolved, and the reaction going on iritli 
external heating. The solution if hnaUy heated turns green ; the retene is converted 
into a rt)d powder; the filtrate when distilled yields acetic acid; and on exhausti' 
the residual solution of chrome-alum with ether, then expelling the ether, and eutf 
liming the residue, phthalic anhydride is obtained, melting at 128°. ' 

Dioxyretistene, the brick-red powder above mentioned, which is the chief 

prrxiuct of the reliction, crystallises from alcohol in long, flat, orange- coloureil needles 
melting at 194°-195° and sublimable to a small extent. It is more soluble in ether 
and in benzol than in alcohol, insoluble in soda-ley; does not give off hydrochloric acid 
when treated with benzoyl chloride ; is but slightly attacked by chromic acid; dissolves 
irj oil of vitriol with deep green colour ; its alcoholic solution is coloured by potash 
first a deeper red, afterwards green. With bromine it forms the compound 
very much like dioxyretistene itself, but somewhat lighter in colour. 

Dioxyretisteno heated with zinc-dust yields an oily distillate which soon solidifies 
and crystallises in white shining laminae having the composition This hydro- 

carbon, called rotistene, forms with picric acid a compound which crystallises in 
long yellow-red needles melting at 94°. 

A nickel ore occurring near the Rewdansk works in the 
Ural. It forms indistinctly laminated lumps, whicdi easily crumble to an earthy powder. 
Sp. gr. 2-77. The analysis, corresponding to the formula 31t0.2Si0'-' -t- 2H’0, 
yielded : 

Si02 Al^O"* PeO NiO HO Sand 

32T0 3*25 12 15 18-33 11-50 9 50 13 00 = 99 83 

together with traces of manganous oxide and bismuth oxide (Hermann, J, pr. Qhm, 

c. 100). 

RHAimrVS. According to Kiibly {Jahresh. 1866, p. 707), the bark of Rhanmus 
Franqnla contains, besides the purgative principle, an amorphous glucosido, 
called avornin, resolvable by acids into sugar, crystalli sable at omic acid, and 

an amorphous resin. According to Buchner {ibid. 1865, p. 588), the volatile yellow 
substance, rhamnoxanthin, which he found in the bark of l\h. Frangida (v. 100), is 
partly converted, by very slow sublimation, into a red body resembling alizarin, but 
more soluble in alcohol. 

Colouring Matters of Rh. infectoria and- R7i. iinctoria (yellow berries). — These 
bodies have been exaruined by several chemi.sts, but with somewhat discordant results. 
According to Lefort {Com 2 )t. rend. Ixiii. 840; Jahresh. 1866, p. 650), the berries con- 
tain, besides rhamiiin, which is insoluble in water, another colouring matter, rham- 
negin, having tlio same composition, but soluble in water. The berries of Rh. caihar- 
tica contain only rhamiiogin. This .substance, obbii nod by spontaneous evaporation "f 
a concentrated alcoholic extract of yellow berries {graines de Perse ou d' Avignonf and 
purified by treatment with alcohol and ether, forms yellowish-white, cauliflower' iiko 
masses, composed of small prismatic needles easily soluble in water and in hot alcohol. 
By solution in cold concentrated or dilute sulphuric acid, it is converted into rhanniin, 
without formation of sugar. The same transformation is induced by nitric acid, 
hydrochloric acid, and several neutral salts. It dissolves with bright yellow colour in 
alkalis and alkaline earths, and forms insoluble compounds with the oxides of the 
heavy metals. The composition of rhamnegin and of its lead and copper compounds 
is represented by the following formulie : 

CI2H‘W.2H20 ; C'^H'W.PbO ; C’^H'W.CuO. 

Rhamnin in its lead and copper compounds has the same composition. It is insoluldo 
in water, but soluble in boiling alcohol, and reacts in other respects like rhamuegin. 
From solution in strong sulphuric acid, it is precipitated by water in its original state- 
It is always obtained when yellow berries are boiled with water, and separates on 
cooling from the aqueous extract, as a bright lemon-coloured powder, which may h® 
purified by washing with water, alcohol, and ether. In dyeing with yellow berries, it 
is the rhamnegin, and not the rhamnin, which fixes itself on the tissue. On the other 

hand, Schutzonberger (ZerYifcAr./. Chem. [2] iv. 668) finds, in accordance with Gcllatly 

(v. 100) and in opposition to Lefort, that rhamnegin (Gellatly’s rhamnin) boilefi with 
very dilute sulphuric acid, yields a colourless .saccharine substance isomeric with man - 
nite, The insoluble colouring matter obtained together with the sugar is not 

identical with quercetin, as Bolley supposes, but has the composition >1^ 

formation being represented by the equation : 

2C'*H'®0’ + 3U2Q ^ -I- 2C«H><0« 

Rhamnegin. Rhatnnctin. Sugar. 
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Jlhamnegin heated to 100° with acetic anhydride is converted into 
insoluble in water. 

The fruits of buckthorn cat hartieuji) contain two isomeric modifications of 

rhamnegin, o and the latter of which is more soluble in alcohol and more fusible 
than the former, fi Hhamnegin is resolvetl by dilute acids into a modification of 
rhamnetin which is soluble in alcohol, crystallises therefrom, and is moreover some- 
what soluble in hot water and hot ether, whereas the rhamnetin formed from a rham- 
negin is almost insoluble in alcohol. The acetyl-derivatives of the two rhamaetins 
differ in crystalline form and molting point. TIio fruits of buckthorn likewise contain 
a colouring matter insoluble in water, which may bo regarded as a glucoside, 

^ (rhamnetin) + 0*11 ‘‘O® (sugar) — ‘H'-O. This is the substance called 

rhamnin by Lofort, but it differs in composition i’rom rhamnegin. With acetio anhy- 
dride this rhamnin yields a lioxacetyl derivative (Schiitzenberger). To these obser- 
vations Lofort replies ( Co7n2)t. rmd. Ixvii. .‘MH; /.eitschr. f. Cfwtn. [2] v. 669) that the 
conversion of rhamnegin into rlmmnin li}' molecular transformation takes place only 
when very dilute acids are employed, whereas the same acids in more concentrated 
state decompose the rhamnin ha-med in t lie first instance into rhamnetin and sugar. 
Ivhamnegin boiled with very dilute acids yiehls a quantity of rhamnin exactly 
equal to its own weight ; consequently rhamnin and rhamnegin have the same 
composition. 

The constituents of rhamniis berries have also boon examined by W. Stein {Zeitachr, 
f. Chem. [2] V. 183, 568). Olivo-green berries, freed from fat by moans of petroleum 
ether, were exhausted witli boiling water and alcohol, the extracts precipitated by lead 
acetate, &c. Another portion of the berries was exhausted successively with water, 
alcohol, and ether. In this manner Stein obtained a yellow colouring matter soluble 
in water {rhanmin)^ a colouring matter insoluble in water {rhamnetin), a substance 
procipitablo by ©olution of gelatin {rh^mwoiannin), a nitrogenous substance {rhamnin 
fernuni), and a gummy substance {rhamnin-g^tm). Rhamnetin, according to Stein, 
is idcnticiil with quercetin, yielding phloroglucin and quorcetic acid wlion fused with 
potiish. Rhamnin (? Lefort’s rhamnegin) in the pure state crystallises from alcohol 
in microscopic yellow needles. By dilnto sulphuric acid, or by the ferment just men- 
tioned, it is resolved into insoluble rhamnetin {iml rhamnin gum ((^'^ir^^O^or 
wliieh reduces cupric oxide when boiled therewith in alkaline solution. The relative 
quantities of these substances show that rhamnin contains more than 1 mol. rhamnin- 
gum to 1 mol. rhamnetin, and therefore that rhamnin has iu»t the same composition 
as quorcitrin. 

HHMC A.CXS. See RitunAun. 


RKZXTAXrxazir. A glucoside occurring in the scc<ls of the common yellow 
rattle {Rkma^ithus Crinta Galli), and giving rise to the violet colour exliibited by 
bread which is prepared from ryo contaminated with those seeds. It is non-azotised, 
neutral, bitter-sweet, easily soluble in water and alcidiol, not procipit^ited by basic 
bail acetate. Its alcoholic solution heated with dilute hydrochloric or aulpliuric acid 
becomes bluish-green or greenish-blue. The aqueous solution boiled with dilute 
sulphuric acid deposits bluo-green flocks, and is tlion found to contain sugar. With 
nitric acid the solution quickly assumes a deep brown colour (Ludwig, Zeit^chr. /, Chem, 
[2] V. 303). V 6. y 


RKOSZinMC. A method of preparing this metal from precipitated platinum 
residues is given by Bun.soii {Aun. Oh. Ptuirm, cxlvi. 265 ; Zeitackr. f. Ch^eon. [2] v. 3 ; 
Bull. Soc. Chim, [2] xi. 308 ; Phil, Mag. [4] xxxtn. 263 ; Jahresh. 1868, p. 280). 

lWCB.a.Z>ZWE. C*'lI*‘NO® (Ilosse, Ann. Ch. Pharm, cxl. 146 ; cxlix. 35 ; Z^itechr, 
f'^hem. [2] ii. 737 ; v. 252). — An alkaloid existing in all parts of the red poppy 
{Papaver Rhaeaa), and in the ripe seed-capsules of the white p>ppy {P. aomniferum). To 
obtain it, the aqueous extract of red p<^Jppy, strongly concentrated and supersaturated 
sodium Ciirboiiate, is agitated with ether, and the ethereal solution with acid 
sodium tartrate. The sob^tion filtorotl fj*om the ether then yields a greyish-white 
precipitate which soon becomes crystalline, and when treated with water and boiling 
alcohol, whereby a small quantity of thobaino or an allied base is removed, is 
dissolv^ in acetic acid, decolorised with animal charcoal, and reprecipitated by 
ammonia. Laj^er crystals are obtained by adding the acetic acid solution to hot 
alcohol containing ammonia. 

Rhoeadino forms small white prisms nearly insoluble in ether, alcohol, benzol, 
chloroform, water, ammonia, sodium carbonate, and lime-water ; it requires for 
solution 1100 pts. alcohol of 80 p. c., and 1280 pts. ether at 18°. The base, both in 
tile ^froc state and dissolved in acids, is tasteless and not (Kiisonous. It melts at 
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232^, a portion subliming in small white prisms, especially in a stream of gag, j. 
solutions in weak acids, not in excess, are colourless; those in somewhat strooffp. 
acids, especially in hydrochloric and sulphuric acids, hare a purplo-red colour. This 
coloration, which disappears on addition of alkalis, and is restored by acids, is so 
intense that 1 pt of the base will colour 10,000 pts. of water purple-red, 200,000 pts 
deep rosc-red, and 800,000 pts. still distinctly red, although only 5 p. c. of the bas« 
is convorfed into the colouring substance. The colourless solution of rhoeadine in 
jicids is precii>itatcd by tannic acid, and by mercuric, auric, and platinic chloride. 
The platinum salt has the composition 2(C^*H2*NO“.IICl).PtCi'‘ + 2H-0. The 
hi/driodidc, + 2H‘‘'0, separates on adding potassium iodide to u 

solution of the acetate, as a dense crystalline mass, consisting of small microscopic 
prisms, whicli give off half their water over sulphuric acid, the rest at 120°, The 
aqueous solution becomes rod by prolonged boiling, part of the rhoeadine being 
converted into rhoeageiiino ; and on adding a drop of hydrochloric or sulphuric acid, 
the whole of the base is decomposed, the solution acquiring a purple-red colour. 
Cold dilute sulphuric acid converts rhoeadine into a colourless resinous mass, wliieh 
soon dissolves with splendid purple colour; on boiling the solution, it becomes dark 
purple, and on cooling deposits small prisms, browu-red by transmitted, green by 
reflected light, the liquid retaining rhoeagenino amounting to 99 p. c. of the rheeadine, 
together with the colouring matter. 

Opium contains a base diflterent from rhmadine, but giving the same colour-reactions 
with sulphuric acid, 

ItHCCilGXfia’IM'S. A base isomeric with rhoeadine, and formed from it by tho 
action of dilute mineral acids ; it does not occur ready-formed in tho poppy. Vidicii 
precipitated by ammonia from the solution, decolorised by animal charcoal, and 
rocrystallisod from alcohol, it form.s small white prisms or laminae, slightly soluble in 
ether, alc(diol, water, and ammonia, easily and without colour in acids. Tho alcoholic 
solution blues reddened litmus. Tho base melts at 223°, but is not sublimable. Tho 
salts have a bitter taste, and some of them crystallise well. The sulphate is very 
soluble in water, and dries up to a varnish ; its solution is precipibited by potassium 
<lichromatc, potassio-morcuric i(jdide, mercuric chloride, and acid platinic chloride. 
The hydroahloride forms concentrically grouped needles, Ciisily soluble in water and 
in alcoliol, precipitated from the aqueous solution by common salt. The plaiino- 
chloride contains 2(C-4i''N()'MrCl) . Pt(T‘. Tho kydriodidc, fornni 

short heavy prisms, moderately soluble in boiling, sparingly in cold water, nearly 
insoluble in aqueons p<itas.siiun iodide. Tho nitrate forms vitreous prisms, slightly 
soluble in cold water, melting and partly dissolving in boiling water. The oxahite 
crystiillisos in thin prisms. 

RH'UB.A.RB. The portion of tho aqueous extract of rhubarb -root which is 
soluble in alcohol contains, according to Kubly {Ckcm. Cenir. 1867, p. 1066), tho 
following constituents: 1. Hhcotannic acid, precipitated (together with 

phceoretin) by lead acetate, and extracted by water after decomposition of tho 
precipitate by hydrogen sulphide. It is a yellow-brown powder, insoluble in ether, 
but soluble in alcohol and in water; tlje brown, acid, aqueous solution preci pita 
organic bases white, ferric salts blaek-groen, lead acebato and ferrous salts whitish- 
grey, but forms no precipitate with tartar-emetic. Tho lead precipitate contauis 
2PbO. By boiling with acids or alkalis, rheotannic acid is resolved into 
fermentable sugar and red-brown amorphous rheic acid. which behaves 

with reagents like rheotonnic acid. — 2. Phceorctin, extracted by hot alcohol 

from the lead sulphide obtained in the preparation of rheotannic acid; it has 
essentially tho properties described by Schlossboiger a. Dbpping (iv. 387)- ^Vhen 
tho liquid filtered from the lead salt of rheotannic acid is freed from excess of 
lead by hydrogen sulphide, tho resulting lead sulphide yields to water a 
quantity of sugar, and to alcohol tho following substonces : 3. An indifibront 

substance, crystallising in prisms, insoluble in ether, slightly soluble lo 

hot alcohol and water, and precipitated by lead acetate. — 4. An orange-coloured 
bitter substance, designated by Kubly as chrysophane, which is insoluble in ether, bu 
soluble in water and in alcohol, and decomposed by acids, with formation of 
and fiocculent chrysophanic acid. 

RBirS. According to Maisch {Ckem. News, xiii. 112), the poisonous principle 
JRhus Toxicodendron is not a volatile base, as stated by Khittel (v. 109), but a 
acid {toxicodendronic acid), which differs from formic acid by the circumstance trui 
its sparingly soluble mercurous salt is not reduced by boiling. In the state o 
vapour or in aqueous solution it produces blisters and eruptions on the skin. 
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StBTO&lTB. A rock occxirring in t.rachytic and basaltic fornmtious. For 
analyses, see Jahresb. 1865, p. 916 ; 1866, pp. 969, 970. 

lUlCBlMIOlTXIXTB. This name is proposed by Konngott {Jahrb. Min. 1866, 
p. 829) for the aluminium phosphate hitherto doBiguated as Gibbsite (ii. 838). 

RZCXXrBX.^XX>XC ACXB. (Ulrich, Bull. Sm'. Chim. [2] ix. 225; 

Jahresb. 1867, p. 408). — This acid nmy bo prepared by heating riciiioleic acid with 
pure nitric acid till red vapours are evolved, quickly cooling the product in cold 
water, pressing tiie solidified acid, and rccrystalli.sing it fn>m hot alcohol. It 
crystallises in tufts of soft needles molting at 50^. It unites directly with bromine, 
forming oily* Hicinelaidic dibromuie, C'’*Il^*0*Jlr^, which is converted by j>otash-ley 
oven at ordinary temperatures int/) Monohromorichidaidic arid, C'*‘IU^HrO*. This 
latter acid hojitcd with alcoholic potash forms, together with potassium bromide, a 
solid acid different from ricinostearolic acid, melting at 71°, and crystallising from 
alcohol in short needles. 

RZCnrOl^EXC ikc». (Ulrich, /oc. By treating this acid ut 

ordinary temperatures with 2 mol. pho.sphorus pentachloride, there is formed, acconl- 
ing to the equation, 

C‘nP<0=» + 2PCP = 2POCP ^ 21TCI + C’«1P*C1‘0, 

a heavy oil, which is slowly decomposed hy watx^r, yichling a inohile, ])ung(Mit liquid, 
floating on water, and having the composition C*"ll**ClO'^ This oil treated with 
alcttholic potash, but not wdth sodium-amalgam, yiehls a viscid oil, nearly free from 
chlorine, and exhibiting the characUTs of riciiioleic acid. 

Jiudfialeic dibromide, C‘*'n“T)*lir‘‘*, produced by gra,<lually mixing cooled ricinoleic 
acid with 1 mol. bromine, and purified by saponification with weak potash-ley, 
is a heavy oil, colourlc.ss at first, but afterwards turning brown, insolnblo in water, 
easily soluble in alcohol an<l other. The pobissium and ammonium salts are slightly 
soluble in water, easily in alcoliol ; the other salts are viscid glutinous masses, 

Monohrcmioricinoleie acid, (J‘’*Jl'*^BrO*, is formed by treating t)io dibromide with an 
alcoholic solution of 2 mol. pota.ssium hyilrate, and separates, on addition of liydro- 
chloric acid, as a clear yellowish ftil, not decomposing at, 100'^, easily S(du])lo in 
alcohol and ether, forming with potash and ammonia, soaps slightly .soluldo in water. 
Mixed in a cooh;d vessel w'ith 1 niul. brcjrnine, it forms .a yellowish, viscid, easily 
docomposible i^il — probably immohromoricinolcic dibrondde ~yi\d.e\\ is (piickly recon- 
verted by alcolndic potash into monobromoricinoleic acid. 

BXCXXrOSTS.A.ROX.ZC ikCXI>, produced by lioating inonobromo- 

ricinoloic acid to 80° for about 8 hours with 2 mol. bromino, and purified by 
rccrystallisation from alcohol, forms tufts or nodular groups of colourless needles, 
easily s^dublo in alcoliol ami other, volatilising without decompo.sition, easily s:iponified 
by alkalis. The ainmoninm salt crysljillises in slender needles, easily soluble in 
water, and gradually giving off all its ammonia on boiling ; tlio judnssium, salt, 
which is likewise easily solnblo, crystallises in slender no<‘<lles or as a laminar mass ; 
the barium salt, (C‘"H *'0^)^lla, is a precipitate insoluble in (•ther, crystalliBing from 
alcohol in laminae w'hich melt at 135°; the silver salt, (>'"JP*0'Ag, is a granular 
precipitate gradually decomposwl by hot alcohol (Ulrich, loc. cif.). 

Buiinosicarolic dihroTnidr, is fonnc«l as a thickisli, yellowish oil, on 

gradually mixing cooled ricinostearolic acid with I mol. bromino. In contact with 
excess of bromine, it is converted into the tclrnhromide a , heavy, easily 

decomposible oil. The dibromido is decomposed by alcoholic potasli at 1.50° (tluj 
tetrabromido at ordinary temperatures), yielding ricinostearolic acid smelling of 
octyl alcohol. 

BZCZIfOBTZLAJtOBTXiZC A.CX11« C"’7I’^0^ is obt.ained by prolonged heating 
of ricinostearolic acid with pb. recently precipitated silver oxide, decomposing the 
resulting silv'er salt with hydrochloric acid, and reiTjsfallising the acid extracted by 
ether. It crysUillises from alcohol in dendritic groups of neetiles, melts at 78 °, 
solidifies to a hard alabaster-like mass, and is easily SM|K)riified by alkalis. The 
ammonium salt crystallises in ring-shaped groups of noeciles soluble in alcohol ; the 
silver salt, C'*H*'0'Ag, is a granular precipitate decompised by hot alcohol ; the 
barium salt, (C*''H*'0<)‘'l{a, separates from alcoholic solution ixs a, jolly. Ilicinostear- 
<^5tylic acid is distinguished from the isomeric compound, stearoxylic acid, by not 
uniting with bromino without evolution of gas.. When ricinf)lcic dibromide is heated 
to 100° with silver oxide and water, there is formofi, t/)gother with octyl ic alcohol, a 
mass which, when decomposed by hydn>chloric acid, yields to other a yellow rancid- 
smelling oil, which deposits ricinostearoxylie iicid melting at 78 ° (Ulrich, loc. cit.). 
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ROOHSlb&A. See Orcuella.-weeds. 

ItOSAirZILZZriS. The salts of this base heated to 18° with potash in alcoholic 
solution yield a yellowish liquid from which water throws down free rosaiiiline 
coloured deep yellow by admixture of chrysaniline, as is also the w^ash-water ; oii 
exposure to air and light, the precipitate turns orange-red, and the wash-water in 
sunshine turns blue. Rosatoluidine salts similarly treated also yield a yellowish 
liquid, from which water throws down the base in faintly reddish flocks, both the 
precipitate and the wash-water becoming violet when exposed to sunshine. Rosa- 
toluidine salts heated to 280° for several days with glycerin and a little alcohol form 
a red liquid which is precipitated by ammonia, but not by water ; the precipibito is 
dark violet, the wash-water light violet. Rosaniline salts similarly treated yield a 
red-brown precipitate and a yellow-brown wash-water. Rosaniline salts aro ]es.s 
soluble than rosatoluidine salts, and the free base is more easily separated from the 
former than from the latter by alkalis. The solutions of rosaniline salts ubod in 
dyeing exhibit a faint yellowish reflex ; those of rosatoluidine do not. The colourin^f 
power of rosaniline salts is to that of rosatoluidine salts as 100° to 140° (A. Rou.ssille, 
Btcll. See. Chim. [2] vi. 354). 

On the reaction of the camphene hydrochlorides, C*‘*H*®.HC1 and ‘2HC1, with 

rosaniline, see Tbhebbnks. 

Action of Aldehydes 07i Rosa^iUme . — When the yellow solution of rosaniline stilphito 
(or other salt) in aqueous sulphurous acid is mixed with a few drops of an aldclmlo 
(bitter almond oil, oenanthol, or valoral), the rosaniline being kept in excess, sulpliuroins 
anhydride is given off, the solution turns rod and afterwards violet, and gradiiivlly 
deposits copper-coloured crystalline scales consisting of the mono-acid salts of tlio 
following bases : 


Benzylidena- 

rosaniline 

C20H1«) 

H j 


lleptylidene- 

rosaniliuc 

H j 


Amyliclene- 

rosaniline 

c^h'4n». 

H ) 


These bases do not form triacid salts. The copx>or-colourod arsenate of hitUp 
lidenc-rosaniline consists of . AsHO^ ; the yellow platinochlorhk is 

C‘'^H’*‘N’*,2HCl.PtCl‘‘. By acting upon these bases in alcoholic solution with ctliyl 
iodide (or with iodine and phosphorus) the typic hydrogen-atom may bo replaced hy 
ethyl. The salts of the ethylated bases are insoluble in ether, water, and dilute acids, 
but dissolve easily in alcohol, forming violet solutions (Schiff, >800, t’/nw. (2] 

vii. 518). 

(Enanthol forms with crystallised rosaniline acetate, even at ordinary temperatures, 
a compound which dissolves in alcohol with blue colour, and yields with caustic potash 
red crystalline flocks of triheptylidene-dirosaniline, 

2(C2«H>'')"‘H3N« -I- 3Gm^*0 = 3IFO -f 

Rosaniline. OEnantliol. Trihoptylidene- 

rosaniline. 

This base, as well as its salts, decomposes' bel^w 100°, especially in presence of excess 
of cenanthol, forming a yellow resinous mass composed for the most part of 
ditoluide7ie-diamine, (C^iI‘^)(C^H®)*N*. The decomposition in presence of oenanthul 
may perhaps be represented by the following equation : 


2 [^(C’H«)2 |n>J + 3C’H»0 = + 3H'0 

Rosaniline. CEnanthol. Heptylldene- Heptylidene- 

diphenylenc- ditoluidene- 

diamine. diamine. 

The formation of heptylidene-diphenylene-diamine has not however been distinctly 
proved ; it has merely been observed that the' heptylidene-ditoluidene-diannne i* 
accompanied by another base of lower boiling point. Benzoic aldehyde forms wi 
rosaniline at 90°-100° a violet mass, which, from the analysis of its platinum ^ » 
appears to contain toluUine-rosanUim, [(C*®H*«)(C^H®)H]N' ; at 1 20° a crystalflna 
copper-red product is formed ; and at 150°- 160°, with excess of benzoic aldenwe^ 
there is obtained a heavy yellow oil from which alcohol separates a sandy pow e 
(Schiff, Bull. Soc. Chini. [2] v. 291). 

Hydrocyan-rosaniline. . HCy (v. 115). 

SOSa OX&. The camphor or stearoptene of this oil (obtained from roses 
at Mitcham), when carefully fused by the heat of the sun, solidifies on cooling, 
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microscopic, truncated, six-sided pyramids, not belonging to tlie rhoniboliodral system. 
It has the composition of an ololino, C*!!-'", melt« at 32 6, gives off vapours at 160°, 
begins to boil at 272°, boils completely at 276°, turns br<,wn and black at 300°! 
When oxidised by fuming nitric acid, it yields succinic acid, together with a small 
quantity of oxalic acid, and perhaps valeric and formic acids. A mixture of potassium 
chromate and sulphuric acid produces no perceptible effect upon it, beyond the omission 
of a faint odour of acrolein (Flhckiger, ZHtsc?tr, /. Chem. [2j vi. 126). 
&OSOC7A,XirZlV. See CujtcuMiN. 

JIOBOUC iLCZS, or The formation of this acid from 

rosaniline by the action of nitrous acid ha.s already been notict'd (v. 684). Tlio 
equations representing it are as follows : 

+ 3HNO-* = C2»11'«N'' + GU'^O. 

Rosaniline. Aaoroainiliuc. 

C«®lI>oN® + 3H'*0 = + 3N^ 

Aaorosaniline. Kosolic 

tu;id. 

The deep red solution of rosaniline turns brown wlien mixed with excess of hydro- 
chloric acid, then yellow when nitrous acid is passed into it, and tleposits on boiling a 
dark coloured solid body which differs from rosolic acid oblained IVom phenol (by the 
action of sulphuric acid on a mixture of phenol and oxalic acid) in tins respect, tliat 
its salts are not coloured darker by pf>tasaium ferricyani<lo. It seems probable that the 
rosolic acid obtained from phenol may contain a body (likewise pnjduced from hmeani- 
line, and therefore called feuouroao/ic acid) which induces the darker coloration by the 
ferricyanido. The same body is formed by the reducing action of zinc and hydro- 
chloric acid on rosolic acid obhiinod from rosaniline ; and, on tlio ot her hand, rosolic 
acid frv^ra phenol, after treatment witJi potossinm fcrricyani<le, precipit.'diori with acht, 
and solution in alkali, exliibit,s exactly the same characters us that uhich is produceil 
from rosaniline (Wanklyn a. Caro, Proc. lioy. Soc. xv. 210). 

Caro {PkU, Mag. [4] xxxii, 126) has also eiuhiavoured to detormino whothor the 
formation of rosolic acid from phenol requires the ])rescnce of a subslanco which, like 
cresol, oxalic acid, &c., contains curb«>n in tho form in which it tixists in the fatty 
series. He finds that (similarly to tho formation of rosaniline) j>uro phenol or pinu 
cresol treat^l with manganese dioxide, mercuric sulphatcj, arsenic anhydri<le, or iodine, 
dc^s not yield a trace of rosolic acid. This acitl is however always formed wlien a 
mixture of phenol and cresol is employed ; also from pure phenol (but not from cresf)]) 
heated with strong sulphuric acid and oxalic acid, with sulphuric aci<l and amyl 
iodide, with bromacetic acid, with acetic acid and io<!ino, with formab^s and i<>dino, 
and in considerable quantity with iodoform. In a similar nianrnT rosaniline is pr<.>- 
duced from pare aniline (free from toluidino) by healing witli iodof>>rm or with lead 
format© and iodine, and in smaller quantity by tlio action of chloroform, carbon 
chloride, or cyanogen iodide. With U>luidino there is forrneil under the same circum- 
sUint^s a brown product not containing rosaniline. Hence Caro concludes that in 
rosolic acid, as in rosaniline, part of the Ciirbon is combined in tho sfime manner as in 
the aromatic bodies, part as in tho fatty bodies, as indicat/od by the following 
equations of formation ; 

Aniline Teluidiiio TtOKanillne 

C*H®(NH^) + 2[C®HXCU’)(NH*)] = + 3H* 

3[C*H®(NH2)] + 20 =. 

Phenol tlresol Rosolic acid 

C-H»(OH) + 2rC®H«(CH»)(OH)] - d 3H* 

3[C*H®(On)] + 2C == + JI* 

ROTZOAXiUC A.CZB. The crystalline grains of this acid obtained by treating 
dry gallic acid with strong sulphuric acid (v. 133) are anhydrous, and have tho com- 
position ; they have the colour of carmine, and appear under the niicrostiopH 

acute rhombohedrons. The amorphous acid . H'-'O * gives off its water 

(10 68 p. 6.) at 136°, The acid may be sublimed in cinnabar-r<)d prismatic crystall, 
■which do not lose weight at 126°. It is insoluble in cold, slightly soluble in boiling 
water, also in alcohol and ether; in jxjtash and ammonia it dissolves with red colour 
when the air is excluded, with brown colour in <yintact with air ; tho alcoholic solution 
neutral. It does not yield pyrogallic acid when heated with potash or lime. 
Baryta-water does not dissolve it, but c/mverts it into an indigo-bluo mass soluble in 


* MiJ!X>rintod C*J1*0^ In vol. v. p. 13. 
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RUTDT— SAFFRON. 


potash (Wagner, Chem. Centr. 1861, p. 47). By fusion with potash it is convcrtec 
into oxyquinone, (Malin, p. 893). 

According to Lowe {J. pr. Chem. cvii. 296; Zcitschr. f. Chem. [2] vi. 128), tin 
formula of rufigallic acid is and its formation from gallic acid is attondnc 

with the formation of a product of oxidation, the oxygen hoing supplied at tin 
expense of the sulphuric acid : other dehydrating agents, zinc chloride for example, dr 
not convert gallic into nifigallic acid. By strong potash solution, and especially bj 
alcoholic potash, it is converted into a blue-black salt. 

RVTXXr. According to Spioss a. Sostmann (Jahresb. 1865, p. 587), tliis substance 
(or 2n‘^0), is easily obtained from commercial Chinc.so yellow 

berries in grains (the undeveloped flower-buds of Shphora japonica, known as Waifii), 
whereas Chinese yellow berries in pods (the fruit of Gardenia radicans and G. jlorida] 
contain, not rutin, but mannite. 


s 


SACCKAJIXC XSTUfiR. Crystallised ethyl saccharatc gently heated with 4 mul. 
acetyl chloride, is converted into a crystiilline compound, C‘''l^"'0^ mixed with an ctil 
insoluble in water. The crystalline body is perhap.s fornuxl in the manner shown by 
the equation : 

C«II‘W + 4C^H’OCl = C"‘H'«0« -I- 2C'-^ir‘0* + 41IC1. 

Saccharic Acetyl Crystalline Acetic 

acid. chloride. compound. ncid. 

When the crystalline compound of ethyl saccharatc and calcium chloride is heated fo 
100° with somewhat more than an equal weight of acetyl chloride, a gummy mass id 
formed which gives up to anhydrous ether an oil easily soluble in water and alcolml, 
and solidifying for the most part in the cryshillino form over sulphuric acid. Tln^ 
crystals consist of ethylic tetracetyl-saccharatCy C®H^(C"H^O)''0®.(C-'H*)^ This ether 
crystallises from alcohol in monoclinic prisms, melting at 61°, insoluble in water, 
soluble in alcohol and ether, and resinisod by alcoholic potash (Baltzer, Bidl. Soc. 
Chim. [2] X. 263). 

8AX*X^OXX (B. Weiss, J. pr. Chem. ci. 65). — When dried saffron, after exhaustinn 
with ether, which removes a small quantity of a yellowish oil, is digested with water, 
gum, vegetable mucilage, inorganic salts, and sugar are dissolved, together with the 
unaltered colouring matter of the saffron ; from this solution, the gum, mucilage, and 
inorganic salts may he precipitated by absolute alcohol; and the filtrate mixed with 
ether deposits the colouring matter mixed* with small quantities of sugar and sali^. 
This colouring matter, polychro’ito, (?), forms an orange-yellow prtici- 

pitate which dries up over sulphuric acid to a friable, ruby-coloured, deliquescent mass. 
It is inodorous, has a faint, sweetish taste, dissolves easily in water and in dilute 
alcohol, but is nearly insoluble in absolute alcohol. The aqueous solution is turnod 
brown by hydrogen sulphide, and is decolorised by nitrous acid or chlorine, by 
dilute acids it is resolved into a Tfed secondary colouring matter (crocin), sugar, and an 
aromatic oil having the characteristic odour of saffron. On heating its aqueous 
solution with dilute sulphuric acid (not in excess) in a retort through which a stream 
of hydrogen is passed, crocin separates as a red powder, while the oil distils over. 

Crocin has the composition an orange-yellow lead salt precipitated from 

its alcoholic solution by lead acetate contains (C‘*H*^0®)*Pb ; a red substance very 
much like crocin, left Undissolv'ed by ether in the preparation of polychroVte, consists 
of 2C'*H*®0*,3H.*0. Crocin dissolves very sparingly in water, easily in alcohol and 
in dilute alkalis. From the alcoholic solution it is precipitated by ether, from solution 
in alkalis by acids, in purple-red flocks. Heated with strong potash-ley, it decomposes, 
with evolution of pungent vapours. With strong sulphuric acid it acquires a deep 
blue colour, gradually changing to violet and brown ; nitric acid colours it greeOi 
changing to yellow-brown. Crocin suspended in water dissolves in nitric acid to a 
colourless liquid, without formation of oxalic acid ; it is decolorised by chlorine ; no 
affected by sulphurous acid. 
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The mobile volatile oil obtained in the decomposition of polychro’ite is yellow, has 
the odour of saffron, and boils at 2()8°-210°. It mixes in all proportions with alcohol 
and ether, is insoluble in water, but is decomposed by prolonged contact with it, the 
liquid acquiring an acid reaction and becoming covered with white films. Heated 
with potash-ley it decomposes, giving off pungent vapours ; alcoholic potash converts 
it into a resin. It quickly reduces silver solution, especially on addition of ammonia ; 
is coloured brown by solution of iodine in potassium iodide ; docs not unite with 
alkaline bisulphites. 

The decomposition of polychroYto by acids appears to take place in the manner 
represented by the equation : 

C1HH60O18 + IPO = 2C'HI‘W + + CMT'^0® 

Polychroite. Cri)oin. Oil. Sugar, 

and SAFROXi. Sec Sassafras Oil. 

SAXi/LSCAMTSltZIifB. — An alkaloid obtained from tlio poisonous 

secretion of the cutaneous glands of the land salamander (^Sa/aMa7idra macidata). It 
is not volatile, crystallises with water, dissolves easily in water and in alcohol, and 
has an alkaline reaction. The hydrochloride, . 2HC1, crystallises in 

needles, hut becomes amorphous in drying (Zalesky, Bxill. Soc. Chhn. [2] vi. 344 ; 
Johrcii/K 1866, p. 756). 

SAXBP. The orchis-roots known hy this name contain, according to Hragendorff 
(dahresh. 1865, p. 633), 48‘t p. c. dextrin, arabin, and semi-sohiblo vegetable mucilage, 
‘J7'3 starch, 12 sugar, 2‘4 cellulose, 4*9 proteids, and 4*8 p. c. ash (containing 28'8 
p. c, phosphoric anhydride, and 23 p. c. potash). 

8A.X.RY‘3>Ril.M’Il«I2>E. 

SAXiBTl>RBTKA.lVZXiZ2>S. 

BAZiZCZXr. This compound is not decomposed by water in closed 

vt ssels, either at ordinary temperatures or avt 100^; but in contaict with the aiir tho 
a-pu'ous solution is soon found to contain sugar and saligonin, at tho same time thait 
mould fonuH on its surface. If this mould be introduced into a salicin-solulion kept 
from contact with tho air, tho resolution of the salicin into sugar and saligonin takes 
place more quickly (Moitessicr, Jahrc.sh, 1866, p. 676). 

Sjilicin dissolves in a solnl ion of sodium in alcohol, the liqiiid after a while solidify- 
ing to a crystalline pulp, which when vraislml vrith alcohol and dried at a gentle hent 
yields a white brittle mass of soditim-mlicw, (J'^Jl'^NaO' (rerkin, Chem. News, xviii. 
110 ). 

Bromosal icin, C’^lP’BrO’’, is formed by gradually adding bromine to a solution 
ftf salicin in 20 pts. water. The licpiid then solidifies to a pulp, whicli, when freed by 
<-t her from a resinous siil)stMTicc, cry stallises from water in four-sided prisms of hydrated 
bromosalicin, 2ir‘^0, This. compound tastes bitter, like, salicin, is easily 

Soluble in water and alcohol, insoluble in ether, gives off its water at 110°, melts at 
160°, and decon)pose8 at ebout 200°, Bromosalic.ln is decomposed by emulsin, less 
easily than salicin ; tho bromosaligenin thereby produced forms a blue colour with 
ferric chloride, like saligenin. Acids added to its solution throw down bromosalirotin. 
Its aqueous solution is precipitated by basic lead acetate, Bromosalicin treated in 
warm solution with excess of bromine, is converted into a pulverulent crunpound 
containing 25*28 p, c. bromine (O. 8chmidt, ZeitHchr. f. Chem. [2] i. 320). 

iJcrwatives of Salicin covtaininy Acid Organic liadictes. — Salicin treated at ordinary 
te mperatures with acetyl chloride is converted into a compound of acetyl chloride with 
tctracetyl-a'ilicin : 

+ 5CTPOC1 - 4IICI + C'’Ir»XCTPO)<O^C2H»OCI. 

Tills compound is insoluble in water, slightly soluble in ether, easily soluTdo in 
alcohol, from which it is deposited in small crystals. By hot dilute mineral acids it 
IS resolved into sugar, saliretin, acetic acid, and hydrochloric acid ; by alkalis into 
salicin and tho same acids ; with silver nitrate it yields t^Lracetyl-salicin, acetic acid, 
and silver chloride. Tctrcucetyl- salicin is soluble in water, alcohol, and ether, crystal- 
lises in needles, and reacts with acids and alkalis in the manner just mentioned: 
it is not decomposed by emulsin. The chlorides of butyTyl, valeryl, and caproyl yield 
^'ith salicin uncrystallisable products, and the 1 cad -c'^im pound of salicin heat<^ to 
100° with ethyl iodide yields only a resinous body. Monochlorosalicin is converted 
by acetyl chloride into accfochlftrosalicin^ C**H’*Cl(C’*iPO)Oh which crystallises from 
alcohol, and reacts like tetracetyl- salicin (Moitessicr, loc. cit.). 

According to iSchiff {Zeitschr. f. Chem. [2] v. .01), tetracetyl -salicin maybe obtained 
directly by treating salicin with a barge excess of acetyl chloride at a rather low 


I Sco 8 .\licylol, Amides of (p. 1011). 
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temperature in an open vessel, care being taken to remove the hydrochloric acid fomi< 
at the same time as quickly as possible. Salicin treated in the same manner wii 
benzoyl chloride, is converted into h&nzoyl-salioin or populin, Schi 

has also obtained di- and tri-hcnzoyl. salicin. Both tliese compounds are insoluble i 
hot water ; in ether, tetrabenzoyl-salicin dissolves very easily, dibonzoyl-salici 
scarcely at all. Tetrabenzoyl-salicin is a colourless resin, which when boiled wit 
hydrochloric acid yields a large quantity of benzoic acid, together with saliretin aud 
humus-like compound of glucose. 

Sch iff represents salicin and its tctracetyl derivative by the following formulae: 

I foiiy { (OC^H’O)^ 

Salicin Tefcracetyl-Balicin, 

(Glycosalicyl alcohol) . 

SAX.ZC’Tlbil.MZSE. C’H’NO- C«H« j ^^^lj2-~This compound, producod b 

the action of ammonia on acid methyl salicylate (winter-green oil), is sometimes ealle 
salicylamic acid (v. 150), but its mode of formation shows it to be salicylamidt 
analogous in constitution to glycollamide : 


C‘Hi8o(OCH») + = HOCH» + C<'“iTONH^ 

Acid methyl Methyl Salicylamide. 

salicylate. alcohol. 


The true salicylamic acid, j analogous to glycollamic acid, has not ye 

been obtained. 

Salicylamide treated with phosphorus pontacliloride is converted into fialic^lo 
chloronitrilet | (L. Henry, Zeitsekr. f. Chem. [2] vi. 63). 

Methyl-salicylamidc^ produced by the action of ammonia at l/iO- 

i OCH® 

on methylic methyl-salicylate, ) qqOQP[ 8» crystallises, by slow ovaporatiun 

of its ethereal solution, in long shining prisms melting at 128'^-r29®. Wlien hpato l 
to it does not yield a c<.)mpound analogous to salicylonitrile (p. 1012), the greater 

portion distilling without decomposition (Hrimaux, ISzill. Soc. Chim. [2] xiii. 26). 


SJklLZC’rZiZC .aeZD. C^H«0® = Mctaoxybcnsoic Acid— Forma- 

tion: a. By heating phenol with acid potassium carbonate and a little water to 16(i’ 
ill a sealed tube (Drechsel, jahresh. 18G5, p. 3fi7): 

C«H«0 + CO®HK = H®0 + C^H*0®K. 


/8. By the action of nitrous acid on meta-amidobenzoic acid (Hiibner a. Petermann, 
Ann. Ck. Pharm. cxlix. 129) ; 

C^H^NO® d- NO®H = C'H«0® -f N® -f H®0. 
y. By heating monochlorotoluene with fuming sulphuric acid, whereby it is converted 
into c'hlorosulphobenzylic acid, C*H^Cl . CH®SO®H, and fusing the potassium salt of 
this acid with excess of potash. The chlorine and the sulphuric residue, S0*H, 
then replaced by hydroxyl, forming the compound C^H^OH . CH®OH ; and this, under 
the oxidising influence of the potash, is converted, with evolution of hydrogen, into 
potassium salicylate : 

OH^OH.CH^OH -f KHO = C«HXOH).CO*K + 2H*. 

The acid separated from this salt by hydrochloric acid agrees with salicylic acid in all 
its characteristic properties (Vogt, Zeitschr. f. Chem. [2] v. 677). — 5. When sodium i|> 
small pieces is added to a mixture of equal parts of ethyl chlorociirbonato and 
in sufficient quantity to combine with all the chlorine present, ethyl salicylate is 
together with a very large quantity of phenyl-ethyl carbonate (Wilm a. Wischin, w 
iv. 6). 

'Decomposition by Heat . — Salicylic acid heated alone or with water is resoly^ 
phenol and carbon dioxide between 220° and 230° ; but when it is heated 
centrated aqueous hydriodic or hydrochloric acid, or with dilute sulphuric acid ( 1; 
acid to 3 pts. water) the decomposition takes place at 140°-1 60°, and the more qu' 
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as the quantity of acid present is greater. Paraoxjbcnzoic acid undergoes the siimo 
decomposition alone or with water at 200^-210°, and with the above-mentioned acids 
at 135®“ 140®; but the decomposition of oxybonzoic acid requires a much higher 
temperature (Graebo, Ann. Ch. Phann. cxxxix. 134). 

Oxidation. — Salicylic acid heated with potassium dichromate and sulphuric acid 
gives olf 150 to 168 pts. CO'^ for every 100 pts. 041*0" ; tliese numbors show thuttho 
phenyl residue of the salicylic acid is oxidised under these circumstances; 5 mol. CO* 
would amount to 169 pts.. 7 mol. to 223*2 pts. Formic acid is likewise produced 
(Schroder a. Prinzhorn, Ayin. Ch. Pharm. cl. 9), 

Bromosalicyllc B.cid. C’lPBrO". — This compound, which Cahours obUiinod by 
triturating salicylic acid with bromine (v. 156), is also prcKlucod by gently heating 
siilicylic acid with phosphorus penUibromide. On treating the product with water, an 
oily liquid separates which quickly solidifies; and on dissolving this mass in ether or 
alcohol, and evaporating, crystals of bromosalicylic acid separate, together with a thick 
jiitchy mass of bromosalicylic anhydride which quickly solidifies. The anhydride 
crystallisos from boiling water in small white netidlos, melts at 164°-165®, sublimes 
at* 150° -155°, and is convortod into bromo.salieylic acid V>y boiling with caustic 
alkalis. Methyl salicylate is converted by ydiosphorus penlabromide into methyl 
bromosalicylate, C«lI"llr(OH) .GOOCH", which eryslalliseH from alcohol in noodles, 
melts at 36°-38°, and boihs without decomposition at 2(»r>°-26G° (L. Henry, Zeitachr. 
/, Cheni. [2] v. 479). 

Zodosalicyllo Bcids. Liechti {Ann. Ch. Pharm. Sappl.vVx. 129; 7.eiUchr. f. 
Chem. [2] vi. 193) prepares mono- and di-iodo.salicylic acid by agitating a hot solution 
of 1 pt. salicylic acid in about 25 pts. water with a niixtnro of 1 pt. iodine and J pt. 
iodic acid, keeping the liquid hot for some time and decanting Irom the oil which falls 
to the bottom. This oil, which solidifies on cooling, is a mixture of the two iodosali- 
cylic acids, which may bo separated by converting iliem into sodium salts by Laut(?- 
mann’s method (v. 157), picking out tlio crystals of the two salts, and purifying thorn 
by s<A’eral recry’sbillisations. If a smaller pro|)ort.ion ot water is \isod, the product 
consists chierty of di-iodosalicylic acid. 

Mono-iodosalicylic acid, C4140", melts iiuiler water at 98°, in (he dry state 
at 184® (196° according to Lautemann) ; di.ssolves in H93 pts. wab'r at 20°, in 104 
pts. at the boiling heat, and decomposes when its solution is boiled for some time. 
Sodium mono-iodosalicylati\ C4PI()"Na, dissolves in 13 pts. water at 20°, sparingly 
in cold, more easily in warm alcohol of oixlinary strength, in traces »>nly in other. The 
potassium salt, C'H40"K + SH'-'O, forms colourle.ss lamime; gives off its water at 
100°; dissolves in 5*2 pts. water at 20°, also in cold alcfilnd, less easily in other. Its 
aqueous solution, as well as that of t lio HO<lium salt, turns brown on (>xp<jsnro to tlie 
air. The ammonium 2C'H40"(NH<) -f 711^0, crystal li.scs in groups of thick 

needles ; dissolves in 10*.'j ])t.s. water at 20°, and is ulaml. as soluble as the sodium 
salt in alcohol and other ; gives off ifs water at 100° without losing it.s neutral reac- 
tion. The acid is decomposed l»y prolonged luiatiiig with ammonia to 160° in scaled 
tubes. The barium salt, (G4I ‘lO’iHla + 4H*G, crystallises in neutral highly lustrous 
scales, soluble in 78 pts. water at 20°, sparingly in alcohol, nearly insoluble in other ; 
gives off 3 mol. water over sulphuric acid, the f<jurth at 100°. A basic barium salt, 
t-’HHO’Ba + 211*0, separates in tufts or stars <if small noedlos when a hot-saturated 
solution of the neutral salt is pourotl into baryta-waUu*, saturated in the cold, and 
then warmed ; it dissolves in small quantity only in boiling water, but the solution is 
strongly alkiiline ; after drying over sulphuric acid, it gives off about of Its cryetalli- 
siition-wator at 100°, the rest at 150°. 

Di-iodosalicylic acid, Cni*l‘(P, precxi/iUitod frf>m its sodium salt by hydro- 
chloric acid, forms an indistinctly crystalline powder, htxI when recrystal li sod from hot 
Water, a white felted mass, which diss<jives in 1428 pts. water at 15°, in 656 pts. of 
boiling water, easily in alcohol an<l ether; at 193° it becomes soft and brown, but docs 
not melt; at 197° it gives off violet vapours, and becomes continually darker in colour. 
The sodium salt, 2C'H"I*0*Na + 511*0, form.s long, highly lustrous, flat needles 
mostly grouped in druses ; neutral, soluble in 49*6 pts. water at 20°, moderately 
soluble in alcohol, nearly insoluble in ether; becoming anhydrous at 120°. Th& 
potassium salt, C"H*I*0*K + H*0, forms short, thick, microscopic prisms having 
strong reddish tinge, soluble in 180*7 pts. water at 20°, easily in alcohol, sparingly im 
ether; becomes anhydrous at 100°. The amTiumium so//, 204I»I*O*(NH*) 4- H*0, 
forms arborescent groups of small needles, neutral, soluble in 316 pts. water at 20°,, 
moderately soluble in alcvihol, nf^arly insoluble in ether; becv'imes anhydrous at 100°, 
The neutral barium salt, (C^H*PO*)»Ba 4- 3H*0, forms shining needles, neutral, 
soluble in 1360 pte. water at 18°, very slightly soluble in alcohol, still less in ether*. 
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gives of£ 1 mol. water at 100®, the rest at 160°. A basic barium salt^ 2C'n®P0*Ba + 
31I‘'0, is obtained, like the corresponding mono-iodosalicylate, in small silky tablets, 
dissolving very sparingly, but with strong reaction, in water, becoming anhydrous at 
160®. The calcium salt, (C’H’*I20*)*Ca + OH'-'O, separates from a boiling aqueous 
solution on cooling in highly lustrous neutral needles, soluble in 1160 pts. water at 
18°, becoming anhydrous at 120° (Liechti). 

.A.ml<losalicylicorMeta-amidoxy1>enxoic acid, C^Il^NO* = C®H®(NH2) j 

is produced by the action of tin and hydrochloric acid on nitrosalicylicacid (heilstein, 
Ann, Ch. Pharm. exxx. 242) : 

C’HXN02)0> + 3Sn + 6HC1 = CaP(NH2)0» + 2mO + 3SnCl» ; 

also by heating the nitro-acid with fuming hydriodic acid and a little phosphorus to 
120°-130°, and by treating the nitric acid with sodium-amalgam (Moitessier, 

1865, 385) ; not by the action of ammonium sulphide (K. Schmitt, Zeitsekr, Ch. Pharm 
1864, 321). 

The liquid obtained by the first process solidifies to a crystalline pulp, consisting of 
a compound of stannous chloride with the hydrochloride of amidosalicylic acid, whicli, 
when dissolved in water, decomposed with hydrogen sulphide, and evaporated in a 
stream of that gas, yields colourless cryshils of the hydrochloride ; and this, when care- 
fully neutralised in aqueous solution with caustic soda, yields a network of satiny 
crystals of amidosalicylic acid. This acid is insoluble in cold water and in ukohol, 
sparingly soluble in hot water. Its hot aqueous solution exposed to the air quickly 
deposits a brown amorphous decomposition-product, which is likewise lormed l.iy the 
action of licids or alkalis. Ferric chloride first colours the solution deep cherry- 
rod, and then forms a black-brown precipitate (more quickly on addition of chlorine or 
bromine). 

The salts of amidosalicylic acid are permanent in the dry state, but very unstable 
in solution ; those of the alkali-metals and alkaline-earth metals are easily soluble, 
crystallisablo, and mostly black-brown ; those of the heavy metals are sparingly 
soluble, easily decomposible precipitates (Schmitt). 

Hydrochloride of Amidosalicylic acid, C’H’NO’.IICl, crystallises in long nocflles 
easily soluble in water and alcohol at tlio boiling heat. The solution, which decom- 
poses oven on exposure to air, depo.sits brown flocks on addition of auric or plalinic 
chloride. T\\q hydriodide, .111, crystallises in yellowish needles or laniinai 

more stable in solution than the hydrochloride. The sulphate, 2C^lI^NO^.SO‘U' -t 
II^O, crystallises in slightly solulilo colourless prisms (Schmitt). 

Diamido salicylic C’lPN’^O® = C"H*(NH'^)^0^, is produced by the action 

of phosphorus iodiae and water on methyl dinitrosalieyhite (v. 164) : 

C’H3(N02)20».CIP + 13111 - C'H\NH2)20® + CH^I + AWO ^ 6P. 


The resulting liquid, decolorised by phosphorus at the boiling heat and filtert d fmm 
amorphous phosphorus, deposits on evaporation a crystalline mass of the hydriodnio 
of diamidosalicylic acid ; and on decomposing this compound in alcoholic soluti-m 
with sodium carbonate not in excess, diamidosivlicylic acid scpara.tes in colourless 
stellate groups of needles. It is insoluble in alcohol, but dissolves easily m lo 
water and in dilute acids, excepting acetic acid. The solutions quickly decompose m 
contact with the air, so that the acid becomes coloured even by recrystallisation from 
water. The aqueous solution is coloured brown-red by ferric chloride or nitrous acui, 
depositing black flocks after some time. 

Hydriodide of diamidosalicylic acid, C’H«NW.2m -t 1 is very soluble 

water and alcohol, more stable in proscnco of free hydriodic acid than 
solution, and crystallises in faintly yellowish rhombic tables. The hydroch o)i ^ 
C^H»N20^ 2HC1, forms square prisms easily soluble in water, less soluble in alcoii"/. 
Tlie C’H‘‘N'^O^SO♦IP + H^O, separates on adding sulphMric acid to nn 

alcoholic solution of the hydriodide, in stellate groups of square prisms slightly so u ) 
in water, nearly insoluble in alcohol. The nitrate has been obtained only m group 
of black crystals (Saytzeff, Ann. Ch. Pharm. exxxiii. 321). i i - 

]>iaxosalloyllo aold, separates on passing nitrous acid 

solution of the hydrochloride of amidosalicylic acid, in slender neeillos, which 
recrystallisod from hot alcohol, hut are decomposed by long boiling, with evoiu ‘ j 
nitrogen and formation of salicylic acid. It dissolves in moderately njj,e 

hydrochloric, hydrobromic, or nitric acid, the solutions on cooling depositing cry 
compounds of these acids with diazosalicylic acid ; heated with 

converted, with rapid evolution of nitrogen, into iotiosalicylic acid. The ny _ ^-iter, 
.dh crystallises in long prisms which decompt^ea ^ • 

leaving dhiil^HlliHlli^'Acid. Platinic chloride added to the solution of the hyd 
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throws down the platinum salt, 2(C^lI*M^O*. II Cl). PtCl^, which is likewise decom- 
posed by water, and when heuttxl to about 200°, it yields a sublimate of 
mlicylic acid^ C^H^CIO*, in long needles resembling benzoic acid (Sclunitt). 

Oxysalloylto Acid. C~H**0*. — This acid, prepared by Lautomanu's process 
[iv. 320), dissolves in 08'7 pts. of water at 21°, mueh more freely in hot water ; melts 
at 183° (193° according to Latttemunn) ; reduces ammoniecal silver solution oven in 
the cold ; precipitates cuprous oxitlc from I'ehling’s solutit)n when heated ; and forms 
with ferric chloride a blue liqtiid turned blood*red by ammonia (Liecliti, Zt’iischr. J\ 
Chem, [2] vi. 197). 

. C*IP, obtained by passing hydrochloric acid gas into 
an alcoholic 6oh\tion of the acitl, and purified by reery^tallisation from boiling carbon 
bisulphide, crystallises from the hitter in tufts of colourless, iuodortms laniinm. It 
melts at 78° ; cannot be sublimed ; dissolves very easily in alcohol and other; water 
dissolves a small quantity of it, but very slowly aiul only after it has deliquesced. Jt 
reduces silver nitrate and Folding’s copper-solution ; colours ferric chloride dai’k blue, 
changing to yellow, anil on wanning to brown-red; forms with lead acetate a white 
precipitate soluble in acetic acid. It is ileeomposed by ammonia, yielding products 
which have not been accurately investigated (Jacchti). 


^ i co-u 


C'll 


,5 

iron ;ji* 


Derivatives of Salicylic Avid containing Alcohol-radicles. 

Salicylic acid, having the constitution represented by the lormula | p 

capable of forming two classes of aci<l ethers, accordingly as the hydrogen ot the 
hydroxyl or of the carboxyl is replaced by an alcohol -radicle, and neutral etlnrs in 
which both these liydroge'n -atoms arc thus replaced; c.g., 

EUiyl-salieylic A<‘i<l « tli>i Mirtliyllc 

acid. H.dieyliiU'. ctli) l-sulieylutc. 

Metbyl-sallcylio Acid. C'Tl* | (Graobe, Ann. Ch. Vhnrm. cxxxvi. 124 ; 

cxxxix. 134).— Obbiined by heating 1 i»t. of winter-green oil (acid methyl salicylate*) 
with ^ pt. pota.ssium hydrate (previously dissolved in alcohol) and 1^ to 2 pu. methyl 
iodide in a closed vessel U) 100°-120° for several lioars, and decomposing t ho result ing 
liquid (decanted from the potiissiuin iodiilo and freed Irom excess of methyl ioclido) 
by boiling with caustic soda. On milling hydrochloric acid, melhyl-Kalicylic acid 
separates, and may be freed from admixed salicylic acid by riicrystaliisation, itr by 
digestion with milk of lime, whcrcly calcium salicylate is separated in the insoluble state, 

Methyl-salicyhc acid crystallises, by slow evaporation of its alcoholic solution, in 
well-defined prisms, wliieh, according to Fammelsherg s determinationK, appear to bo 
monocliuic, exhibiting the combination . ooP oc . ( ceP oo) . (P cc) . Ol . It dissolve* 
Very easily in alcohol and etlier, an<l in about 200 pts. ot water at 20 , much inoro 
easily in boiling water. The solution has an m*.i<l reaction, and is not coloured violet 
by ferric chloride. The acid niells at 98 /i°, under water at 72'\ Above 200 it is 
resolved into anisol (methyl-phenol) and carbon dioxide. Heated with hydrnslic funu 
to ]20°-130° it yields salicylic acid and methyl iodide, and decomposes m a similar 
manner with hydrochloric acid : 

CUT. 


^ i (joni 


ui 




Darium mcthyhalicijlale, (C"IPO’)H}a. is very soluble, ami forms a nmlular crysUlline 
mass. The calcium salt is slightly solulde in cold water, and crystulhses from hot 
water in largo needles. The had salt, ((;'‘iP(P)H>h + JIH), forms tufts of sparingly 
soluble prismatic crystals. The silver salt, CHVO^Ag, is a white precipitate, and 
crystallises from wat. r in stellate groups of needles I hc elhylic cll^, 
C*H«(OCIl^) formed by Cahour’s pnsM-ss (v. 100). or by passing hydro- 

chloric acid gas into an alcoholic srdution of the acid, boils at 2G0° (Graobo). 

MethyUnitrosalicyhc acid, C*1P(NHP) j produced by adding methyl-Balicylic 

acid to fuming nitric acid, forms slender colourless nceines melting at 149° solidifying 
in the crystalline form on cixding, subliming without decomrK>8iLion, sparingly 
soluble in cold, easily in boiling water, also in alcohol and ether ; does not redden 

^^The^^rd'methybethe^ of nitro- and dinitro-salicylic acid are formed, CT olution 
• The methyl-salicylic acid applied Ui wint •• "recu oil in toI. ▼. 
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of nitrogen dioxide, by the action of nitrogen tetroxide (nitroso-nitric anhydride) on 
winter-green oil ; e.g,^ 


and 


NO - No|*^ * WCU« 

Acia methyl Nitrogen Nitrons Acid methyl- 

salicylate. tetroxide. acid. nitrosalicyiate. 

3NO-H = NO^H + N^O'^ + IPO 


(Bunge, Zeitschr. f, Chem. [2] iv. 649), 

Btbyl-aallcylio iA.old. = C*II^ 1 00*11 methylic ether of this 

acid, C*H^(00*H'^). CO*CH*, is prepared by heating winter-green oil with equivalent 
quantities of potassium hydrate and ethyl iodide, or by first converting the winter- 
green oil into methylic sodium-salicylate, C®lt‘(ONa) . CO^OIl®, by treating it with an 
equivalent quantity of caustic soda mixed with several times its volume of saturated 
solution of common salt, and heating this sodium compound with ethyl iodide in sealed 
tubes. When washed with dilute potash, dried, and rectified, it boils at 265'^. To 
obtain ethyl-salicylic acid, the j^ethylic other is converted into a barium salt hy 
prolonged boiling with baryta-water ; this salt, after recrystallisation from alcohol, is 
deftomposed by hydrochloric acid ; and the acid thus separated is dissolved out l.y 
ether. Ethyl-salicylic acid is a colourless, scentless oil, coagulating at — 16® to a viscid, 
nearly solid mass, which, on being removed from the freezing mixture, separates into 
crystals melting at 19*3 to 19-6*^. Its barium salt, (C“H”0“)“Ba, is very soluble in vvati r, 
crystallises from absolute alcohol in interlaced needles, and is precipitated from the 
alcoholic solution by ether. The calcium salt, (C*IPO^)-Ca, crystallises from water in 
microscopic needles. The lead salt, (C®IPO^)'‘*Pb •+■ 211^0, forms slender needhs 
which molt and give off their water at 150®. The silver salt, C®lt’'0^Ag, is a white 
precipitate crystollisiug from water in tufts of needles (Kraut, Schroder, a. Prinzhurn, 
Ann. Ch, Pharm. cl. 1). 

Ethyl-nitro salicylic acid, C‘’II*(N0)^0® = C®1I®(N0''^)| , is oblaimd 

by evaporating ethyl-salicylic acid with nitric acid of sp. gr. 1‘2 and rocry stall is ini^ 
from boiling water, or by heating acid met byl-nitrosalicy late (nitrated wintcr-gix ii 
oil) with potash and ethyl iodide, saponifying the resulting methylic other with potash, 
and removing unaltered nitrosalicylic achi in the form of basic barium salt. Kihyl- 
nitrosalicylic acid crystollisos from boiling water in colourless silky lamiiue ; melts at 
161; solidifies in the crystalline form on cooling; sublimes without decomposition; 
does not colour ferric chloride ; is nearly insoluble in cold water, but easily soliiMc in 
boiling water, also in alcohol and ether. It is isomeric with the acid elhyl-nitro- 
salicyiate, crystallising in yellow needles, prepared by Cahours (v. 166; there called 
ethyl-nitrosulieylic acid), and probably identical with the acid which Perkin obtained 
from othyl-salicylol (p. 1009). The barium scUt, [C®Il*(N0-')0^]^Ba + 2II-0, forms 
colourless, shining, short prisms, often united in crosses, moderately soluble in cold 
water. The silver salt is a white precipitate crystallising from boiling water m 
needles (Kraut, Schroder, a. Prinzhorn). 

Zsopropylsallcyllo acid, | COO^^ ^ ’ prepared like the 

othyl-componnd, is a transparent, colourless oil becoming viscid, but not solid, at 
— 20® ; ucitlier does it solidify when loft for a long time over oil of vitriol. It has a 
strong acid reaction ; mixes with alcohol and other ; is nearly insoluble in colo. 
somewhat more soluble in boiling water, the solution becoming milky on coohntr ; 
does not colour ferric chloride. The calcium salt, (C*®II"0^)^Ca H- 2IP0, 
tufts of slender needles very soluble in hot water. The barium salt, (C‘“H“0 )*b>* 
-f- separates as a gum from aqueous solution, in needles from an aicolm 

solution covered with a layer of ether. The silver salt, 2C“’H‘*0®Ag^ + II ^ 
crystallises from boiling water in tufts of needles. The methylic ether, t 

obtained by heating winter-green oil with isopropyl iodide and alco^iolic 
oil having a faint yellow colour, becoming darker on exposure to light ; boils at 2. * 

sp.gr. 1'062 at 20®; dissolves easily in alcohol and ether; does not colour 
chloride. Heated with alcoholic ammonia, it is converted into the 
which crystallises in feathery needles, soluble in aqueous 
potash, in alcohol and ether ; melts in moderately warm water and dissolves tnere 
(Kraut, Schroder, a. Prinzhorn). 

Benzyl-salloyllc acid, = CW(OC’H0. is 

heating benzoyl chloride with methyl sodiura-salic^datc and alcohol in a seaiou 
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to 100®. The resulting liquid evaporated over the water- bath leaves an oil which 
distils above 320® ; and* by boiling this oil with alcoholic potash, dissolving the 
resulti^ potassiuin salt in water, and adding hydrochloric acid, benzyl-salicylic acid 
is obtained as an oil, which solidihcs in the course of 24 hours, and may be rocrystiil- 
lisod from alcohol, or better from carbon tetrachloride. It melts at 76®, dissolves 
easily in alcohol, crystallises thorefnnn in small tmnspirent plates, and is somewhat 
soluble in boiling water. Its ammonium salt is decomp4>«ed by evaporation. The 
silver salt^ C*^H‘*0*Ag, is a white precipitate, inciting at 100®. The had and 
•mercury salts are white, the cojyper salt is a pale apple-groeri precipitate (Perkin^ 
Chan. Soc. J. vi. 122). 


Derivatives of Salicylic Acid conlairiiny Organic Acid Radicles* 


Acctyl-aaltcyllo acid, C®II”0* = ob'iainod by Oilm {Ann* 

Ch. Pharm. cxii. 180), by tlie action of acetyl chloride on salicylic acid, is likewise 
formed by the action of acetyl chh>ri<lo on sodium sulicylate, in which case Qorhanlt 
HuptioBed aceUjsalicylic anhydride to be formed {ibid. Ixxxviii. 1(>2) ; it -may bo 
extracted from the product by ether, and remains, after the distillation of the latter, 
as a nearly colourless oil which quickly crystallises. It separates frtmi Ixiiling water 
in very loosely aggregated slender noodles ; lias a strong acid reaction ; melts when 
heated, and resolidifies in the crystalline form if it has not been heated above its 
melting p<jiut; the recently fused aei<l solidifies at 118”-118'6®. It dissolves very 
sparingly in cold water; molls when heated under water, and is not peireptibly 
decomposed by prolonged boiling with water ; dissolves ojisily in alcohol, other, and 
benzol; colours ferric cliloride like salicylic aci<l ; decomposes carbonates; is pre- 
cipitated by acids without alteration. With exec'ss of hot bjirytji-wator it yields 
salicylate and acetate. When heated with ammonia it forms ammonium salicylate, 
and probably acetamide, but no salicylamide (salicylamiile is not converted into 
ammonium salt under the conditions just inentiomd) (Kraut , {Schroder, a. Priii/.horti). 

(C’lPO)" 

Salicylosallcyllc or Bisalicyllc acid, 


()» or 


O— C*JP-~COdr 

I , also called Salicf/lU- anhydride (v. IGO), is fornuHl when a 

0:ziC-C«n«— OH 

mixture of acetyl chloride and salicylic acid is Iieatcd for sonn* time to 130^-110® in 
a flask with upright c<jiidenser, and sepanitcs ns a yellowish oil on boiling ths 
pres I net with water ; also, togt-ther with acetic anhydride, by luxating accdyl-salicylic 
acid to 140®-170®. It is ol>tairu«l pure by boiling the oil with water, dissolving the 
remainder in ether, decolorising with animal charcoal, dehydrating, and cA’aporating. 
It then forms a transparent amorphous liglit yrllow mass, which by sUinding over oil 
of vitriol, or warming, becomes hard, britth;, and triable, aii<l <lisHolvc8 easily in 
alcohol, ether, and benzol. When treated wotli alkaline carbonates, it forms easily 
sohible salts, from which it is precipitated by acids in its original stale. It is eonverte<l 
by aqueous ammonia into salicylamide and ammonium salicylate, and when furtluu’ 
heated, gives oil’ 1 mol. w'atcr, and leaves trisnlicylosalicylic acid, according 

to the equation: 2C“II'‘'0" - IIHJ + 

Trlsallcylo-ssaicyllo or Tetrasalicyllc acid, jp ^ JO* or 

II o — (0*11^)"— (COOC:«I l *y ~{ COOtril*)"— (COOC^II •)"— COOI r.— T1 i is bomixmnd , 
obtained, as just mentioned, by dehydration of disalicylic acid, is also forimxi wlien 
aceUjsalicylic acid is heated as long as acetic anhy<irjde continues to go f)ff, and till the 
temperature has risen to 230®-240®, and a drop of the distillate becomes turbid when 
mixtxl with a little water. The viscid residue may be purifitnl in the same 

manner as the preceding conqiound- Tetrasalicylic acid is a tliick light yellow oil, 
which becomes hard and brittle much more quickly than disalicylic acid ; iw^ftens at 
about 70 ® ; reacts with solvents, caustic pijtash, alkaline carbonates, and ammonia, 
like disalicylic acid ; and when further hcattr«l, yields Sfilicylic acid, phenol, carbon 
dioxide, and a body, C«H*0, formerly obtained by Limpnclit and by Marcker from 
salicylide (v. 161). 

■teptajMillcylo-aallcyllo or OcfoaoUcylic Acid. ya 

or 110 (CH*)" — (COOCU*)* -COOH.— Prepartxi by heating 1 pt. phosphorus 
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oxychloride with 2 or 3 pts. of finely pulverised sodium salicylate to 150° in a fiask 
with tipright condenser, till the whole is converted into a viscid mass ; expelling tha 
excess of oxychloride in a stream of dry air at 110° ; boiling with dilute solution of 
sodium carbonate, then with water ; digesting the dried residue with ether to remove a 
small quantity of disalicylic acid ; again drying the residue, and dissolving it in 
boiling benaol ; pouring the concentrated solution into a lat^e quantity of absolute 
alcohol ; immediately collecting the amorphous flocks which separate on a filter; and 
freeing them from benzol and alcohol by leaving them over oil of vitriol frequently 
renewed. Octosalicylic acid thus prepared is a loose white powder, becoming 
strongly electrical by friction ; insoluble in water, ether, and cold alcohol, somewhat 
soluble in boiling alcohol, easily in benzol ; solidifying after fusion to a brittle resin. 
Heated for three hours to 200°-220° in a stream of hydrogen, it loses 7 ’2 p. c. of its 
weight, yielding carbon monoxide, and a sublinuite consisting of salicylic acid and 


it is probably identical with salicylicle (v. IGi; (^Jvraut, esenroaer, a. jrrinziiorn;. 

S.a.X.ZCYXiOXi. SaUcyl Hydride, Salicylic Aldehyde. - 

This compound is obtained, according to E. W.* Davy {Laboratory, p. 361), by 
distilling poplar-twigs which have lain for some time exposed to the air. 

Salicylol is converted by phosphorus peniahroyrdde at ordinary tompcKitures into 
monobromosalicylol, C’H^BrO^, which crystallises in tufts of doiitated sc;iles or 
laminte melting at 98°-99^. FentacJdoride of pJwsphorus acts differently, producing 
dichlorocresol, C’H‘’CPO (L. Henry, /tvitschr. f. Chem. [2^ v. 371* 478). 

Salicylol unites directly with acetic anhydride. A mixture of the two heated tor 
four or five hours to 150° becomes perfectly fluid, 

potash, solidifies to a crystalline mass of the compound C^HW.C^H 0». riu.s 
c^ompound crystallises from alcohol in thick transpirent plates with bevcllod cdgo.s ; 
melts at 103°-104° ; distils with partial decomposition; is insoluble in water, 
sparingly soluble in cold, easily in boiling alcohol; and when heated with water to 
150°, is resolved into acetic acid and salicylol. Cold potasli docs not act upon it. 
The solution in nitric acid deposits salicylol in the form of an oil, on^ addition ot 
water. Methyl-, ethyl-, and acetyl- salicylol also unite directly with acetic anhydride, 
forming crystalline compounds (Perkin, Chem. Soe. J. [2] v. 586). ^ 

Salicylol is an alcoholic aldehyde, as indicated by tlio formula above given, and its 
alcoholic hydrogen may be replaced by alkali-metals, alcohol-radicles, and organic 

C«H'(ONa)l. CIIO, originally obtained by the action of «odium on 
salicylol in aqueous solution (v. 169), is more conveniently prepared by ”4,, 
salicylol with sodium ethylate. Sodium is dissolved in 20 to 30 times its weight > 
absolute alcohol, and the hot solution is mixed with an equivalent 
salicylol, whereupon sodium salicylol immediately begins to separate in 
laminxs which may be purified by washing with a little alcohol (1 erkm, C/wm. .u 

^^Cupr^^'ealici/lol is decomposed by cyanogen chloride in aqueous 
salicylol, cupric chloride, and cyanic acid, ^ which is immediately traustorinc 
ammonium carbonate : 

(C’H^02)‘Cu + 2CyCl + 2IHO = 2CHP02 + CuCP + 2CyHO. 

But when gaseous cyanogen chloride is passed over cupric salicylido 
100°-120°, cupric cyanide is formed, together with an oil which sohdmos nCIvCl 
to a mass of silky needles, consisting of clilorosal i cylol, (C^H’O } Cu + ; 

= CuOy^ -H 2C^IPC10- (Schiff, Ann, Ch. Fhar/n. cl. 199). 

Alcoholic Derivatives of Salicylol. 

*.etl.yl..»Mcylol, C*HKOCH>).CHO, isomeric with ll 

heating pulverised sodium-salicylol ^wo or three hours with rath separate^ 

equal weight of methyl iodide and 2 or -3 mol, alcohol to 135 

on mixing the contents of the tube with water, as a nearly ® is heavier 

washing with weak potash-solution, distils at 288 • -ff mixture; gi^®* 

than water, nearly insoluble therein ; does not solidify in a ^ , i compounds 

off hydrogen when treated with sodium ; foimis crystallisable, easily soluble ^ 

witl/the^a^id sulphitos of alkali-metal Treated with ^lid 

converted into methyl-bromosalicylol, ^ ^ ,V i , qo_n 4 ' 5 °, A 

mass, which crystallises from hot alcohol in flat prisms melting at 113 
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mixture of methyl-salicylol and alcoholic a??i7noiiia becomes syrupy in 24 hours, and 
yields on evaporation a viscid pnxluct perhaps analof^ous to hydrobenzamide, which is 
converted at 160°-170° into a base. The suhition of nn'lliyhsalicylol in nitric acid 
of sp. gr. 1*4 separates, on addition of water, a dark -coloured heavy (dl, which by 
fuilher treatment with nitric acid is converted into a solid uitro-acid (Perkin, Chem. 
Soc, J. [2] V. 418). 

Stbyl'-sallcylol, = C®II*(OC-lI'*).(’lIO, prepared like the methyl- 

compound, is a nearly colourless, heavy, strongly refracting oil, having a faint odour, 
boiling at 247°— 241)'^, not soliditying at low temju rat uros, nearly insoluble in water, 
miscible in all proportions with alcohol and etln'i*; it does not unite with alkalis, 
but forms crystolliiie compounds with alkaline bisulphib's. The stxiium salf^ 

. SQ^HNa, cryst>illis(*s from warm alcohol in silky needles, fnun water in 
long efflorescent prisms, is decomposed by heating to 100°, also l)y liydrochloric acid 
and by jwtnsli. With bronnne elhyl-salicvlol forms ot h yl-bromosalicylol, 
0®JI*Br(OC*IP) . coil, which crystallises from alcohol in Hat obliqtio prisms, melts 
at 67°-68°, and forms a crystalline c(»mj><mnd with acid sodium sulphite (Perkin, 
loc. cit.). 

A solution of cthyl-salieylol in alcoholic ammottiti gradually deposits a viscid oil 
which crystallises on standing and consists of li y d ro- e t h y 1 sa I i cy 1 a m i do, 
C*’JP®N*’0^, formed according to the equation ; 

3CT1>®0* + 2N1P 311*0 + 

Tl>is compound dissolves sparingly in cohl, more easily in hot alcohol, and crystallises 
llierefrom, with partial decomposition, in small <»bli(pio prisms ; melts at 100^^ ; solidi- 
fies to a resinous mass ; dissolves in liydrocbloric acid, not in cold potash-ley ; and is 
conyerted at 1GO°-I6o° int<J an amorphous isomeric base, eth yl-sal id i ne, This 
base is very bitter, and forms a platiimeliloride, ‘2(C‘TP'^N*0’'. IICl). Pt('P, wliiiHi is 
deposited from its alcoholic solutiiui on evaporation ns a pale orange-yellow crystalJiiie 
pow'der (Perkin). 

Fuming nitric acid converts ethyl-salicylnl into a dark yellow oil precipitablc b^ 
^rttor — probably ethy I - n i lro.sa I i ey lol— whicli l)y furtlur treatment with nitric 
Jicid is converted into e th y 1 - iii t rosal i ey 1 ic arid, Tills 

acid crystallises from alcohol in large pale yellow ]UMsmH, nu lts at 1G3°, and has a 
strong acid reaction. Its silver salt, is a jiahi yellow ]ire(’i]>itale. 

All yl iodide to IGO® with sodium-salicylol and .alcoliol, forms an oily i>roduct. 

With a;??/// an oil is likewise obtained, w'hicli forms a erystalllsablo comi)ound 
wdth sodium bisulphite (Perkin). 

Bensyl-xallcyloli C'UPW - (:'dI'(OC’H').('no, isomeric with benzfun, is 
produced by heating a mixture of equivalent, (juantities of scxlium salieylol and benzyl 
chloride with several times its volume of ah-»)hol to ]2()°-l 10^ ; filtering Irorn sfxiium 
chloride; evaporating; di.stilling tht» rcmiaining <jily liquid, tlie greater j)art of wliich 
passes over above 32°; washing tlie oily ilist illale wil li yxjta.sh-solution, and then 
agit,atirig it with a strong solution of srslium hisuljdiite, with which it slowly forms a 
erystilliiic compound. Tliese crystals an^ <lissolved in <*<)]<1 water; 1 Ihj solution freed 
from oily impurities hy etlier is mixed w'itli sodium curhonale, ; and tlu; body thereby 
separated is dissoh'ed in ether, and fdUaimxl hy evajnrat ion as a viscid <ul, which 
gr.'idually solidifies on agitatiim, and may he purified by recryslall isat ion from alcohol. 
Berizyl-salicylol thus obtained un its at4(i°, and boils at a temperature above the range 
of the mercurial thermometer. When cold it has a faint aromatic odour, like tliat of 
cloves; when heated it emits a ]»ung4*nt suftocating fslour. Jt is soluhlo in ether, 
carbon -tetrachloride, benzol, and alcohol, from which it crystallises iir fnuisj>aront 
flat oblique rhombic prisms. It dissolves sparingly in boiling water, and with yellow 
Colour in sulphuric, acid and ah'oholic. |M>tasli-sf>luti(Jii. ft is attiick<'<i by br<»mino 
and nitric acid, unites with alkaline bisulphites, and forrms an oily j^ro^luct wl^i'n 
heated with acetic anhydride (Perkin, Ch^m, Sor. ./. [2] vi. 122). 

iLoetyl-sallcylol. 1’lIO 

181). — This compound, isomeric wdlh conmaric acid, is prrxlueed hy adding acetic 
anhydride to pulverised srslium-salicylol suspended in dry et her, decant ing the ethereal 
solution after 24 hours from the sodium acetate pro<iuce.<], and evaporating it over the 


• A body havlni? this compf»sition wa.'i (IcHcrtljerl by Cuhoar« a« ot»talne<3 by the netJon of acetyl 

chloride on saUcyloJ (v. MU). KhUter however did rot in nrejairiiiK it In thk* way 

(Jahre$b 18t>7 d .'»I7) ; and IVrkin (rAe/. I««7, p. 4:{:i; obtaine-rl thcret»y, not W!<*tyl-*aIIeylol, but 
d l-sallcylol or paraHal icyl tf>- 101 1 ). Morerner, the comixiiuid ohlnined hy rrahouri (locn not 
agree in its properties with that j reduced hy Ihc aetiorj of acetic anhydride on wilUjylol. 

Sup. '1' 
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water-baUi. Acetosalicylol then remains in the form of an oil which soon solidifies to 
a crystalline mass ; its formation is represented by the equation r 

+ (C^H=0)*0 = C*H«0(0Na) + 

Acetyl-salicylol melts at 37°, and resolidifies to a satiny crystalline mass; boils at 
about 253°, and distils with slight decomposition. It dissolves easily in ether and in 
alcohol, and crystallises thorefi’om in sil% needles ; the solutions do not colour ferric 
chloride purple. By potash it is resolved into potassium acetate and potassium 
salicyloi ; 

+ 2HOK = CTPO(OK) + + ffO, 

whereas coumaric acid similarly treated yields acetate and salicylate of potassium, 
with evolution of hydrogen : 

“ cm>0(0K) + + H"- 

Acetyl-salicylol is decomposed by boiling with water. It unites with acetic a7ihydr\de 
when the two are heated together to 160°, forming a crystalline conipound, 
C“II*0®. analogous to that of salicyloi (p. 1000). This compound melts at 
100°-101°, decomposes when distilled, and separates from solution in aeetic anhyclrido 
in oblique four-sided tables. It is soluble in ether, carbon tetrachloride, and beiii'Di, 
easily soluble in hot, sparingly in cold alcohol. By water at 160° it is completely 
resolved into acetic acid and salicyloi. 

If instead of adding acetic anhydride to sodium salicyloi suspended in other, and 
decanting from the sodium acomto as above described, the sodium salicyloi bo dissoh ed 
in acetic anhydride, the solution boiled for a few minutes, and then poured into water, 
an oily body separates, while sodium acetate remains in solution. On distilling 
this oil, acetic anhydride passes over first, then salicyloi, and finally at 290'^ 
coumarin, which crystallises in the receiver. This compound results from 

dehydration of acetyl-salicylol formed in the first instance : — IPO = C’TI''0'; 

and its formation appears to depend \ipon the presence of sodium aceUito, inasmuch as 
acetic anhydride alone produces only acetyl-salicylol. Perhaps the anhydro-aeetate, 
C*II^O*Na.C^H®0* (which Perkin has obtained in needle-shaped crystals by di.ssolving 
sodium acetate in acetic anhydride), plays some unexplained part in this reaction. 

Butyric coumarin^ C*'II’®0''^, and vaieric coumarm, are obtained in like 

manner by the action of butyric and valeric anhydrides on sodiuni-salicylol (p. 509). 

Butyryl-salloylol. (Perkin, Chem. Sue. J. [2] vi. 

472). — Prepared by leaving an ethereal solution of butyric anhydride in contact with 
Bodium-salicylol for two or three days, then decanting from the sodium-butyralo, and 
proceeding as in the preparation of the preceding compound. It distils between 260 
and 270 °, as an oil smelling like butjoric acid and salicyloi. It is quickly decompo^c<l 
by strong yielding potassium butyrate and potas.siuni salicyloi. tn 

heating it to 140°-150° with acetic anhydride, and leaving the slightly brown mas^« hi 
contact with wiiter for two days, crystals are obtained having the compos^ition 
and identical with the above-described compound of acetosalicylol wOli 
acetic anhydride ; an interchange of the radicles acetyl and butyryl must theroforo 
have taken place. 

When a mixture of butyrosalicylol, butyric anhydride, and sodium butyrate im 
heated to boiling for a short time in an open vessel, then washed with 
distilled, the last third of the distillate solidifies on cooling, and when * 

lised from alcohol, yields pure butyric coumarin, 

and this compound boiled with potash is converted into butyro-coumaric acu. 

isomeric with butyrosalicylol. (See Coumarin and Coumaric Acth, 

pp. 500, 601.) 

Benmpyl-salloylol. (Perkin, Laboratory, : 

Zeitechr. f. Chem. 1867, p. 346). — Produced by the action of benzoyl 
sodium-salicylol, and separates on treating the product with water, as a tiic 
which distils at a temperature above the range of the mercurial thermc ?n*staUiHe 
forms a white pulverulent compound with acid sodium sulphite^ -tR^lcoholic 
compounds with the acid sulphites of potassium and sodium. Hea^d witli a 
potash it yields benzoic acid and salicyloi ; with alcoholic ammonia it forms a 
viscid product, together with a crystalline body: 
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VHien salicylol is mixed with an equal weight of acetyl chloride, a large quantity of 
hydrochloric acid is evolved, and the liquid on cooling deposits hard prisms, which 
when purified by recrysallisation have the comj)ositiou The compound tlnis 

formed is therefore isomeric with benzoyl -salicylol ; it is identical with ICttling’s 
porasalicyl (v. 170), and is regarde<i by Perkin as disalicylol, its formation taking 
place in the manner represented by the equat ion : 

COH 


+ C’H’OCl 


Salley lol. Acetyl 

chloriiio. 


IlCl + + 




mi 


¥ 


Acotlo 

Held. 


COH 

Dijsalloylol. 


The same body ia formed by tho of benzoyl chloride (v. 170) and of sucoinyl 

chloride on salicylol. It does not unite with alkaline biHulphitcH. and when heated to 
150® with acetyl chloride, is converted into a non-distillable oil, which appears to 
contain chlorine and acetyl, and is decomposed by boiling potash-ley, with formation 
of salicylol, 

S/^UCTliOXif iLlIXZBXB and xntBZBES OF (Sohiff, Zeitschr.f. Chnn. [2] iv. 
636 ; Ann. Ch. Phirm. cl. 193).— Salicylol and ethyl-salicylol are acted upon by 
organic bases at ordinary temperatures, wnth rise of tomperaturo and elimination of 
water. 

Aniline forms the two compounds ; 


cm* 


^on 


)cn-N.c«iP 

SalUydranilicio. 


, cnz:NC«n* 


Amylamint forms two corresponding hydramylnmides. With ethylaniline the two 
following anilides are obtained: 
i^Oll 


C'lP 


)cii(N.cnp.c«u»)* 

SalhyclrcthylttnilMe. 


icil(N.fVm‘.C"IT‘)» 

Etliyl'NiIliyilrctliaiiilido. 


All these anilides are yellow liquids, of aromatic odour, insoluble in water, solid)le in 
alcohol and ether, and destitute of basic properties ; they (b) not f.»nu plalinochlorides. 
When exposed to the air, they quickly turn brown, and after a wliilo, eKpocially tho 

ethylic derivatives, aesumo a deep emerald-green c(dour. 

In cupric salicylol, (CM(H)OH’u, the copper replaces the a]c<dndic hydrogen, Mm 
compound retaining its aldehydic properties. Aniline, nrnylannne, an<i fused lolu.dino 
act upon this compound, with elimination of water : and tl.e product, after washing 
with water and alcoh.d, leaves a green shining crystalline mass, whic li, in the case of 
aniline and of amylamino, exhibits the composition reprcHonti^d by the following 

formulae: , 

( rHz:NC‘'U2 ; CH— NC‘]I '• 

jo|^“ 

jciI— SCMI* . 

Cupric Balhydranilhle. Cupric SalliydnimyUdo. 

Ethyl-aniline does not act on cupric salicylol. Toluylenc-diamine on the other liaiid 
acts upon it at 100®, forming a compound which may be represented as 

Cupric Salhydrotoluylenam ido, Cu j ^ j j , f;lf j::N ( ' • 

When salicylol acts upon urea, cither in aqueous solution or in the fused state, the 
first or second of the following salicyl-ureidcs is prcxlucotl : 


cm*] 

C-U‘ 


CH* 


/CH— NCH‘> 




CO .NWl jjo o-IP.OII 

Dlureide. Trll.«l.Ia. 

The diureide form* colourless priem* conlJiining I mol. water, which is given off in a 
■racunm. The triureido is a yellow crystalline pf.wdor rcHcmhling Iiydriwalicylamulu. 
This latter body i» formed, together with cyanunc aetd, when the Balieyl uretdo* aro 
W^iA ^y^h^eir filing’ poTnU. The »ol«tion« of the«, uretd*. form with cuprtc 
acetate, olive-gjeen crystalline precipitat^ c^msisting of. 
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CO. N*H* ) firTTiQ \ 

CO.NWP^ 


Cu 


CO.N‘-'H« 

CO.N^H^ 


Cu. • 


Alcoholic ethyl iodide decomposes these copper-derivatives at 100°, forming the corro. 
sponding ethyl-derivatives, which however were not obtained pure by this process. 
The ethylic diureide has however been prepared in the pure state by tlic action of 
ethyl-salicylol on urea in aqueous solution. It has the composition 


gQ-^!;g3|nc.c«n<.o.CTP + h-o. 


The molecule of water is given off at 100°, with partial decomposition. 

: 'SAXtXCTXiOiaTrRXXtE. C^JPNO = C«H^|^^. Salicylimide . — This compound 

(or a polymeride of it), discovered by Limpricht (v. 166), is produced by heating salicyl- 
amide, C^II’NO■^ to 270°-300° for several hours, and may be purified by washing with 
boiling water and recrystal lisation from c-arbon bisulphide or oil of turpentine. It is 
nearly insoluble in alcohol, ether, benzol, and chloroform, dissolves more easily in 
carbon bisulphide, and in about 200 pts. of boiling oil of turpentine. It dissolves 
without alteration in strong sulphuric acid, also in aqueous or alcoholic potash, and is 
precipitated from the alkaline solution by acids ; but by fusion with potassium hydrate 
it is resolved into salicylic acid and ammonia. It melts at 280°-285°, sustains with- 
out decomposition a temperature of more than 350°, and sublimes in small portioiiR 
in the form of a yellow crystalline powder. It takes up bromine, with elimination of 
hydrobromic acid, and the brominated product, heated with a quantity of pohisli-solu- 
tion not sufficient to decompose it completely, is converted into a scarlet powder. A 
similar red compound is sometimes obtained with non-brominated sal icylonit rile. 
The great stability of the compound obtained by healing salicylamido seems to show 
that it is rather a polymeride of salicylonitrile than lliat compound itself. To obtain 
the latter, salicylaniido was fused with phosphoric anhydride, whereby a white snh- 
stanco was formed, melting at 195°, insoluble in water, soUiblo in alcohol, and easily 
resolved by aqueous potash into siilicylic aci<l and ammonia, but it has not yet been 
obtained pure (Orimaux, Bull. Soc. Chvm. [2] xiii. 25). 

Bcmoyl-salicyloniiTile, (called by Limpricht, bcnzoylsalicylamide), 

is produced by gently heating salicylonitrile with benzoyl chloride, and after solution 
in boiling alcohol and treatment with animal charcoal, forms small white laTnl^a^ 
melting at 148°-149°, sparingly soluble in cold, more easily in boiling alcohol, very 
slightly soluble in water. The alcoholic solution prepared with aid of heat is coloured 
rod by ferric chloride (L. Henry, Zeitschr. f. Chon. [2] vi. 53). 


SAXtXGEM'XN' and SAXilRETZET. Saligcnin, is formed, together with 

clucose when an aqueous solution of salicin is exposed to the air. Heated in aqueous 
solution to 100°, it is converted into saliretiu, C’K®0, or rather C'Tl'^O^, wliieli 
separates as a resin (Moitessicr, Jahresh. 1866, p. 676). 

Aceiyl-salireim, C'HI>'(C-THO)0", is prpducod l)y heating the sodium or leml 
compound of saligcnin with di- or tri-acetylglucose. 

8jBI^]ig'l>il.Xi-lXr001>« According to 'Weidel. (Zeilschr. f. Chem. [2] vi. 83), the red 
resin obtained by exhausting the pulverised wood with slightly alkaline water ami 
pi^ecipitating with hydrochloric acid, yields to ether, first a colourless crystalline 
santal, C«H«0^ isomeric with piperonal (p. 947), and by further extraction a cimia- 
bar-rod crystalline powder, C'^H‘-0' (?), apparently not identical with Meiers santaiin 


Santa! crystallises from hot alcoliol in quadrangular iridescent laminrc, 

2C‘*H®0* + SH^O ; it is insoluble in water, slightly soluble in cold alcohol, and w' le 
once crystallised does not dissolve easily in ether ; the best solvents for it are c i u 
solutions of caustic potash and soda ; ammonia dissolves it but sparingly. JbV jUb 
with potash it is converted into protocatechuic acid. The red resin of sanaai- 
fused with potish yields, as principal products, pyrocatechin and resorcin. 

SAXroSXOtOERXTE. A mineral found, together with enargite, in the 
of Yottli in Peru. It is iron-black with metallic lustre, very brittle, and has ^ 
choidai fracture. The crystals are hemihedral forms of the regular system t ^ 
hedrons combined with a scalene icosi-tetrahedron, &c.), and have an 
cleavage. Hardness = 4-6 to 4 75; sp. gr. = 4-369. Contains 41-08. p. c. copF'- 
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2*77 lead, 7'19 tin, 2*38 iron, 7*19 antimony, 14* 7o arsenic, and 26*12 sulphur (Breit- 
haupt, J^rest. 1866, p. 918). 

S.A.nromirAJtZirB. This alkalo’ivl, to which J. Bchiol ossi^ed the formula 
C'*H”NO*, has been re-examiuod by Naschold {J. pr. Chem, cvi 385 ; Zeifsvhr. 
f, Chern. [2] vi. 119). Prepared from the r(.)ot t*f Snut/niiiana canade 1 ^sis, ib gave by 
analysis numbers agreeing with tho formula t''Ml‘''N6‘. The hydrochfaride prepared 
by saturating the ethereal solution with tlry hvdrogfii chloride has, after drying in a 
vacuum, the composition C‘Ul'*NO'. IICI + IIH). The platinocMoridtt dried at 
100° is 2(C*’11‘“N0^ . IICI) .PtCl* ; the p/attnocynnide precipitated by adding a hot 
solution of potassium plutinoc^anido to a solution of the sulphate contains 
2(^C”H‘*NOMlCy). PtCyh Double ami tutreury of complex constitution 

were also obtained. 

02LPOirZ2r ami SAPOOEiarXW, llochlcdcr, from a renewed investigation of 
saponin and its products of decompositit)n {^Zeiftadir. f. Cht'tn. [2J iii. 632), diducos for 
saponin the formula and for Hapogenin, C ‘11**0-, whence the con»pleto 

decomposition of saponin would bo rcpresenled by the equation . 

^ 2IPO = c“jr*-o- + acii'-O'*. 

Sapogenin is soluble in alcohol and in ether, and crystallises froni the former by slow 
ovaiwration in concentric groups of needles. I'rom solution in dilute aqueous iX)Uvsli 
it is precipitated by stronger potash-ley, as llucculcut potassiinn-sapinjiuin \ \\w solu- 
tion in alcoholic potash is precipitated by water only when the potash is in excess. 
AVhen sapogenin is healed with potassium hydrate till deeomposiMoti commences part 
of it is resolved into acetic acid, butyric acid, and a sott brown substance, and the 
undocomposed portion when separated by polasli melts at 128°, whereas before the 
treatment with potash it does not licpiefy at UiaL temperature. Iho decon.poHitioiiH of 
saponin formerly nicntiouod (v. 191) may bo explained, in accor<lance with the 
composition of sapogenin above given, by .supposing tliafthe gelatinous substance 
resembling quinovin is formed .simultaneously with 2 molecules oi sugar. 


!?npoaiu 


IVO - -1- 2C“H'‘-0''; 

tJclutinoiis Sugiir 


and that the second product, distinguished from sapogenin by its easy solubility iu 
alcohol, is a compound of sa]>ogciiin with I mol. sugar. 


2C“1D'02 ^ Cll’-O" == C»ni»TP -t- 


ir^o. 


The conipouml obbiinwl l.y Fr.:-my from saponin, and designated as * 

is rejpirded by Kuchleder as and its formation is ropresentud by the 

equation. + C"JL’'‘‘0“. 

SARCmzS. The following method of estimating this subsUinco, together with 
xanthine, in muscular flesh is given by Neubam.r 

Jahresb. 1867, p. 880). The ar,iie<ms extraet of 2o0 to oOO grms (d . 

meat (freed from albumin by heating) is mix, si with basie. load acctatx3, ; 

the filtrate freed from load by hydrogen sulphide is 

the creatine in it is determined by a process alrca.ly descnbcl (p. oOl ) , and t 

liquor, freed from alcohol, diluted to 100-160 c. c., and made strongly alloiline by 

arnmonia, is mixed with an alkaline solution of silver nil rate, i ho Tf 

tate is washed with ammoiiiacal wat. r ami dissolve, in liot nitric iin, 5 cte<i ’ 

and the sarcine double salt, fPII‘N‘0 . Ag^O^ w ne . separates f 

on a filter after six hours, washtKl with water till the acid reaction is removal, and 
weiirhe,! after drying at 100°. From the aci,l filtrate tlie 

lated liy supersuturation witli (inim<jiiia, in Iho form of Iho comjH.uiid G II ’ 

ByVhiVpr^rNeuhauor has found in hoof 0010 to 00117 p. a, sarc.no. in ox-oploen 
0*016 p. c.*and in extract oi meat 0*69 p. c. 

BAJtCOBZWB. A comiKUiud of Diis base with zinc chlorido. Imving the 
tion 2C*H’NO* ZnCl-, is obtained a» a cryBtallino procipilato on mixiii(? the alcoholic 
Xfon.® f pV^rio’aine and zinc cb.orido ; it often separalos .n ti. fijnt a. 

SiSfa^TrjlfiSJy i‘>-hoi: It diaaolvea very 
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from the zinco-chlorides, crystallise well, and afford the means of separating the two 
bases when they occur together. 

SJL&RACBXrXirB. An alkaloid occurring in the root of Sarracenia purpurea 
It is bitter, soluble in alcohol and ether, and forma a crystallisable sulphato fSt 
Martin, Zeitschr.f. Chem. [2] ii. 442). 

SiLSSAFRiiS OXZi (Grimaux a. Euotte, Ann. Ch. Pharm. clii. 88 ; Zeitschr 
f. Chem. [2] v. 411). — This oil is a mixture of a laevogyrate hydrocarbon and aii 
optically inactive oxygenated body, together with a small quantity of a phenolic 
substance, which gives it the power of reducing silver solution. This body may be 
extracted from the oil by potash, and the alkjiline solution mixed with hydrochloric acid 
deposits a few drops of an oil which smells strongly of eugenic acid and colours ferric 
chloride green. 

The hydrocarbon, safrene, has the composition C*®H**. Vapour-density, obs. 
4*71 ; calc. 4*7. Boiling point 155°-157®- Sp. gr. 0’83’45 at 0°. Rotating power 
[a] = -l7-5°. 

The portion of the crude oil of the whole) whiph passes over in the first distilla- 
tion between 230® and 236® consists of safrol, which boils Letwoon 231® 

and 233®, but not constantly, because a small portion of it becomes resin iseit at 
the high temperature, Safrol is insoluble in water, is not easily dehydrated by 
calcium chloride, and for complete purification must bo distilled in a stream of dry 
hydrogen. It smells like sassafras oil ; has a sp. gr. of 1*1 141 at 0°; is optically 
inactive; remains liquid at --20® ; does not unit© with acid sulphites of alkali-metal ; 
does not dissolve sodium ; does not act on benzoyl chloride oven at the boiling 
temperature of the latter ; does not dissolve in alcoholic potash even at 120°, but is 
converted by that reagent at 180° into a black uncrystallisable resin. With boiling 
hydriodic acid (at 127°), it forms a thick green iodated oil. It reduces phosphorus 
pentachloride to trichloride without formation of oxychloride, and is itself converted 
into a thick tenacious nia^, probably monochlorosafrol. A similar product is formed on 
bringing 1 mol. safrol in contact with 1 mol. bromine ; but on adding a large excess of 
bromine, crystalline pcntahromosafroly is produced. To prepare this 

compound, Spts. of bromine are added to a solution of 1 pt. safrol in carbon bisulphido. 
A large quantity of hydrobromic acid is then evolved, and after a few days crystals 
separate ; and by dissolving these in chloroform, washing the solution with potash- 
ley, and concentrating, pontabromosafrol is obtained in perfectly white rectangular 
laminae. It molts at 169®-! 70®, is but slightly soluble in alcohol and ether even at 
the boiling heat, dissolves in about 15 pts. of chloroform. Simultaneously withpenta- 
bromosafrol there is formed another brominated product melting at 109®, 

Nitric acid, even when very dilute, resinises safrol, with formation of oxalic acid. 
Fuming nitric acid dissolves it, and converts it into a non-crystallisable body, soluhlo 
witli blood-red colour in alkalis. Safrol is carbonised by heating with zinc chlondo, 
phosphoric anhydride, or sulphuric acid. Melting potash attacks safrol with difficult}, 
but sassafras oil distilled over melting potash becomes altered in boiling point, the 
portions which otherwise distil at 230°— 234®, afterwards passing over only at 
245®-250®, and chiedy at 247°-248®. This distillate has the same percentage compo- 
sition as safrol. 

SCOPARZHr. This substance, the yellow colouring matter of Spartium scopanutn^ 
(^v. 208), is resolved, like quercetin, by fusion with potassium hydrate, into pliioro- 
glucin and protocatechuic acid, perhaps in tbe manner represented by the equation . 

+ 0» *= C«H®0* -t- 2G'H*0‘ -t- CO* + 2H*0 

Sooparln. Phloro- Protocatechuic 

glucin. acid, 

(Hlasiwetz, Ann. Ch. Pharm. cxxxviii. 190). 

BBBBXa’XiniC. Allotropic Modifications. — Red crystallised selenium, the 
clinic modification soluble in carbon bisulphide (v. 222), is intermediate in 
gravity between the black and red amorphous varieties, and may be ^egarde 
analogous to monoclinic sulphur. Selenium abstracts chlorine from sulphur cnlon » 
S*C1*, and forms selenium chloride, Se*Cl*. If the selenium is in excess, 
sulphide remains behind on distillation, soluble in carbon bisulphide, and jS 

therefrom in red prisms. Selenium in either of its modifications dissolves very r J 
in the chloride, I^*C1*, and separates very slowly on cooling. The selenium 
separated, in the cold^ belongs to the black modification insoluble in carbon 

It does not, however, form crystals, but a botryoidal mass consisting of 

rules. Carbon tetrachloride mixed with traces of carbon selenide (p. 1016) ^Y.ffhtly 

red selenium in small quantity, but not the black variety. Red selenium is s g 
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soluble in ethyl sulphivle, black selenium insoluble. Ethyl selenulo, on the 
hand dissolves both modifications in small and apparently equal qimntitios. iilack 
fislenium appears to be analogous to rhombic sulphur ; amorphous red selenium Ui 
the variety of sulphur insoluble in carbon bisulphide. The varieties oi selenium and 
sulphur thus compare<l are formed indeed by similar processes ; they converted in 
like manner into tlio other moditicatiouH by beating and slow or rapid cooling ; and 
lastly the specific gravities of these two movlifications of solenium differ from o no 
anoXer in tL same direction aa thoKo of iho two mollifications of snlpliur with tvhich 
^hev are compared .(KiUhke, A,,,,. Cl,. Pharm. olii. Ifil ; Z„hchr. f. Chem. [21 v 720). 

<>vstalli8^ selenium precipitated from eelenious aciil by potassium bisulphide, iinU 
then heated fora week in a drying closet, 1ms a specific heat = 008104; 
separattsl by the action of the air from solution in piitash lias the samo spcciflijuiat 
=^0 08401 ^ Amorphous selenium obtained by mcltiiift mid droppiiiK into cold water 
softorbet^een 40° and 5t>°. Its specific heat between 2a<> and ttfC is 0 053 ; at 
60° and above, the spoeifie heat rapidly inereases, being 01 104 at 62 , and 0 1147 at 
Al® ^llcttondorff a. Wiilliier, '/d'ii&chr. J. Lfivin, | J) i'- it » r 

On the heat of combination of selenium aiul^of hydrogen selenide, see llautofouillo 
(Comp^. rcm/. Ixviii. bOol ; Zfi/.srAr. [‘2] Y. 4S7). 

^ On the action of selenium on hyi nodie aenl. .see loniNF. (P- )■ , ^ 

For the estimation of Holonium in organic componudH Hat like (/ef . n.) heats t lo 
^ 4 ^mTid tn 200® for several hours in a scaled tube witb potassium diehromate and 
compound ^ oviporatcs to dryness ; beutH the rcsiilue with hyOro- 

SteiiiSii 

chromic acid instead of potassium cliroiiiato. 

. 1 « .T ThoiiiHcn (D^kL chem. (res. lur. n. oUo) 

Selenlo and the solubility of bnrinin 

prepares pure seUmoiia nurf by ‘ „ i„ aisHolv.sl in strong nitric acid; the 

selenite in free sclentous f heateil till seleiiidus acid begins to 
solution is evaporalod . a„d to the 

sublime, to expel tiie oxcc.s,s o n a sulpburie as well as solenioufl acida, 

resulting solution - i no longer gives a permanent 

baryta-water is added till a fill* lul St r evaporaliiig tlm filtmtx) and 

precipitate with a few ;^^':P^ 7ei(risV.i,tainccl quite free from solenie and sulphuric 
"'To obUvin pure scUnk ffcn/, the HcIcniouH 

water and precipitatml with silver nifia e i‘L in water is sliaken up with bromino 
resulting silver Jaddyi*arfiV^^^ and alt-rwanls b^miue-water, till the liquiil 

and water, bromine being ad( t<l at - filtered from the silver bromide is then 

pre^red is quite free ,s distillcl with potassium 

seliK^eSyef w li^d is 

with hydrochloric acid, Tov fii .044/ I'rorn the aqueous solution of these 

product, the cr>'8tal8 described l^y Joy (n. boiling at 

Lystals, sulphirouB tLir 

] 86^ These crystals, when remaining mpiooufl solution oyersulphunc 

aqueous solution with ether, cvafKi ^ m-ifi have the coinposition of hydro- 

acid, and recrystallising from 5^7v2ii'.s^O^II HFl. The erystaUine compound obtaineil 

chloride of othyl-seloniouH acid, C - . treat ing methyl bisolcnido with 

KSfiSXTSri'Il "nt ■”* 

letrethyl sulphide, see missing hvdrogon sulphide into 

•elenium Thc^reci^^nU ajirbon bisulphide, and the 



1016 


SENNA— SILICA. 


hydrogen selenide mixed with a large excess of hydrogen, first through wato? and 
then through aqueous sulphurous acid, dissolving the resulting precipitate in caVbo 
bisulphide, and submitting the solution to fractional crystallisation, crystals are 
obtained having the composition 2So + S, but consisting, not of the pure compound 
Se*S, but of a mixture of that compound with SeS^ and free selenium. The precipitate 
obtained by passing hydrogen sulphide through selenious acid has the composition 
Se + 2S, and consists mainly of SeS-*, but contains also Se^S, probably mixed not 
with a higher sulphide of selenium, but with free sulphur (Rathke). 

■ Carbon Blselenide* CSe^, is produced in small quantity by the action of 
moist vapour of carbon tetrachloride on phosphorus selenide, the nascent hydrogen 
selenide resulting from the action of the aqueous vapour on the phosphorus Llcnide 
acting on the carbon chloride, according to the equation CCR + 2II“Se = 4IIC1 + 
CSe*. (See Carbon-compounds, p. 40iJ.) When the solution of carbon selenide in 
carbon tetrachloride thus obtained is mixed with alcoholic potash, it assumes a deep 
red colour ; and on mixing the solution with water, which separates carbon telra- 
chloride, adding hydrochloric acid, dnd heating the liquid after some time, a dark 
solid mass separates from it saturated with an oil. Tliis mass, separated from the 
watery liquid and distilled in a small bent tube, yields a golden-yellow liquid 
having an intolerable odour and consisting of ethylic selenio-xanthate, C^H'^Se-O. 
When the liquid containing the carbon selenide is dropped into a concentrated soliitioii 
of potash in absolute alcohol, potassium selenio-xantliate, C^lI^iSe^OK, separates in 
yellow, very deliquescent needles, the alkaline aqueous solution of which yieUls 
selenide of lead when heated with lead acetate. The solution decolorises a solution of 
iodine, in potassium iodide, becoming turbid at the same time (Rathke). 

SXSSrXffA. According to Bragendorff a. Kubly {Zeitsekr. f. Chcvi. [2] ii. 411), 
the active principle of soiiua-loaves is a glucoside, which they designate as 
a/)id (p. 417). 

SBUZCZM- and SERZIT. See Siux. 

SBRZCOCIBA.PHZS IVEOHZXXiZ. An acanthaceous plant used in Mexico as 
a remedy for dysentery, and containing a blue colouring matter called 7 nohiilin (p. 831). 

SBRPSSrXZWZi. For analyses of this mineral from various localities, seo 
Jahresb. f. Chem. 1860, 774; 1861, 1004; 1862, p. 745 ; 1863, p. 85G; 1866, p. 931 ; 
1867, pp. 996, 1016, 1026. 

SZBISROPZiZSSZXZS. A carbonate of iron and magnesia occurring near DIonton 
in Salzburg, in the groywacke formation, in lenticular forms, accompanied by doloinito 
rhornbohedrons and rock cryshil. Sp. gr. = 3-699. Angle of terminal edges of tho 
cleavage-rhombohedrou =» 107° 5' IG". Its analysis gave 

CO* FtiO MnO MgO CaO Fe“0* 

40-31 43 86 2-57 10 46 040 4 07 *= 101-67 

Reckoning the ferric oxide as ferrous carbonate, the niineral may be represented by 
the formula BCO^Fe, SCO^Mg (Zepharovich, Jahresb. 186G, p. 906). 

SZBZCA.. The constitution of silica (whether SiO^ or SiO’) has been discussed 
by Sclieerer {J. pr. Chem. xci. 415 ; Jahresb. d864, p. 310) ; Ordway {Sill. Am. J. 
[2] xl. 187; Jahresb. 1866, p. 192); and Geuther {Jcnaische Zeitschr. iv. 313; 
Jahresb. 1868, p. 206), 

Modifications. — An amorphous silica of sp. gr. 2’6, differing from the ordinary 
variety (sp. gr. 2*2), is formed, according to Jonzsch {Pogg. Ann. exxvi. 467 ; Jahrrsb. 
1866, p. 875), by the weathering of chalcedony. G. vom Rath {Pogg- Ann. cxxxiii. 
607 ; cxxxv. 437 ; Zeitschr. f. Chem. [2] iv. 666 ; v. 410), has discovered in a volcanic 
porphy^ from the Cerro S. Cristobal, near Pachuca in Mexico, a new mineral, which 
he designates as tridymite^ consisting of crystallised silica of sp. gr. 2*3, whereas 
ordinary crystallised silica has the sp. gr. 2-6, and silica of sp. gr. 2-3 has hitherto 
been observed only in the amorphous state. 

On the preparation of crystallised silica in tho dry way, see G. Rose {Zeitschr. /. 
Chem. [23 v. 646). On Graham’s colloid silica, see vol. v. pp. 241, 1088. 

Hydrates (Merz, J. pr. Chem. xeix. 177). — Gelatinous silica obtained by decom- 
posing gaseous silicon fluoride with water, continuously washed, with frequent 
pressure, dried, pulverised, and again washed, first with ammoniacal and then with 
pure water, retained, after six weeks’ drying in the air at 20°-25®, from 131 to 
13*5 p. c. water, answering to tho formula 2Si0*.H20; the amount of water 
diminished by exposure over sulphuric acid, but was recovered on exposure to the 
air. After drying at 60°, or after prolonged desiccation over sulphuric acid, the 
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hydrate 3Si0*.H*0 remained (containing 8 68 and 9 24 p. c. water; calc, 9 04 p. c.); 
at 80°~100° the very unstable hydrate 4SiO'.lPO (containing 61 7 to 7'40 p. c. 
water; calc. 6 93 p. c.) ; after drying at 250^-270^, the amount of water (3*29 to 
3 &9 p. c.) agreed with the formula 88i0'.ll*0. Ilecontly proivared silica retains 
smaller quantities of water at the several temperatures above cited (at 70^ only almut 
6 p. c. ; at 90*^, 4*6 p. c. ; at 100^ 4 3 p. c. ; at 130^ 3*5 p. c. ; at 160® 3 p. c.) ; it 
appears therefore to undergo a gradual molecular alteration. 

The hydrates, together with the muiiuhydnito obtained by Graham, form the 
following series : 

SiOMI-O 4SiOMl-0 

2SiO-.ll-() 88i()Ml=^0 

asio-Mi-o 


The third and fourth of these were previously' obtained by Fuchs (v. 242). The 
hydrates 38iO'^. 211'‘'0 and 28iO-- 311*0, described by Kbelmon and Doveri, do not 
appear to have been obtained by Merz. 'I'lie hydratt' obtainoii by the action of moist 
air on silicon tetrachloride lias, according to Jianglois {Jahresh. 1858, p. 140), the 
composition OSiO'* . 4l£*0. 

Solubility in Ammonia. — According to WittsLeiu {Jahnsh. 1866, p. 102), ammonia 
dissolves perceptible quantities ut' amorphous silica, not only in the gelatinous, but 
also in the dry and ignited stale; even pulvorise<l qiiarlz is atbicked by it. When a 
clear solution of water-glass supersaturated with hydrochbiric aciil is gradually niixetl 
with ammonia, a strong llocculent turbidity is protlucctl, which, however, disa}»|KMirM 
on addition of moro ammonia, either in the c<»bl or at a gentle heat. 100 pts. of 
aqueous ammonia cuntainiiig 10 p. c. NIP dissolve, of : 

Crystallised silica .... 

Amorphous silica, ignito<l 
Amorphous silivNv, as hydrate* 

Amorphous silica, in the form of jelly . 


. 1 < i' 

. 0 38 , 

. 0 21 , 

. 0*71 ,1 


^J'he solutions prepared by contact of the silica witli-tlie aqueous ammonia in closed 
A'eshols for several days sometimes clarified but slowly ; that obtaiuiNl with the 
gelatinous acid was slightly oi)alescont. lly prolonged exposure to the air they lost 
tlieir alkalino reaction, and then contained 4 eq. silica to 1 eep Jimmonia. line 
neutral solution when l)f)ib!d and eva{)oraU;d do<!H not yield any deposit, although 
y* of the ammonia has been driven off, and only 1 eq. ammonia remains in the liquid 
ui 80 oq. silica. After complete cvuixmition there remains an amorplioiis, laminar, 
horny, translucent residue, likewise containing 80 eq. silica to 1 (Xp ammonia, and 
nearly insoluble in water. 

Solubiliii/ in Ariil.^i.—Wia^ie'in has likewise observ'od that hydrated Hilicii,at the 
moment of separation (as when enst ir<m (;r steel is dissolvod in an acid), is more 
abinuhintly dissolved by nitromurialic acid (3 pts. hydrochloric acid «P; K*;* 

1 pt, nitric acid of sp. gr. 1*33) than by hy<lrocliloric acid (sp. gr. M3) {jahresb. 


207). 

CAT118> On the classification of silicates, see Wurtz {Chem. Soc. J. 

V Ckim pure ii. 449) Wcltzien {Sy.HtematUche Uebvraicht dtr SUtcaU, 
1864; Jahreab. 1864, p. 211) ;--Schiff ' 


1868, p. 207). 

BZMCilTllS. 

397 ; Hep. 

Giessen, lhv»* , uutt-t , ^ 

Jabre^b. 1865, p. 194);— Fr^my {Compt. rend. Ixiv. 243 1 ^ ^ f . 

Clove and A. E. Nordonskjdld {J. pr. Chem. c. 119 ; Jahreah. 1867, p. 989) designate 
a number of hydrated liygroswpic silicates, formed on the typo of hisingcnte, as 
firruginoua colloidal ailicatea^ and represent them by tJio following formuite . 
Ilisingirito . . . ( 2 MO.PVO>)’-.SiO* + 41PO. 

Scotiolito . . . (2MO.Fo’0>)’Si(>’ + 

Traulito . . • Sl'VO’.fiSiO^ + lOII'O. 

NeotokitD anil StratopciW (MnO ; F«0 ; MgO ; FbO)' . 5SiO’ + 

Wittinifito . • 4Mn0.6.SiO> + OU'O + xO. 

GUwTu ; . . (2MO,lW)‘.SSiO’ -H »U'0. 

of the specific gravity of 
Jahrh. Min. 1860, 

p. 181 : JahTcb. 1866, p. yu;, arm ... vr. xuc.n J*. P- *78; 

rend. l*ir. 339 ; Jahred,. 1867. p. 1010) has made experimenU on 


7U*0 + xO. 


On the 
silicates 


ho formation of natural silicates and the a tend. on of the « 
« by heat, ace F. Mohr (Kbln^che »0->. 

: Jahretb. 1866, p. 911), nn<l tl- W. I'ucHh {.Jahrb. Min. 1864, ] 


.Pre,»tod from the hjOrochtoric by «<> 

cootaiBi^ a qu antity ol water answering to the formula JbiO . 411 u. 
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the action of water on various silicates under conditions analogous to those which 
occur in nature. The minerals were enclosed, together with an equal or a double 
weight of water, in cylindrical vessels of stone-ware or iron, which were made to 
rotate upon horizontal axes with a velocity equivalent to a rectilinear motion of 
2600 metres per second. Felspar thus treated in a stone-ware cylinder with puro 
water was somewhat easily attacked, giving up to the water, potash, silica, alumina, 
and traces of sulphuric and hydrochloric acids;. in tho iron vessel, the silica was 
precipitated by the ferric hydrate formed by the oxidation of abraded iron. Thr. c 
kilograms' of felspar fragments rotated in tho iron cylinder for 192 hoprs (corre- 
sponding to a distance of 460 kilometres), yielded 2720 grms. of mud, and tho 
6 litres of water took up 12’6 grm. potash: consequently from 2 to 3 p. c. of potash 
present in the dust had passed into solution. Water containing sodium chloride 
(3 p. c.) and carbonic acid water acted less quickly than pure water. Obsidian and 
leucitophyre wore but very slightly attacked by pure water. With serpentine, 
obsidian, and angular lumps of felspar, tho quantity of abraded powder amounted to 
6*3 p. c. ; with rounded lumps of felspar, to 0-2 p. c. ; with flints, to 0'02 p. c. The 
state of the solid substance has some influence on its dccomposibility ; felspar which 
had been heated to whiteness and rapidly cooled was decomposed with iucreat^ed 
facility. The abraded felspar powder exhibited considerable similarity to many 
clay-slates and lithomarges. 


On tho decomposition of silicates and other crystallised compounds by elcoTro- 
capillary diffusion, see Becquerel {Comft. rend. Ixvii. 1081 ; Zeitschr. f. Chou. [2] 
V. 134). 

For the decomposition of silicates in analysis, in cases in which the alkalis are to 
be determined, R. Hoffmann {Zeitschr. anal. Chem. vi. 366) recommends, instead of 
aqueous hydrofluoric acid, tho use of ammonium fluoride with adilition ol sul]'liuric 
acid. The finely pulverised siliciito is mixed with 3 or 4 pts. of puro ammonium 
fluoride, moistened in a platinum dish with sulphuric acid, and heated, with frequent 
addition of sulphuric acid, first over tho water-bath, then over an open flame, till nil 
the acid is expelled. The residue is dissolved in hydrochloric acid ; tho solution 
precipitated with ammonia and ammonium carbonate ; then — after removing tlio 
sulphuric acid by barium chloride in case of magnesia being present— evaporated to 
dryness with addition of oxalic acid, and ignited. On heating the residue witli 
water, the alkalis pass into solution. . . 

According to F. Mohr {Zeitschr. f. Chem. v. 308), the decomposition of silicates by 
fluorides is greatly facilitated by previously submitting tlioni in tho pulverised state 
to intense ignition. They are then rapidly decomposed by gaseous hydrofluoric acal, 
without formation of the insoluble residue which so often occurs when unignited 


silicates are treated with hydrofluoric acid. ^ ; v .. 

On the decomposition of silicates by hydrofluoric acid, see Maskelyne {Che^n. 

xxi. 27 ; Zeitschr. f. Chem. [2] vi. 191). . . • xr 20-03 ^ sTf’O 

Sodium metasilicate is obtained in monoclinic crystals containing JNa feiU -t- » 

by dissolving ignited silica in an equivalent quantity of caustic soda-loy, cvaporati ni, 
the decanted solution with as little contact of air as possible, till a number olsma 
crystals of sodium carbonate fall down ; then cooling the solution to — 
stirring it with a glass rod till it solidifies' to a crystalline pulp ; straining tins nias 
to free it from the mother-liquor ; dissolving it in a small quantity of distilled wa or, 
and leaving the solution to itself (Ammon, Jahresb. 1862, p. 138). 

Ordway {SUl. Am. J. [2] xl. 186), the same salt is easily prepared by dissolving 
liquid layer obtained by precipitating a purified solution of soda water-glass ( m • 
Na^O, 2'26 mol. SiO'*) with twice its volume of alcohol, in an q, 

soda-ley of sp. gr. 1-32, and exposing tho solution to a low temperature ; tho 
which form in a few hours may bo purified by recrystallisation from water. -^^a olT 
melts* at 45® to a syrup which does not resolidify ; at a higher temperature it gi 
its water, leaving a spongy mass, which is still easily soluble in water (Aromon;.^^ ^ 
has not been found possible to prepare a crystallised silicate of 
crystallised double silicate of potassimn and sodium by either of the processe 

mentioned. • 4 ^* « a dilute 

The metasilicates of the earth-metals may be prepared by precipitating 
solution of the sodium salt with a solution, mostly diluted, of an -fjjctly 

The barium salty BaSiO^ or BaO.SiO*, is not quite insoluble in hot water, p ^ 
soluble in dilute hydrochloric aqid, and retiiins a somewhat considerable ^u 
water even after drying at 100°. The calcium salty CaSiO® or CaO.SiU , 
very bulky, gelatinous precipitate, which also retains water with great o s i * yjjgl 
when Jeff in contact with water fox a long time, dissolves in it, apparently wi r 
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decomposition. The strontium salt is exactly similar in composition and properties, 
Tho Tna^esiwn salt, 3MgSiO* + 5H*0, is soluble in dilute acids, is not completely 
decomposed by hydrochloric acid after ignition, and bakes tt^^thcr when strongly 
ignited. When recently precipitated alumina is addcil to a modemtely concentrateil 
and boiling solution oi csiustic soda and sodium silicate, all tho alumina dissolves in 
the first instance, but aftcrwartls a white powder is deposited consisting of a s<xiio~ 
aluminic silicate, Tho reaction appears to bo us follows : 

2(Na^O.APO*) + 4(Na“O.SiO^) « (2Na*'‘0 .SiO» + 2A1*0». 3SiO«) + 4Na*0. 
When a hot dilute solution ot alum is prccipitatiHl with siHlium silicate, a gelatinous 
precipibvto is formed, whitish and very light when dry, consisting of a double silicate 
in which the oxygon of the silica is double that of the bases— that is U> say, of a meta- 
silicate ; 

(K^O.SO> + A1-0\3SCP) + 4(Nan).SiO-) - K-O.SO* + 3Na^O.SO» + 
Na-O.SiO^ 4- Am^aSiO’*. 

A similar experiment W'ith excess of aluminium sulphate and sodium silicate also 
gave a mctasilicato of aluminium. Results for tho most part similar were obtained 
with silicate of potassium (Ammon). 

Ai id calcium silicate, t'aO.HISiO'^ + 2H*0 or CaSiO*. 2S10- + 211*0, is obtained on 
mixing calcium chloride with acid p>taBsium silicate, KH).3SiO*, as a gtlatinous 
precipitate which gradually Iwcomcs cryst:ilIino under the liquid, ami when «lried at 
100° has tho composition above givoti ; it docs not harvicn when mlxe<l, either in tho 
air-dried or in tho ignite<l state, with calcium hydrate, or a solution of that substaJico 
in sugar-W’ater. Acid may»e,sium silicate, Mg0.2Si0''* + 211*0, is obtained in like 
manner as n gelatinous precipitate wliich tloos not become cryslaniiie in conbu-t with 
tho liquid (Heldt, </. pr. Ckrm. xciv, 129, lti7). 

8ZZ.ZCZC CBZ.OROrORlM[. Tho silicohydric chloride (v. 2C8) which Wbhler 
a. Ruff obtained in 18o7 l»y passing hy(lrochl<»ric acid gas over heated crystullisoil 
silicon, and to which Wohler assigned the formula Si’ll't'l"* — 3SiCl“.4HCI, has boon 
shown by Friedol a. Ladenburg (ItulL Sac. Chim. [2] vii. 322) to bo a mixture 
separable by repeated fractional distillation into a portion boiling between 35° and 
37*^, and another boiling between 55° and 60°. 'fhe latlor is silicic clilorido, SitH*. 
The former consists of silicic chloroform, SillCl*, having a vapour-density 
=• 4’G4 (calc. 4 69). This compound possesses all tho essontial oharactors of the 
silicohydric chloride described })y Wohler a. Ruff: its vaiH)ur mixed with air takes 
tire even by contact with a hot bo<ly. From the totracliloride, wliicli it resenddes in 
appearance and in odour, it is immediately di.stinguishod by its property of being 
<lccomposed by water, with evolution of hydrogen. ChloriTic decomposes it at ortlinury 
temperatures, forming silicic chloride and hydrochloric m’id : SillCl* -f (d* »« Hidl* 
-f H(il ; bromhie appears not to act on it below 100°. Thu wliite oxide produced in 
the decomposition of silicic chloroform by water, and regarded by Wohler a. Ruff 
(v. 274) as ScsiO. 2II*0, afterwards by Wohler ns more probably cotisisling either of 
or of Si*H*0\ and by Geuthcr { Jahresh. 1805, p. 189) as 2 Si .110 
[.St a 21], is prepared by Fricdel a. Lswlonburg by slowly passing tho vapour of pure 
silicic chloroform tlirough a tube with a funnel-shaped termination into wattjr at 0°, 
filtering quickly, washing tho precipitate with ice-cold wattjr, and drying it first over 
oil of vitriol, then at 150°. In this state it has the ofjmjsjsition of silicic for man - 
hydride, Sill*0* =» (SiOII)-’O, analogous to tho unknown formic anhydride (COH)*0. 
Its formation is represontcKl by tho equation : 

2SiHCR + 3IPO - 6IXC1 + (8i0II)*0 
(Friedol a. Ladenburg, Bull. Soc, Chim. [2J vii. 322). ' 

SZlbZCZC SXBXBSt When chlorine is pasBo<l into woll-eoolixl silicon-othyl 
(v. 266), the liquid first turns yelhiw, then suddenly colourless, and gives off hydr<>- 
chJoric acid. If the product be distilled after some time, and tho portion boiling 
below 160° again treated with chlorine, Lhoso operations }»eing repoute<l tevcral 
times, there is finally obtain e<l a liquid boiling between 180° and 220°, and yield- 
ing by fractional distillation a small quantity of tho com|K>iind SiC*jl"'Cl, which 
may bo regarded either as silicic monochlorotetrel h</l , derjve<l from silicon-ethyl, 
Si(C*lI»)«, by substitution of 1 at. Cl for H, or as tho chloride of sUicononyl, 
SiC*lI**, a radicle derivo<l from noriyl, by substitution of 1 at. silicon for 

carlxin. The greater portion of the crude prwiuct distils between 190° and 196°, 
and has the composition of siludc mono- and di-chloroietrdhyl in equivalent pro- 
portions; but on continuing the distillation, the composition of tho distiUata 
approaches more neatrly to that of the latter, and at 230° decomposition taken 
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place. If the portion of the product which distils between 180° and 200° be heated 
with potassium acetate and alcohol in sealed tubes to 130°-140°, the dichlorinated 
compound is alone attacked ; and on mixing the contents of the tube with water 
and heating the oily liquid which separates with strong sulphuric acid, several ctheruai 
compounds are dissolved — including triethyl-silicio oxide, [Si(C‘^Il‘)^]20, formed from 
the silicic diclilorotetrethyl — while silicic monochlorotetr ethyl, or siliconyl chloride 
remains undissolvod, and distils for the most part between 180° and 190°. On again 
heating this distillate to 180° with an alcoholic solution of potassium acetate, and 
mixing the contents of the tube with water, an oily product is obtained, which may l>o 
freed from undocomposed silicononyl chloride by treatment with strong sulphuric 
acid. The resulting solution poured into water deposits silicononyl acetate 

as a liquid which boils between 208° and 214°, smells like acetic acid, and 
burns with a bright flame, giving off acetic acid. This liquid treated at 120°-130° 
with a solution of potash in aqueous alcohol yields silicononyl alcohol, |(), aa 

a liquid insoluble in water, smelling like camphor, and boiling at 190°. Sodium 
dissolves in this alcohol, with evolution of hydrogen, forming a gelatinous substance 
which is decomposed by w'ater, reproducing the original alcohol. 

Triethylic Silicoformate, Sill(OC^H^)* or analogous to tlie 

tribasic formic ether discovered by Williamson a. Kay, is produced by dropping 
absolute alcohol into silicic chloroform contained in a long-necked flask. On gently 
heating the liquid after the reaction is over, and then distilling, the triethylic silicu- 
formate is obtained, as a colourless, very hygroscopic liquid, boiling at 134°, and 
smelling like normal silicic ether : its vapour forms an explosive mixture with air. 
It is slowly attacked by water, quickly and with evolution of hydrogen by ammonia 
and potash. In contact with sodium it is resolved into tctrethylic silicate and silicic 
hydride, SiH< (p. 1021): 4SiH(OC2IP)=‘ = 3Si(OC2H^)-» + Sim The mode of action 
of the sodium has not been explained ; it cannot bo replaced by platinum -black 
(Friedel a. Ladenburg, Bull. Soc. Chim. [2] vii. 322). 

Triethylic Silicochloroformate or Ethylsilicic Monochlorhydrin, 
SiCl(OC®H®)*, discovered by Friedel a. Crafts (v. 264), is easily prepared by dropping 
3 mol. absolute alcohol into 1 mol. silicic chloride, SiCl^, fractionating the product, 
and collecting apart the portion which passes over at about 156°. It is not acted 
upon by zinc-ethyl even at the boiling heat (Friedel a. Ladenburg). 

Triethylic 8ilicopropio7iate or Trlhaaic Silicopropionic ether, 

SiC^mCOC^m)® = produced by adding a few lumps of sodium to a 

mixture of 1 mol. zinc-ethyl and 2 mol. silicochloroforinato, and applying a gonllo 
heat, whereupon the action begins, and becomes very violent if not moderated, gas 
being copiously evolved, consisting chiefly of ethyl chloride, followed by ethyl and 
ethyl hydride (butane and ethane), while the sodium becomes covered with zinc- 
powder and gradually disappears. On distilling the mixture after the evolution oj 
gas has ceased, and repeatedly fractionating, tribasic silicopropionic other is obtaintU 
as the chief product, boiling between 169° and 162°, having a sp. gr. of 0*9207 at 0 , 
and vapour-density = 6*92 (calc. 6*65), It' may bo regarded as tribasic silicolormtc 
ether, in which the hydrogen immediately connected with the silicon is replaced y 
ethyl, or as the triethylhydrin of a glycerin, in whoso trivalent radicle, C*H^, la . 
carbon is replaced by silicon. It is an ethereal liquid of agreeable odour, resomblmg 
that of tetrethylic silicate ; insoluble in water, miscible in all proportions with alco o 
and ether. By moisture it is gradually resolved into alcohol and products boiling a 
higher temperatures, doubtless poly silicates analogous to those formed from 

silicic ether. It is not completely decomposed by ammonia. Like normal sibcic et . 
it is very stable, and is not oxidised by nitric acid till heated above 20^°- 
sulphuric acid decomposes it instantly. Heated with very strong potash-ley > i 
quickly decomposed, with formation of two layers of liquid, both of which are disso 
by water, with separation of oil-drops. On neutralising the resulting jjite 

hydrocWoric acid, or, better, on adding sal-ammoniac to the neutral liquid, a 
flocculent precipitete separates resembling silica. This precipitate dried over su 
acid forms a white powder which blackens and burns when heated on 
It dissolves in potash and is reprecipitated by hydrochloric acid. The s 
alkaline solution forms with silver nitrate a white or yellowish precipitate con . 
silver oxide and silicopropionic acid, C^H^.SiO^H. Tribasic 
ether is therefore decomposed by potash in the manner represented by the eq 
SiC^H^OC^H*)* -4 2H20 = 3C*H«0 + C^H^.SiO'H, 
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th« decomposition being analogous to that of tribasic formic other : 

CH(OC»H^)> + 2IPO = ac^u-o + H.coni. 


When triethylic silicoformate is treated in presence of sodinm with 1 mol, (instead 
of ^ mol.) zinc-cth)’!, tho reaction Uiki s place in the manner above described, bnl the 
product boils at a lower temperature and contivlns more carbon. This body, which 
boils between 155° and 156°, consists of Si((r^H*)*(OC'‘ll')*, and appears U) bo pro- 
duced by reduction of tribasic silicopropionic ether at tho moment of its formation, 
Tho same compound would bo formed V>y tho action zinc-ethyl and sodium on 
dichlorosilicic ether (Friodcl a. Ladenburg {Comjyt. rend. Ixvi. 816 ; Zeit^chr. f, Chem, 
[2] iv. 667; Jahresb. 1868, 427). 

t.sici* 

Trichloro silicic oxide, analogous to perohloniraot hylic otlier, 

(CC1*)^0*, is formed by passing the vapour of silicic chloride through an exhaust otl 
porcelain tube containing fragments of felspar, and heated nojirly to the molting 
p<iint of tho latter. By repeating tho same treatment several times with tho more 
volatile portion of the condensed product, a considerable quantity of a mixture is at 
length obtained, which volatilises above 70'’, and mjiy bo resol veil by fnvotional (listil- 
lation into silicic chloride and trichlorosilicic tjxi<b'. the latter pessing i»ver botween 
136° and 139°. Tho oxygon is dcriveil from tho felspar, as is shown by tho 
corrosion of tho fragments and tho ])roHonco of solidified drops of alkali-metal 
chlorides. Trichlorosilioic oxide is also formed, together with phosphorus oxy- 
chloride, hy passing silicic chloride (u'er strongly heated phosphoric anhydride. 
Trichlorosilicic oxide is a colourless fuming lajuid, having a vai>our-<lenNiity = 10 05 
(calc. 9'86). It is deconijX)Scd Ijy water like tho tetrachloride, i\nd is convorteil by 

absolute alcohol into disilico-h^cxothylic oilier, J winch may bo 

separated from tho pr(><luct by fractional distillation, ntul l>oils at 235°-237°. 
When 1 mol. trichlorosilicic oxide is hcati*d to 180° in a sealotl tube for 16 to 18 
hours with 3 mol. zinc-ethyl, t r i c t hy I -s i I ic ic oxi<ie is })i\)ducod ; 


JSiCl^ 


' )Si(C'aF)» 


-f 3Zn(tr''H")‘-' = 3ZnCl* ■ 

(Friodcl a. liadenburg, Soc. Chim. [2] ix. 358). 

BXXiZCXC S'VX>JIXXIXI« 8iilb firiginally obtaiticxl mixed with hydrogen by the 
notion of hydrochloric acid on nnignesium silicide. (Wohler a. Huff, v. 273), may bo 
|>reparod in the pure state by dccomjMjsition of triethylic silicoforniate (p. 1020) iii 
coijtiict witli sodium : 

4'iH(OC*]l'‘)» =* SiH< + ,3Si{()(’^n»)^ 

'J’rh thylic Silico- Silicic T» truth y lie 
formate. li><lri»to. nillwiti*. 


Silicic hydride thus ol)talne<l is a colourle.ss gas, agreeing in all essontial cbanwtvrs 
wiih that dec- ribed by Wohler a. Bull; lait nut spontaneously inllarnmablo at oi'dinary 
}>rcssure and temperature, but only when gently }u!ate:<l under rwliiceil pressure, or 
when <lilut 4 ^d with hydr^jgen. If a lujt kiiile-blade bo liold ne:vr tho bnbhlos of tho 
gas as they rise over mercury, they take lire "with <;xpl<»Hion, and the mercury becomes 
sufficiently heat-ed to set fire to tho lollowing bubble ; in a eudiometer, also, the gas 
tj^ikcs fire on admission of air, if the erilumn (jf mercury is 1>etweon 100"’ an<l 150° mm. 
liigli. Pure silicic hydride decomixiscd by poUsh yields 4 volumes of hydrogen, 
according to tho equation ; 

SiU* + 2KIIO -t H^O « 8iO»K=* + 4IP 

(Fricdela, Ladenburg). Silicic hydride (impure proparwl from magnesium silicide) 
is decomposed hy brombie, forming a solid and a liquid comjsmnd, (SiBr^?), tho 
former ciys^llising in nticdlcs. With iodine it forms Hildl* and .Silb it 
decomposed by the chlori.les of sulphur, phosphorus, antimony, and tin (Mahn. 
Zcitachr. f, Chem. [2] v. 730), 

BXXiZCXC IOX«l>»S. The ie.iriodide, HiI^ is prrKlucod by passing iodine- 
vapour in a stream of carl>on dioxide thnmgh a long porcelain tub© nearly filJod with 
silicon and heated to rc<lness, and sublimes in the cfsdcr part of the tube as a white 
crystalline mass. If the i<^iino is in excess, the {.nsluct is mixo<i with free HsJine, which 
may las removed bv solution in c^arlsm iMHuIphide (which silicic 

iodide), and agitetion of the solution with metallic mercury. Silicic iodide, »il ., crysUiI- 
lisea by sublimation, or by cooling or evai>oration of itj< solution in wirbon bisulphide, tn 
colourless transparent r^ular octehodrons. wliich do not itcX upon iKslarised light? 
smaller quantities crystallis© in dendritic forms. It melu at 12a'5 to a yellowish 
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liquid, and resolidifies to a mass having a silky lustre and usually coloured red h ■ 
separated iodine. It boils at about 200°, and distils without alteration in a stream of 
carbon dioxide. The vapour-density (determined at 360°) is 19*12 (calc. 18*66). The 
heated vapour bums in the air with a red flame and with abundant evolution of 
iodine. By water it is converted into silica and hydriodic acid ; by absolute alcohol 
into silica, ethyl iodide, and hydriodic acid : 

Sil* + 2C«H«0 SiO* + 2Cm^I + 2HI 
(Friedel, Ann, Ch, Pharm. cxlix, 96). 

Tri-iodide. Si®I®. — When silicon tetriodide is heated nearly to its boiling point 
(290°-300°) with finely divided silver, a white mass is obtained, which may be freed 
from unaltered tetriodide by repeated treatment with small quantities of carbon 
bisulphide, and then dissolved, with aid of heat, in a largo quantity of that liquid 

Sil* 

The solution on cooling yields the tri-iodide Si’I® = | in beautiful colourless 

SiP 

hexagonal prisms or rhombohedrons, having a single axis of double refraction, 
fuming and changing into a white mass on exposure to the air. When treated with 
potiish, it yields silica, hydriodic acid, and free hydrogen, in quantities corresponding 
to the equation : 

si^i* + 4n'^o = 2Si02 + 6HI + m 

Silicon tri-iodide cannot be distilled under either ordinary or reduced pressure. It 
may be partially sublimed, but decomposes for the most part into tetriodide and an 
orange-red residue, insoluble in c<irbon bisulphide, benzol, chloroform, and silicon 
tetrachloride, and converted by water into a white or greyish 8ub.stance which 
eliminates a large quantity of hydrogen from potash-solution, and has nearly tho 
composition of the di-iodide, SiP. The tri-iodide ^nelts in a vacuum at about 260% 
but appears to decompose partially at the same time. With ice-cold water the 
crystals of the tri-iodide decompose, without evolution of hydrogen, and are converted 
into a white mass, which after drying, first in a vacuum, and then at 100% ha.s tlio 

composition Si'^H'^0* = or | analogous to oxalic acid. This 

substance when heated, decomposes with inciindescence and evolution of hydrogen, 
leaving nearly its own weight of silica. The tri -iodide appears to be converted by 
water, first into Si2(OH)®, and then, by loss of 211^0, in silico-oxalic acid, Si'dlO'. 
Salts of this acid cannot be prepared, inasmuch as it is decomposed, with evolutitjn 
of hydrogen, even by the weakest bases. 

When the tri-iodide is mixed by small portions with zinc-ethyl and gently warmed, 
a white mass separates ; and on distilling the liquid after the requisite quantity <»f 
tho iodide has been added (2Si2p to 3(C’fH*)^Zn), washing the distillate first with 
water, then repeatedly with strong sulphuric acid, and lastly with water again, then 
drying and submitting it to fractional distillation, silicon-tetrothyl passes over tit 
150°-164:°, and at 250°-253° a liquid having the composition of silicon -triethyl, 
Si'‘'(C‘^H*)*. This liquid has a faint odour, like that of silicon-tetrethyl, and burns 
with a luminous flame depositing silica. Vapour-density obs. = 8*5 ; calc. 

The slight difference arises from tho formation at 300° of a small quantity of a 
product soluble iu concentrated sulphuric acid, doubtless the oxide Si^(0‘ll^)'‘<^ 
(h’riodel a. Ladonbui^, Compt. rend. Ixviii. 920 ; Zeitschr.f. Chem. [2] v. 289). 

In the compounds just described the two atoms of quadrivalent silicon are united 
into a sexvalent group, just like the two atoms of carbon in the ethyl-compounds ; tlio 
tri-iodide, Si'-^I*, for example, is analogous to C^Cl* or 

snzCXC Z01>0Z*0KlNt, SiHI% is formed in very small quantity by the action of 
hydriodic acid on silicon, somewhat more abundantly when the hydriodic acid gas is 
mixed with hydrogen. It then condenses in drops, tf^ether with the ^olid i(-xlidc, 
and may be separated from the latter, though not easily, by distillation. It ^ 
colourless, strongly refracting liquid, of sp. gr. 3*362 at 0°, and 3*314 at 20°; boils at 
abo|it 220°. It is decomposed by water in the same way as silicic chloroform. "lo® 
hydrosilicic 'iodide described by Wohler a. Buff "(v. 274) app'^ears to have been a 
mixtura of silicic iodide with a very small quantity of silicic iodoform (not nnjie 
than 8 p. c. of the mixture) and free iodine. Tho red solution of this subsbvnco m 
carbon bisulphide is decolorised by agitation with metallic mercury, and after ^ 
evaporation of the solvent, leaves a yellowish liquid which solidifies to a crystalluie 
mass and distils at 285°. It dissolves in potash with evolution of hydrogen, t le 
quantity of which however is unimportant (0*036 p. c.), and much smaller than 
which corresponds to the formula Si*H®I'® (0 60 p. c.) ; the amount of silicon agre 
with the formula Sil^ (Friedel, loc. cit.). 
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Bxuoza SVUHTBKATB (chlorimtod). SUMc Merc<xpia».- 

This compound, analogous to mctliyl-mcrcnptnn, is produced by passing n 

mixture of hydrogen sulphide and vapour of silicic chloride through a red-hot tube : 
SiCl* + 11\S = II Cl + SiCCHS, 

It is a colourless liquid, boiling at lOG'^, sniolling of hydn^gt^n sulphide and silicic 
chloride, and decomposed by moist air, with formation of silica, hydrocliloric acid, 
and sulphur. With absolute alcoliol it forms normal silicic ether, 8i( 1)0*11*)*, the 
compound Si(OC*’H*)’‘lIS Vicing apparently also formed as an intermodiato product. 
Dry bromine decomposes silicic, mercaptan, witli rapid evolution of hydrobromie acid 
and formation of silicic clilorobromide, SiCdHlr : 

2SiCl*HS + 3Dr“ = 2,Si01=‘Hr + llr*S^ + 2irBr. 

The chlorobromide, separated by distillation from the bromine sulphide, is a 
colonrlcBS liquid, which fumes in the air, boils at SO*’, and has a vapour-density 
« 7*25 (calc. 7‘42). With water it is resolved into silica, hydrochloric acid, anil 
hydrohromic acid. Silicic chlorobromiile is lilvowise obtained by heating silicic 
chloroform to 100® for some time with bromine, and submitting the pnxluct to 
fractional distillation (i’riedel a. Didonlnirg, JtuI/, St/c. Vhim. [2] vii. 172). 

SXIiXC0n»ir01lZX>ESu Tlic specific gravity of potassium siliisifluoride is 
2 CG19-2-6655 at 17*0®; of the sodium salt, 2-7617 at, 17’6®; of the barium salt, 
4*2741 at 21®, all referred to an equal volume of water at 16® as unity ^^lSlolba, J.pr, 
Cfwni. xcvii. 503). 

Potassium Silicofluor ide, recently precijiitatixl in the cold, eolleeted on a 
filter, and left to itself for 24 hours, robiins from G3 to G6 p. c. Water; when pre- 
cipitated from a hot solution, it retains 46 to 4G p. c. The gelatinous precipitate 
appears crystalline under tiio microscope, especially if moistened with a little alcohol. 
It is less soluble in saline solutions llian in jmre water: 1 pt. of the salt roquircH 
for solution 833 pts. water at 17*6®; 24,OGG pt.s. of a solution of [lot^LKtiiiim sulphate 
(of 9-92 p. c.) at 17° ; 125,000 of an 18-4 p. c, solution of potassiiini nitrate at 16®; 
1736 pts. of an 8-8 p. c. solution of the same salt at 100®. Aimsous sal-ammoniac 
of 26 3 p. c. dissolves it more easily than a 6 |>. c. solution of the same salt. Acids 
dissolve potassium silicotluorido inore ea.sily than water, but doeomposo it at the 
same time, usually with emission of vapours of silicon fluoride. In liyilriKdilorie 
arid, how'ever, the salt dissolves without formation of visible docomposit ion- prod nets, 
and mure abundantly in proportion a.s the acid is st ronger. When potassium silico- 
fluorido is ignited with 1 t^) 2- pts. of s.il-ainmoniae, ammonium silicofhiorido is given 
off, and potassium chloride romain.s behind. Whim the potassium salt is l>oiled with 
carbonate of magnesium or calcium, in presence of water, fluoride of magnesium or 
calcium is formed, but the dix*.oni posit ion is never complete (8tolbti, *7. j>r. Che/n. ciii. 
396; Zi’iischr _f. Chem. [2] iv. 67G). 

(Jacsiu m Silicof luor ide, 2(JHF.iSiF*, is prepared Vjy prccipitjiting cieslum 
chloride W'itli cupric silicolluoridc, and washing the precipitate on a filter till all the 
copper salts are removed ; it form.s anhydrous cjy'stals. Wlien prccipitatisl by 
ale()h(>l it is not distinctly crystalline, but fr»>m a hot Holutioii.it HCjjarates in shining 
octohedrons truncated by cubic faces. By spontaneous evaporation, cubes with 
truncated summits are c)btained. Sj>. gr. 3'3756 at 17°. f)ne part, of the salt dis- 
solves ill 166 pt«. water at 17°, and in a much smaller quantity of hot w-ater, but it is 
in.soluVdo in alcohol. Ignitcil with sal-ammoniac it leaves pure csesiurn chloride, Jt 
is easily and completely decom|K>8ed by lime-water (Stolba, J. j>r. Chrm, ciii. 410), 

Jiuhidium Si I ico/ 1 uo rid e, 2\i\>V .HiV*, precipitated from hot solutions as 
a distinctly crystalline piwder, appearing under the nnrrf»Mcf)po to consist of trans- 
parent cubes modified with octohedral and do^lecaliedral faces ; the precipitate formal 
in the cold is less crystalline. Sp. gr. 3*3383 at 20® referred to water at the samo 
temperature. 1 pt. of the salt dissolves in 6J4 pts. water at 20®, in 73'8 pts. at the 
l>oiling heat. The aqueous solution has an acid taste iind reai;tion ; a solution 
Siituraled at 20® has a sp. gr. of T00I3, The salt is more soluble in acids than in 
W'aUr ; insoluldc in alcohol ; reacts with alkalis like the js/tassium and »<xlium ssilU 
(•Stolba, «7. /jr, Chem, cii. 1). 

Cupric Silicofluoridc, m^y bo prepared by dissolving cupric car- 

bonate in dilute silicofluoric acid, or by l^oiling b.'irium siJicofluoride with the solution 
of an equivalent quantity of cupric sulphate tadding a small quantity of the barium 
salt towards the end of the process till the sulphuric rea/Aion disappears), nad 
evaporating in a vacuum at 10® to 22®. It forma crystals belonging to the hexagonal 
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system and consisting of 2(CuF*.SiF0 + ISH^O. Sp. gr. = 2*1676 at 19® referred 
to water at the same temperature. The crystals deliquesce in moist, effloresce in dry 
air, and decompose at 100®, giving off silicon fluoride. The salt is very soluble in 
waCler, 1 pt. of it dissolving in 0*428 pt.. water at 17° (sp. gr. of the solution 1*6241) ; 
1 pt. of it dissolves also at 20® in 17*7 pts. of 62 p. c. alcohol, in 150 pts. of 86 p. c. 
alcohol, and in 617 pts. alcohol of 92 p. c. Prom the saturated solution in weak 
spirit there separates, on heating, or op addition of an excess of the salt, or on 
addition of stronger alcohol, a heavy blue liquid not miscible with the solution, and 
consisting of cupric silicofluoride, water, and alcohol, in variable proportions ; a 
larger addition of strong alcohol throws down a light blue powder containing less 
water (according to one experiment, 2CuSiF* + llU-'O). Cupric silicofluoride, on 
account of its easy solubility in water and weak spirit, and its property of not 
corroding glass in aqueous solution, may be conveniently used as a reagent, especially 
for precipitating alkalis from solutions not -containing sulphuric acid (Stolba, Zeitschr. 
f. Chem. [2] iv. 95). 

SXX.lCO-r OS2«il.arB'S'X>RZX>3B. See page 1019. 
szucoiroxnrzi AZiCOBOlb. See page 1020. 

8XZiZCO-OXLA.Z.ZC ACZ]>. See page 1022. 

8ZXiZ00P&0»Z0»rZC ACZD. Sec page 1020. 

8ZXJK (Cramer, UntersucJiung der Slide mul des thicrischen Schlebns, Inaug. Diss. 
Zurich, 1863; J. pr. Chem. xevi. 76; Jahresb. 1864, p. 628; 1865, p. 653). — When 
silk is exhausted with water in a Papin’s digester six times successively for two or 
three hours each, under a pres.sure of thixio atmospheres (at 133°), and the pale 
yellow shining residue is freed from colouring matter by treatment with strong 
alcohol, and from a trace of fatty matter by ether, the undissolvod portion, amounting 
to 66 p. c. of the silk, consists of fibroin, having the appearance of 

cleansed silk, and easily torn (but not pulvorisablc). Fibroin boiled for some time 
with dilute sulphuric acid yields glycocine, together witli leucine and tyrosine, the 
amount of the two former being about fiv'e times as great as that of the tyrosine. 

Sericin or Silk~gelatin is obtained by boiling silk with water for about 
three hours, precipitating the expressed liquid with basic load acetate, and decom- 
posing the washed precipihito suspended in hot water with hydrogen sulphide. The 
liquid separated therefrom and somewhat concentrated, is first mixed with a quantity 
of alcohol just sufficient to produce a permanent precipitate, and the soricin is then 
precipitated from the clear filtrate by further addition of alcohol, A.fter boiling with 
alcohol and ether, drying, and pulverisation, it forms a c.o\our\cs8, 8C6nt\esB, and 
tastoleiis powder, which swells up strongly in water, and diBsolvos in hot water nurc 
easily than ordinary gelatin. A solution containing less than 1 p. c. still coagulates 
on cooling to a consistent jolly, which, howov'er, loses this property by prolongo I 
boiling, as well as by addition of acetic acid, pobish, or soda. Tannic acid produces 
in the solution a white thick flocculunt precipitate ; ferrocyanide and fcrricy<anido ol 
potassium do not form, any precipitate in the solution acidulated with acetic acid; 
aluminium sulphate and the salts of most of the heavy metals form precipitates 
which partly dissolve when heated, or in an excess of the precipitant. 

The analysis of soricin leads to the formula differing from that of 

fibroin by addition of O and H^O. The formation of sericin from fibroin ly 
oxidation is in accordance with the fact that fibroin, after prolonged exposure to tlic 
air, becoihes attackable by water; but the products of decomposition by sulplniric 
acid do not agree with this supposition. Sericin, in fiict, when boiled for some time 
with a mixture of 1 vol. sulphuric acid and 4 vqI. water, yields no glycocine, and 
only a small quantity of leucine, but, on the other hand, about 6 p. c. tyrosine and 
10 p. c. of a body called serine, closely related to alanine. 

Serine . — To prepare this substjince, silk is moistened in the bag till its surface 
is sufficiently softened — an operation often performed in dye-works for the purpose of 
cleansing — and then immersed for a short time in boiling water. To obtain a 
sufficiently concentrated solution, several portions of silk are treated with the same 
quantity of water, and the liquid is evaporated till it contains from 7 to 8 p- 
sericin. It is then mixed with ^ vol. sulphuric acid, boiled for 24 hours in a flask 
with upright condenser, and supersaturated with lime. The filtrate neutralised fr->m 
time to time with sulphuric acid deposits on evaporation, first tyrosine and 
and then serine in groups of crystals ; finally a small portion of leucine crystal list’s 
from the mother-liquor. The serine, after being pressed, is dissolved for further 
piwfication in 40 pts. of cold water, and the solution filtered from tyrosine is mixcH 
with a few drops of ammonia and ammonium carbonate to precipitate a smaii 
quantity of lime, and evaporated to the crystallising point. The last residue o 
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colouring matter is removed by mixing the solution with a few drops of basic lead 
acetjite, and treating the filtrate with sulphi^ic acid. 

Serine, C’*H’NO*, forms colourless mouoclinic crystals mostly aggregated in crusts 
or glandular masses, hard, brittle, soluble in 32 pts. water at 10^, in 24*2 pts. at 
20 , more soluble in hot water, insoluble in alcohol aud ether. The aqueous solution 
hsis'a faint sweetish tiste, and is neutral to vegetable colours. 

(C®H“NO*)*Cu, is formed on boiling a solution of serine with cupric oxide, and 
Lparates from the deep blue solution in crystals resembling copper-alanincw The 
silver compound is easily docomposible, and the barium compound, obtained by 
boiling serine in barium Ciirbonate, cannot bo obtained of consUnt composition. In 
dilute mineral acids serine dissolves much more easily than in water, and without 
neutralising them. From solution in strong hydrochloric acid, serine hydrochloride^ 
C’ll^NO’ . HCl, crystallises by spontaneous ovajwration over lime and oil of vitriol, 
in concentric groups of colourless needles, easily soluble in water, sparingly in 
alcohol. The nitrate, C='ll’NO^NHO*, is obUined from the hydrochloride by decom- 
position with silver nitrate, and crystallises by evaporation over lime and oil of 
vitriol, in easily soluble microscopic noodles. The sulphat<‘ is also crystallisable. 

The’rolatious of serine to alanine and cystine may be represented by the following 


formulai : 


In 

Alanine. 


IP 

((;ajpOy" 

IP 

Berino. 


N 


In 

(C’^ips)" j;, 

Cystino. 


The triatomic radicle is the radicle of glyceric acid, (C*lPOy"(01l)*, which 

acid is in fact produced by treating the aqueous solution of serine with nitrous acid 
(Cramer). 

Detection of other Fibres m Silhfabrics. — According to Spillrr {Chem, News, xxii. 
169), the best reagent f'ortliis purpose is concentrated hytlrochloricacid, whicJi dissolves 
silk immediately and completely, without appreciably alfocting any of tlio fibres 

(wool, cotton, linen, jute, &c.) with which the silk may be interwoven. The silk 
having boon thus dissolved, the residual fibres may bo washed and examined by the 
methods given in the Dictionary under the heads Cki.i.oiosh, Coiton, and Wool. The 
different varieties of cellulose (cotton, flax, <S:c.) are best distinguislicd by their micro- 
Bcopic characters. 

The mucilaginous solution of silk in hydrochloric aci<l forms with excess of ammonia 
a clear liquid which promises to be of use in photograpiiy, as when evaporated it loaves 
a brown saline residue, which when mixed with luiucous silver nitrate, yields silver 
IB. liA’m,iuue\i more easW^ affected than the 

AXIa'X.'WOIKM.. Ou v\\x\.tW\ot\ ol tXw axWwoim, fete ^c. Ovim. 


[2] vi. 83). 

SriLVBK. The most recent determinations by Stas of the atomic weight of this 
mt^tal give as the mean value, i07*929 ; former determinations by the same chemist 
(1860) gjvvo 107-931 ; and those of Marigmic (i. 905) give 107-928. The atomic 
weight of silver may therefore be regarded as finally established and « 107*93 
{^liechcrches sur les L<ds des Proportions chimiques, etc. ; Jahresh. 1867, p. 15). 

Pure silver for these determinations was obt4\ined; a. By reduction of nurifiod 
silver chloride with poUissium hydrate and milk-sugar (Levcjl’s process), both freed 
from every trace of metallic impurity.— /3. By a now method which, as regards facility 
and rapidity of operation and the purity of the product, is preferable to all othew, and 
dopencls on the complete reduction of silver from nmmoniacal solutions )iy ammoniacal 
cuprous sulphite, or by u mixture of ammonium sulphite with an ammoniacal cupric 
salt (alkaline sulphites without copper saltji precipitate only half the silver, oven at the 
boiling heat). At ordinary temperatures the n5<luction tak^ s place slowly, the preci- 
pitated metal being black, "blue, or grey accor<ling to the dilution of the liquid ; but 
above 60® the reduction is almost instantaneous, and attendisd with precipitation of 
grey or white metal, not a trace of silver remaining in solution so long ns the lif|nid 
does not turn blue. The process is conducted lus follows : Silver coin is dissolved in 
dilute nitric acid ; the solution is evapirated to dryness; the saline mass fused to 
decompose platinic nitrate,* then dissolvtsi in nmmoniacal-water ; and the blue solu- 
tion, clarified by longstanding and fi]tniti<»n, is diluted to 50 times its amount of silver. 
A determination is then made of the quantity of this solution which is decolorised 


• French silver coin was fotiiid by to contain small quantities of iron and nickel, and tracOf 
of cobalt, platinam, and gold. 

Sup. 3 U 
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by a known volume of neutral amniouium sulphite at the boiling heat ; the two liquids 
are mixed in the required proportions; the mixture is left at rest for 48 hours ni a 
vessel closed air-tight, whereupon about a thirtl part of the silver separates as a 
crystalline deposit ; and the decanted dark blue solution is heated for some time to 
00°-70°, whereby, if a sufficient excess of ammonium sulphite is present, it is coni 
pletely decolorised (unless the silver contains cobalt or nickel, in which case the liquid 
remains red or pale green). Th^ precipitated silver, after being washed, is digested 
with concentrated ammonia (a small quantity of silver then passing into solution, and 
remaining on evaporation as a black spbculum of silver nitride), then washed and dried. 
To obtain it in compact' form it is fused with 5 p. c. ignited borax mixed with -*-* 
sodium nitrate, and poured into moulds lined with a paste of ignited and unignital 
kaolin. The cooled bars are then cleaned with sand, ignited with pure potash (to 
remove the kaolin), and washed. If they have to be cut into smaller pieces with a steel 
chisel, the pieces must be again digested with pure strong nitric acid, and washed with 
animoniacal and pure water. 

Silver thus prepared, if the .solution has been diluted to the degree above directed, 
is free fcom all but more traces of volatile or oxidisable impurities. Exposed to tfte 
flame of the coal-gas and oxygen blowpipe in a crucible of burnt marble, it melts 
without becoming spotted ; boils briskly at a higher temperature, giving out a palo 
blue flame (or purple from admixture of strontium, calcium, or lithium vapour from 
the substance of the crucible), colouritig the burnt lime deep yellow, and finally 
volatilising without a trace of residue. 

Equally pure silver may bo obtiiined, according to Stas, by Millon a. Commaillc’s 
process of reduction with an ammoniacal solution of cuprous chloride {Jahfp^h, 
1863, p, 283), provided this sohdion is free from iron. Ihit a solution prepared with 
commercial copper always contains ferrous oxide, an<l therefore yields a silver preci- 
pitate containing ferric oxide, from which the iron cannot be separated, by any siinplo 
process, 

Grj^er {Zeitschr. anal. Chrm. viii. 61) prepares pure .silver by reducing an amraonia- 
cal soiil^ition of the chloride with oxci s.s of zinc, digesting the washed precipitate with 
strong' hydrochloric acid, washing it with w'ater, then with aqueous ammonia, and then 
again with water. Pure silver maybe soparu(e<l in this manner fi'ora atajportiacid 
solutions containing copper, provided the quantity of zinc present is less than sufficient 
to reduce all the silver. 

When cupriferous silver is distjllc<l a.s above in a kind of retort made of two pieces 
of burnt marble fitted one upon t he other, part of the copper distils witli the silver, 
and argentiferous copper remains in the retx)rt, the copper for the most part us 
oxide. Lead is volatilised or oxidised Vudbre the silver. 

Distilled silver is dazzling white, of .sp. gr. 10*57*^. and softer than fused silver, 1-y 
wliich it is scratched. Perfectly pure silver in very thin layers appears bluisli-gre( ii 
by transmitted light, in somewhat thicker layers yellow to yollow-brown. Wuch 
deposits are obtained by dissolving silver in a hot solution of potassium cyanide, and 
when the liquid has cooled to GO^-70®, dipping into it a glass tube heated to a soino- 
what higher temperature. In a tube thus lined witli a very thin film of silver, a 
mixture of chlorine and hydrogen detonates instantly in sunshine; if the coating 
is thicker, the combination takes place in iho course of a few hours without explo- 
sion (Christomanos, Zcitschr. f. Chem. [2] v. 310). 

Eoucault {Cotnpt. rend. Ixiii. 413) also found that thin silver spoeula transmit light 
with bluish colour (the transluooney being a property of the silver and md d* - 
pendent on porosity), and that therefore piano glas.sos or lenses silvered on one 
side might bo used iu optical iiistrumonts for diminishing the intensity of light. 

Soulie Soc. Chim. [2] viii. 136) describes a procc.ss now used in the Unit/ d 

States for extracting gold and silver from their ores, wliich consists in forcing tbo 
finely pulverised and moistened ore (pyriteferous or quartzose) through melted lead hy 
atmospheric pressure. The gold and silver, as well as the metallic oxides and sulphides, 
are taken up by the lead, while the exhausted ore rises to the. surface, and is removed 
by a peculiar arrangement. The lead when sufficiently charged with gold or silver is 
expelled. 

W. G. Blagdcn {MecJianic's Mafjazine, Sept. 1867, p. 220 ; Jahresh. 1867, p- 887) 
describes a method of desilvering lead by means of zinc and the electric current. The 
previously refined metal is heated to 450'^ in a pan like those usctl in Pattinson s 
process, about ^ p, c. zinc is added, and as soon as it is completely dissolved, an elcctr'.c 
current is passed into the bath by means of copper wires for 10 to 30 minutes. The 
zinc holding the silver in solution then rises to the surface, and may be removed as a 
$plid crust when the bath has cooled to about 450®. For satisfactory desilverisation 
0OWn to ygjy p. c.) tlio Operation must bo repoatetl several times. 
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On the action of light on chloride^ hromidey and iodide of adver^ see Poitevin, Bull* 
Sod Chim, [2] v. 156; — Kaiser, Jakresb. 1865, p. 279; — Carey Lea, Am. J. [2] 
xxxix. 74 ; xl. 109; xlii. 198 ; Jahresh.lSQd* pp. 279, 282 ; 1866, p. 262 ;—H. Vogel, 
Poffg. Ann. cxxv. 329; — W. Reissig, J, pr. Chem. xcv. 405 ; — Schnltz-Sellack, Beut. 
them. Ctea. Ber. iv. 210 ; Chem. Soc. J. j^2J ix. 802. According to Lea, pure silver 
iodide is not reduced by light, the reduction taking place only in prcsonco of silver 
nitrate or organic bodies. ♦ 

BUver riuoride. AgF. — This compound has been cure fully examined by Gore 
{PhU. Trana. 1870, 227 ; Proc. Roy. Soc. xix. 235). It was prepared by dissolving 
pure silver carbonate in hydrofluoric acid and evaporating in a platinum dish, but, 
unless peculiar precautions are tiikon, it generally contains a little metallic silver and 
twees of water and hydrofluoric acid. It is usually obtaimul in yellow earthy lumps, 
but when completely dehydrated by fusion, it forms a black horny mass, liaving a 
silvery lustre on the surface, arising from minute piarticlos of metallic silver. It is 
extremely deliquescent ; 1 pt, of it dissolves in 0*55 pts. water at 15*5*^, heat being 
avolved in the dissolution, and a strongly alkaline liijuid being formed. Tile satu- 
jrated solution has a sp. gr. of 2 G1 at 15*5°, cxhibit.s .snpcr.satiiration on cooling, 
and solidifies, with rise of temperature, when a i)l;itinum plate is dipped into it. 
t’rystals of a hydrated salt may be obtained from the solution, l>ut the rest of the 
salt separates at the same time in the anhydrous and amorphous state. The dry 
salt is not decomposed by light. It molts below a visil)le red lieat, forming a 
strongly lustrous, mobile, pitch-black liqui<l. Jt is not decomposotl by heat alone, 
bift in the’fusod or semifused state it is quickly deconiposed by the moisture of 
the air, with separation of metallic silver; dry air does not affect it. Brought in 
contact in <!he fused abitc with platinum poles, it conducls electricity like a metal, 
without visible evolution of gas or corrosion of the positive polo ; a silver polo is 
quickly dissolved, and a carbon pole gradually attacked. The neons soliitiuii yicUls 
by electrolysis, silver crystals at the negative, and silver peroxide at the positive polo. 
Kydrogen does not affect the dry salt in sunshine, but <lecomposes it grijb^ally at 
a CQiaiiLeilcing red heat, with separation of metallic silver. Tim dry salt and the 
aqiieoi^JMlution are not dccompose<l by oxygon or by nitrogen ; iieitlier do the 
oxidea of nitrogen act on the fused salt. Ammonia gas is (juickly al)sorl)od by the 
dry- find Ijy the fused salt, in the latter case with separation of metallic silver; the 
concentrated solution is also decomposed l>y strong aqueous ammonia. Wlion vapour 
of hydrofluoric acid is passed over the perfectly dry and previously fused salt, at a 
temperature of 13®, an acid fluoride is formed, which liowovui* decomposes at a slightly 
higher temperature. 

When silver fluoride is heated in cldorino gas, in ve.ssols constructed partly of glass, 
partly of platinum, the glass is more or b ss Jittacke<1, the ehloriim unites with the 
platinum and the silver fluoride, forming a tlouble salt, lAgCl.PtF*, and a vacuum is 
produced. Similar results arc obtained in vessels of plat innm alono or of grdd. In 
vessels constriicted partly of purified graphite a eornpound of fluorine and cjirbon is 
formed. Bromine and icxlino act uj)on silver fluoride in a similar manner; iislino 
however does not form a double salt analogous to the ehlorino-eonjpfamd above 
mentioned. An arjuoous solution of silver fluoride agitated with chlorine becomes hot 
and gives off oxygen ; 

8 AgF + Cl" + 411-0 = 7Ag01 -t- AgClO^ + 81 IF -t- O. 

Dry hydrochloric acid gas comple tely decomposes silver fluoride in the imdted state, 
but only acts upon it superficially at 60'^ F. A saturated aqueous solution ot silver 
fluoride is not precipitated by chloric acid. 

Silver Oxides* Argentous Oxide, Ag*0, is produced by the act ion' of hydro|^(,‘n 
dioxide on metallic silver (and therefore also in the decomposition of firgentic oxide 
by excess of hydrogen dioxide). A briglit silver plato immersed in a perfectly neutral 
solution of hydrogen dioxide becomes covered with bubbles of oxygen and coated with 
a greyish-white film, while part*of the silver is convivled by addil ion into IiydraUai 
argentous oxide, according to the equation 2Ag* + JI'^O* 2lf/Vg'0, utkI dissolves in 
the liquid ; a small quantity of a grey-black precipit<ato is likewise depf)sitod. I ho 
solution of argentous hydrate when exposed to the air accpiin s the colour of cobaltous 
Salta, and becomes slightly cloiulwl by separation of tlnely divided silver. With 
potash it forms a brown-black precipitate ; with hydrochloric acid a precipitate of 
silver chloride and metallic silver: 2HAg*0 + 2irri = 21DO + 2AgCl + Ag^ When 
evaporated it leaves a residue which appears crystalline under tlio microscope, and 
when treated with water gives up argentic hydrate and dcp<^)sits metallic silver in trans* 
purent, red, microscopic ci^'stals, according to the e<iuation 2IIAg*0 i= 21lAgO + Ag*; 

3 u 2 
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the solution of argentic hydrate thus obtained has a slight alkaline reaction, and gives 
with hydrochloric acid a precipitate of silver clilorido (Wcltzien, Ann. Ch. Pham. 
cxlii. 105). 

On the preparation of silver peroxide by ele^olysis of an aqueous solution of the 
nitrate, see Bdttger, Zeitschr. j. Chem. [2] vi. 82. 

Decomposition of Organic Silver-salts hy Water. — When silver malate is boiloil with 
water till only traces of silver remain in solution, the liquid freed from those traces 
yields on evaporation nothing but malic acid. The tartrate similarly treated yields 
only tartaric acid ; the vapours given olF during the boiling of this salt have an acid 
reaction, and when neutralised with baryta-water yield barium-carbonate, together 
with small quantities of a barium salt which cryshilliscs in acuminated needles 
(Kammorer, Ann. Ch. Pharm, cxlviii. 237). 

SZK’CAXilxrE. From experiments by Claus a. Keese (J. pr. Chem. cii. 24 ; 
Jahresb. 1867, p. 494), this base appears to bo identical with neurine or choline, 

SXTBSXXT, The name applied by Commaille {J, Pharm. [4] iv. 108) to the casein 
of gluten, 

SXTOSXXr. Commaille’s name fi>r the albumin of wheat-flour. 

80X>A. For the continuation of Kolb’s researches on the Boda-raanufacture and 
the composition of soda-waste, see Ann. Ch. Phys. [4] viii. 136; x. 106; Bull. Soe. 
Chim. [2] vii. 370; Jahre.'sh. 1866, p. 860; Chem. New.s, xiii. .162; xiv. 16, 40, 53. 
See also Petersen, Bull. Soc. Chim. [2] viii. 36 ; Jahresb. 1866, p. 853 ; — Weldon, 
Chem.NSws, xiv. 41 ; — Scheuror-Kcstner, Ann. Ch. Phys. [4] xi. 220; Ball. Soc. Chim. 
[2] vii. 217 ; Jahresb. 1867, p. 904 ; — Hargreaves, Chem. News, xv. 219, 232 ; Jahresb. 
1868, p. 931 ; — Wright, ibid, xvi. 17; Chem, Soc.J. [2] v. 407 ; — Brisse, Btdl. Chim. 
[2] vi. 100, 134 ; — Kessler, ibid. 299 ; Jahresb. 1867, p. 907 ; — Schldsing a. Holland, 
Ann. Ch. Phys. [4] xiv. 5 ;— Ungorer, Dingl. pol. J. clxxxviii. 140 ; Bull, Soc, Chim. 
[2] X. 160 ; Jahresb. 1868, p. 932. 

flOBXITM. This metal, together with the rest of the alkali -mebils, has hitherto 
been regarded as monatomic or univalent. Wariklyn, however, from considerations 
relating to the composition and reactions of sodium-ethylate and other organic sodium- 
compounds, concliide.s that it is in most cases trivalent, sometimes also quinquivalent 
or septivalent, and possibly capable of exhibiting still higher degrees of coiiibiniiig 
capacity. 

Crystallised sodium etliyhito, or sodium alcohfd, o])taincd by the action of sodium 
on absolute alcohol, has the composition CHI'NaO . 3C'H'‘0, and when heated to 200^ 
for some time gives off 3 mol. alcohol .and leaves a white amorphous residue consisting 
of absolute sodium ethylate, C'-^lPNaO, or ethyl o no-sodium hydrate, 
C*H*NaOH (p. 593). To these two compounds Wanklyn assigns the following 
fonnulsB : 


or 


OH 


Na'" 


(C2H«)^" 

I 

O 

H 

Absolute. 


Na’” 


(OCW 
t OCHl" 

\}n 

ocqi^ 

Crystallisetl. 


Fthylene- sodium hydrate is capable of uniting directly with liydrogen chloride, 
hydrouen sulphide, and acetyl chloride, forming compounds represented by llie 
formulae : 


Na"' 


f(oc‘*H‘y 

H 

Cl 


Na" 


(OC-IP)' 

H 

(SII)' 



Na* 


XT -iC IH 

- JoO'H’O 




With ethyl acetate it forms ethylene-sodium acetate and alcoliol : 

JCHH ^ (C2H»0 

( OH JOCHP 

Corresponding compounds containing the mdicles valeryl and benzoyl are obtaiae<l 
in, like manner. Sodium amylate or araylenc-sodium hydmto, obtained by tl)o 
action of sodium on amyl alcohol, likewise yields similar suite, e.q. the valerate 

iOC*H’‘0- 


JNa' 



SODIUM. 


All these salts when treated with water yield ethylic or amylic alcohol, and an 
acetate, valerate, &c. : e,g.^ 


^OC'^U^O 


NaOeWO. 


The preceding compounds might of course be reprosciitod by fortnul® containing 
univalent sodium : e.g.^ 

Klhylono-sodium hydrate, C^Il* | 

But Wanklyn suggests that if sodium alcohol really had this constitution, that 
is to say, if it consisted of ethyl alcohol in which an atom of liytlrogon in the ethyl- 
radicle was replaced by sodium, it should admit of the replacement of its sodium in 
that radicle by ethyl {c.g. when treated with ethyl iodide), and yield hydrate of 
ethylated ethyl, that it tx3 say hydrate of Inityl, or biilylic alcohol. In like manner 
ethylene-sodium acetate, if it consisted of .sodinated ethyl accbito, C^H^Na . OCWO, 
should bo converted by similar treatment into ethylated ethyl acetuto or butyl acetate. 
But neither of ‘these transformations is observed to take place. The acetal e treated 
witli ethyl iodide undergoes, in fact, a more complicated decomposition, yielding 
sodium iodide, alcohol, and acolylinated ethyl caproate; thus : 

f?"^* fC’U(CTI‘)'‘0 

Nii"Ni Na"'J ' + = NirP + COl‘0 + | 

lc^H>0 Icqr’O (OC»H-(C«H*0) 

2 mol. Etbylene-sodium Alcohol. Aectyllnatctl ethyl 

acetate. caproate. 

Tho trivalent character of sodium is further exhibited in sodium-triaeetyl, 
Na'’XC*IPO)’, produced, together with ethylono-sotliiim ucebvto, by tlio action of sodium 
on ethyl acetate (p. 16) : 

• Na* -h 3(C-^U^0C*H’0) » Na(C*U»0)* + 

((ZnC'^Il')' 

and in the double compound of sodium-ethyl and zinc-ethyl, Na"M C'^JP 

The inorganic compounds of sodium may also bo represented by formuloo containing 
trivalent sodium ; c.y,, 

. NaCl 

Hydrate. ♦ . Na].. Chloride . . j| 


2 mol. Ethylene-sodium 
acetate. 


Sulphydrate 




Hypfjcblorito , 


(fOCl)" 

Bleaching soda Na-lll 
Cl 


Sulphide . 


Sodio-mercuric 
iodide . . 


K.jj 

NiiCl' 




Sulphate 


Acid sulphate | 

SO»~OII 

This list might he indefinitely extended, so as to include a host of double cblondet* 
bromides, and iodides, which, on the usual hypothesis of the monad character of 
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sodium, are regarded as 'molecular compounds,* that is to say, as compounds whoso 
structure we are not yet able to explain. 

Precisely similar views may bo taken of the constitution of tb^, compoiinds of potas- 
slum and of the other alksili-metals. Por further details, seS Ann. CA. Pharm, clii. 
200 ; Chem. News, xx. 293, 313 ; xxi. 97. 

Metallic sodium is not acted on by chlorine gas, either when it has been previously 
fused, or when agitated in the fused state with the gas (Wanklyn, Chem. News xx 
271). 

S01>XXr]M[-jA.XM[.A.&Dril.ltt. See Amalgams, under Mercuuy (p. 816). 

SOXiAlirZirB. According to Kletzinsky {Z^itschr. f. Chem, [2] ii. 127), this base 
has the composition and in contact witli sooiutn-amalgam is resolved into 

nicotine and butyric acid ; it likewise yields nicotine when fermented with putrid 
cheese, sugar, and chalk. 

SOMBRBItXTE. S. Ilaughton {Vhil. Mag. [4] xxxii. 220) found in this 
mineral : 

SiO» ' r^O-Ca* CO’Oa KOI CaP» H*0 

008 89*64 bo 2-81 0 10 0*60 = 98 23 


SPARTikZTH. A specimen of this mineral froitt Sterling, Sussex County, Now- 
Jersey, analysed by C. U. Shepard (Sill. Am. J. [2] xxxix. 174), gave 13*79 p, c. MnO, 
43'j(i$. ^0, aaj|ct'.42'01 CO^ agreeing with the formula (j MnO, | CaO).CO^. Sp. gr. 
2*81:S^'^J5 ?o #VX)id confusion with the red zinc-ore culled spartMite 366), Shepard 
to designate this calcio-manganoiLS carbonate as calcimangite. 

B.RTA.Xi'VSIS. Applications to Terrestrial Chemistry . — The only 
/ S^C^lJ^ion to the general fact that incandescent solids omit light of every degree of 
has been observed by Jlunscn (Ann. Ch. Phar?n. cxxxvii, 1) in the case 
- of glowing erbia, which gives a broken spectrum in which the bright lines are intense 
enough to serve as a means of detecting this rare earth. This singular phenomenon 
does not however constitute an exception to the law of exchanges; for Bunsen has 
shown that the bands of maximum intensity in the omission spectrum coincide exactly 
in position with the bands of greatest darkness in the absorption spectrum. A similar 
inversion of the didymium bands has also been observ'cd by Bunsen. The satiio 
observer has published some interesting facts respeoting the absorption spectrum of 
f3ie erbium and didymium compounds when examined by polarised light (Phil. Mag. 
[1866] xtxii, 177). From these experiments it appears that the absorption -bands 
vary slightly, (1) according to the chemical nature of the particular salts of these 
metals employed, and (2) according as the ordinary or the extraordinary ray is allowetl 
to pass through the crystal. A variation in those absorption-bands is also noticcii 
according to the direction which the ray is passed through the crystal of sulphate, 
and again a ditferonce is perceived in the nature of the absorption-band thus produced 
and those caused by absorption in a solut ion of tlio salt, 

‘ These differences,* says Bunsen, ‘observed in the absorption spectra of different 
didymium compounds cannot, in our complete ignorance of any general theory of the 
absoi*ption of light in media, bo connected with other phenomena ; they remind ono 
of the slight gradual alteration in pitch which the notes from a vibrating elastic rod 
undergo when the rc/d is wcigldod, or of the change of tone which an organ-pipe 
exhibits when the tube is lengthened.* 


Soi*by found that certain specimens of zircon exhibit distinct absorption-bands 
(Chem. Ncivs, xix. 121), and concluded that those were caused by the presence of a 
now raetjil, to which ho gave the name of jargon ium. More recently, however, ho 
lias found that the peculiar spectra are duo to the presence of certain compounds of 
uranic oxide with zirconia. (See Zircon.) 

Crookt s (Proc. Roy. Soc. xvii. 448) describes the spectra obtained by transmitted 
and reflected light from different varieties of opal ; the absorption spectra exhibit 
dark bands identical in position with the bright lines obtained by reflection ; both 
sots of lines sliow an irregular form, giving occasionally a spiral appearance, due 
probably to some irregularity in the cracks or laminse causing the interference- 
colours. 


Our knowledge of the spectra of the metals has recently received an important 
addition fi*om Thal6n, who has carefully mapped the bright lines of the following rare 
metals: glueinum, zirconium, erbium, yttrium, thorinum, uranium, titanium, tungsten, 
molybdenum, vanadium (Aoua Acta Reg. Soc. Upsal. ser. iii. vol. vi. [1868]). The same 
obferver has also determined the wave-lengths of the principal Hues of forty -five 
tuetallic and non-metaliic elements (loc. cU.). 
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The (Subject of the spectra of the metuUo'ids (see Dictionary, vcl. v. 388) has attracted 
umch attention, and the difficulty of truly explaining liio results isshown by the diversity 
of opinions respecting^ the nature of tlio double spectra. Thus Angstrom {S^m^tre 
normal du SolcU, Uj^la, 1868, p. 38 ; also Phil, Mag, [4j xlii. 396) states that the 
conclusions deduced by Pliickor and Hittorf (Dictionary, v. 388) regarding the double 
spectn\ which many of the metalloids exhibit are not warranted, and that experi- 
ments made by him in conjunction with Thal6n in no way boar out the opinion that 
one element can give totally different spectra. According to Angstrom, * the very 
reverse of this is true; that by successively augmenting the tomperatui*o wo find 
that the intensity of the rays varies in a most complicated manner, and that accordingly 
even new rays ca?ti make thoir appearance if the temperaturo be sufficiontly misoth 
But independently of all th?se mutations the spectrum of each suhstance always 
preserves its original character.* On the oilier hand, j^rnnkland and Lockyor {Proc, 
Roy, Soc, xvii. 288, 4531, Wullnor (Pogg, Ann. Dec. 1868; Phil. Mag. [ 1 ] xxxvii. 
405), and Salet (Phil, Mag, [4] xlii. 318) describe certain important modifications 
which the spectra of hydrogen, nitrogen, and other metalloids undergo when the tension 
of the giis through which the spark passes is changed, and the tompomiure of the 
particles is thereby .altered. Under certain conditions of temperature and pressure 
the hydrogen spectrum can be^ reduced to one line in the green, corresponding to the 
solar line F, whilst the complicuted spectrum of nitrogen can likowiso bo reduced to 
one bright lino in the green, with traces of other more refrangible faint Uuos (hVank- 
land and Lockycr). The same x^bciiomeium with respect to nitrogen 
been obson’ed by Huggins (/V/i/. Trans. 1868, p. 629; Koscoo’s Sj>ectrum 
edit. 332). Wiillner fully describes the variation of tlio liydrogen spectrum 
pressure; when the tension of the gas is 135 inm. the tube shines with a 
of insufficient intensity to yield a visible spectrum ; when the pressure is rcdttlS^ 

160 mm. the light omitted is bluisli-whito, and gives a continuous spectrum, in 
the lines H a [C] and 11 /3 [FJ stand out. Under a jiressure of 70 mm. the light is" 
reddish-white, and the spectrum is continuous with 11, a, $, and a, visible, and alsoa|saries 
of beaut'fully shaded bands in the greenish and reddish vellow. This spectrum becomes 
more brilliant as the pressure diminishes to 30 nmi. Under 21 mm. the lines H, «, (8, 
and y stand out brilliantly, and tin; shadeil bands witli the continuous spectrum 
become less intense. When the pressure is diniiuisbod to about 8 mm. the bands 
disappear and the continuous spectrum hecomes almost invisible ; under further rare- 
faction to 3 or 2 mm. the characteristic lines retain the sumo brightness, and GVetf* 
thing else disappears almost entirely from the spectrum ; yet with a siniultaneouB 
cnfooblemeut of the bright linos, part of the continuous spectrum reappeam itt^ the 
green. Hence it appears probable that the band spoctrinn of hyilrogon belongs to a 
lower temperature than that in which the throe lines alone are seen. The reappOerr- * 
anCe of the continuous spectrum with groat rarefaction also boars out this hypol&esis, ^ 
inasmuch as the intensity of the current, and lhcroft>rc the heating effect on the 
particles, diminishes hy the greatly increased resistance of the highly rarefied gas. 
According to Wiillner, a still more reniarkahlo cliarigo occurs when the hydrogen- 
tube is exhausted to the extreme limit f)f a Spronged’s pump ; llie light then suddenly 
becomes of a splendid green, like the light of a thallium flame, aud the Hpoctrum is 
quite changed. The lino II o can scarcely be seen, and six sphmdid green linos 
appear on an almost black ground. This spectrum is always (“xhibitod when the 
tube has attained the extreme degree of rarefa( ti<in of the Sprengel’s pump, and if 
the discharge be continued fur some time with the tube stop-cock closed, a continuous 
spectrum appears, but this on again exhausting (aUliongh no change of density in 
the gas occurs) yields the peculiar lino spcctruiii just described. Wiillner has com- 
pared this spectrum with that of aluminium (of whicli metal the electrodes were 
composed), mercury, and other substances, traces of wliicli iniglit bo jircs'entand might 
possibly cause the appearance observ'ed, l>ut he omchides from the non-coincidonco of 
the green lines with those of the mcbils, &c., that these former are really due to 
hydrogen. Wiillner cxjncludes that difference of temperature must in the case of 
hydrogen be regarded as the cause of the essentially different spectra observed, and 
hence that the emissive power of a substance may materially alter with the tempera- 
ture. A similar series of observations have Ticen made by Wiillner with oxygen ; 
three distinct spectra may be obUiined with induction-currents according ns the 
oxygon in the tube has a greater or less <lenHity, and these three different spectra 
depend upon the temperature to which the particles of the oxygon are heated, 

•The comportment of nitrogen appears to be somewhat difhirent; this gas furnishes 
two spectra, but these cannot be obtained one from the other by a simple change^Mof 
density of the gas, the difference in temperature thus produced being insufficient ta 
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change the spectrum, and tin's can only be effected by an alteration in the mode of 
discharge, such as the introduction of a Leyden jar. The singular fact of the thickonine 
or broadening of the hydrogen lines, and especially of the line Hj8 [F], under certain 
conditions, was observed by Tliicker, but Frankland and Lockyer concluded that this 
was due to diminution of pressure, ‘ and not appreciably, if at all, to temperature 
per sej 

In a recent communication (Co?npt. rend. Aug. 7, 1871) Angstrom reasserts his 
conclusion that hydrogen and oxygen have each but one spectrum, that of hydrogen 
being the one found in the light of the sun and stars. He bases his opinion on tlie 
difficulty of obtaining any gas perfectly pure in an extreme state of rarefaction ; thus 
on one occasion he rarefied air in a Geissler’s tube as much as possible by a mercurial 
pump, causing the discharge of a Rubrnkorff" s coil to puss through the tube, and obUined 
in succession the following spectra: (1) the ordinary air spectrum, (2) the fluted 
spectrum of nitrogen, (3) that of carbonic oxide, (4) the lines of chlorine and sodium. 
If the vacuum has boon produced by mercury, the spectrum of this metal may he 
obtained; and if the gases are dried by sulphuric acid, the sulphur spectrum may make 
its appearance. Angstrom then proceeds to criticise Wullner’s four different hydrogen 
spectra. One of these is the true hydrogen spectrum of fine bright lines, and this 
does change into one consisting of bright bands or into a continuous spectrum (as 
Angstrom himself discovered in 1853) when a dcn.ser gas is used. The othtjr two 
hydrogen spectra Angstrom disposes of by showing that the spectrum of acetylene as 
observed by Berthelot is identical with one, whilst the other is identical with tho 
sulphur spectrum. 

As regards the two now spectra of oxygen found by Wiillner, Angstrom shows that 
the lines of tho one are identical with those of tho oxide of carbon spectrum, whilst 
the other is beyond doubt tho same as that of chlorine. Hence he concludes that wo 

not know as yet any other spectrum of oxygen beyond that discovered by himself in 
1853, and examined with care by PlUcker. The variation observed in the spectra of 
certain gases by tho action of magnetism, Angstrom ascribt's, not to the existence of 
different spectra for one substance, but to the production l)y the magnetisation of now 
combinations or now substances, an action similar to that produced by inserting a 
condenser or Leyden jar in tho circuit. Thus a Ooisslcr’s tube gave between the poles 
of an electroinagnet the ordinary spectrum of carburetted hydrogen, whereas without 
the' intervention of magnetism it gave tho carbonic oxide spectrum witliout i\o 
bmiig visible; whilst another tube containing hydrogen obtaiiiol 
from water and dried, over sulphuric acid, which gave Pliickor’s two hydrogen spectra, 
gave when under tho influence of magnetism, the .sulphur lines, which Wiillner believes 
to be a new hydrogen spectrum, whilst at the same time the carbonic oxide lines were 
seen near tho polos. 

Saiet ( Compt. rend. 1871 > No. 9) has examined the spectrum of sulphur, and con- 
firms Pliicker’s original discoveries, inasmuch as he concludes that two spectra of this 
metallo'id really exist, one composed of lines and the other of bands, tho first produced 
by the disruptive discharge, and the second by discharges of loss tension. 

Under certain conditions incandescent gases can, as wo have seen, yield continuous 
s^ctra. Dibbits {Pogg. A^in. cxii. 497) in 1861 showed that the oxyhydit^en flame 
yields faint continuous spectrum, in which the briglit lines of hydrogen and oxygen 
are not seen. And Fninkland {Proc. Nog. Soc. xvi. 419) lias proved that when tho 
pressure under which tho gases are burnt is^ much increased, a very considerable 
augfliliixitation of the luminosity is obtained and a bright continuous spectrum is 
obsei^ed. A continuous spectrum is likewise obtained w’hon many gases or vapours 
undek^o combustion, and these considerations have led Frankland to conclude that the 
ordinary expbvnation given by Davy of the luminosity of flame is incorrect, and that 
the light is due, not to the incandescence of solid carbon, but to iho combustion of highly 
condensed gaseous hydrocarbons. 

It is to be remembered that although, under the conditions most generally met with, 
gases have been found to give discontinuous spectra, the Theory of Exchanges, upon 

truth of which the science of specti-um analysis is founded, does not give us any 
information whether a gas yields a continuous or a broken spectrum. According to 
this theory, ^if a glowing gas absorbs some of each of the rays which fall upon it, it 
fnust emit a continuous spectrum. Even under diminished pressure many gases 
exhibit a continuous spectrum, as is seen in a flame coloured by soda or potash sidt. 
Kirchhoff showed many years ago that when the temperature or density of a glowing 
gas is increased, and the luminosity of the spectrum becomes greater, the dark portioSs 
of the spectrum must increase in luminosity more rapidly than the bright portions. 
Hence it does not appear surprising that by increase of temperature and pressure the 
spectrum originally consisting of bright lines or bands upon a scarcely visible continuous 
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background should by degrees change into a spectrum exhibiting all the colours in 
equal intensity. H. St, Claire Deville {PkU. Mag. [4] xxxvii. Ill) gives a somewliat 
similar explanation of the continuous spectra from incandoscont gases, and docs not 
endorse Frankland's conclusions concerning the source of luminosity of the candle- 
flame. 

At 7 no 8 poetic Lines and Spectra of the Moon and the Planets . — The 
existence of dark bands caused by atmosplieric absorption was first pointed out by 
Brewster in 1833. 

In 1865-6, J. P. Cooke junior {Proc. Amer. Acad. Sc. vii. Jan. 1866; and Am. 
Journ. Sc. and Arts, vol. xi. Nov. 1865) showed that many of the air linos are solely 
due to aqueous vapour contained in the atmosphere. Janssen produced tliese lines 
artificially by allowing the light from 16 jets of coiil gas to pass through a column of 
high-pressure steam 37 metrera in length. Groups of dark lines then appear in the 
sp(*ctrum between the extreme red and the linos L). These linos are found to coincide 
with lines in the solar spectrum which become intense when the sun is near the horizon. 
(For Janssen’s map of these lines see Roscoes Lectures, 2nd edition, p. 226.) 

Lhe Moon . — No signs of a lunar atmosphere presented them.solve8 in a mostaccurato 
examination which Mr. Huggins mywle as follows : thospectruni of a shir was carefully 
observed at the moment the dark edge of the moon passed over it. If an atmosphere 
existed in the moon, the observer would sec the starlight by refraction after tlie occult- 
at.ion had occurred, and the rc<l rays being less refrangible would disappear before 
the blue. All the differently coloured rays wore found to disappear at the same 
instant, and hence the absence of a lunar atmosphere is to be inferred. 

The Planets . — In the spectrum of Jupiter, lines are seen indicating an absorptive 
atmosphere about this planet. One strong band corresponds to a known elementary 
subshince (hydrogen), whilst the same conclusion is arrived at with Saturn. Padre 
Secchi concludes from his own observations that in all probability the vapour of water 
exists in the planetary atmospheres. The red colour which distinguishes Mars is not 
derived from absorption in its atmosphere, as the light reflected from itBp)lar regions 
is free from the red tint peculiar to the other portions of the planet (Huggins, Monthly 
Notices R. A. Soc. xxvii. 178). 

Spectrum of Uranus . — Huggins {Proc. Roy. Soc. xix. 488) has observed the 
absorption-spcctnim of the planet Uranus witli his equab)rial refractor of 15*i&ch 
aperture. This is characterised by six remarkably strong absorption-linoai^^Jhe 
strongest of these has a wave-length of about 644 millionths of a millimowo ; 
another at 572 is nearly as broad, but not so dark ; the one a little less refrangible 
than I) is narjowor than the others. The most refrangible band is identical in 
position with the F line, and was proved to bo coincident with the bright hydrogen 
line P, so that this band in the planet spectrum is probably duo to liydrogen. Throe 
of the bands were found not to differ greatly in position from the bright air lines, 
but there is no strong lino in the spectrum of Uranus corresponding to the strongest 
of the air lines, viz. the double nitrogen lino. The lines due to c4irbonic acid do not 
appear in the Uranus spectrum ; there is no absorption -band in the position of th^;v 
sodium line, nor are the linos in the spectrum of Uranus at the positions of the 
principal groups produced by absorption in the terrestrial atmosphere. , 

Terrestrial Atmospheric Absorption. — Lieut. J. H. Ilonnc.ssey {Proc. Rt>y. Soc. xix. 1) 
has mapped on a more complete scale than has been hitherto done, the absorotion- 
lincs seen at Mussoorio in India when the sun is low. An accurate map ofitibeso 
lines from A to D accompanies the paper, many of which are found to be idenjiical 
with the air lines mapped by Kirchhoff. 

Spectroscopic Observations of the Sun . — A complete mernoin on the ‘Nor* 
mal Solar Spectrum ’ (Upsala, 1868) has been published by A. J. Angstrom of UpsaU, 
accompanied by an atlas of six plates exhibiting the whole length of the solar spectrum 
from A to II, The positions of these lines are mapped according to Iheir wave- lengths, 
which have been calculated from obsen^ations most carefully niiulo with diffraction* 
^ectra. The bright metal lines coincident with those of Fraunhofer are also given, 
T^he following table gives a summary of the solar lines shown on Angstrom’s maps as 
produced by known elements : 
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Substances 

No. of Lines 

Substances 

No. of Lines 

Hydrogen 

4 

Manganese . 

67 

Sodium. 

9 

Chromium 

18 

Barium 

11 

Cobalt . 

19 

Calcium . 

76 

Nickel . 

33 

Magnesium , 

4+3 (?) 

Zinc 

2(?) 

Aluminium . 

3(?) 

Copper . 

7 

Iron 

460 

Titanium 

118 


Tho presence of titanium in the solar atmosphere was discovcrod by Thal6n. Many 
of these lines wore formerly supposed to be duo to calcium, having been obtained 
by the ignition in the electric arc of gas carbon impregnated with calcium chloride. 
Tho carbon however contained titanium, and 118 out of 170 of tho observed titanium 
lines were seen to be coincident. Hence there can be very little doubt as to tho 
existence of titanium in tho solar atmosphere, and tho well-known occurrence of this 
metal in meteoric stones seems to support the view that titanium possesses a general 
cosraical distribution. The total number of coincident solar lines now observed 
amounts to close upon 800, and this number might easily bo increased by using more 
powerful moans of raising the temperature of tlio substance under oxamiiuition. 
Nevertheless, tho number already mapped suffices to show that, to account for tlm 
origin of all tlio more prominent rays in the solar spectrum, we must assume that tlio 
substances constituting the chief mass of the sun are without doubt the same bodies as 
exist on our planet (Angstrom). 

Discoveries in Solar Physics made hy means of the Spectroscope. — Since tho publica- 
tion of tho last volume of this Dictionary, discoveries have been made M’ith respect to 
tho sun, second only in importance to Kirchhoft’s original discovery ; and the sulyeet 
lias been so largely developed that it is impossible in the present article to do morn 
than refer to the most striking discoveries, leaving tho reader to obtain further 
information from works specially devoted to spectroscopic astronomy. About five 
years ago J. Norman Ijockyer {Proc. Hoy. Soc. Oct. 11, 1860) suggested that it miglit 
be possible by tlio use of tho spectroscope to obtain evidence of tho presence of tlio revl 
prominences which total eclipses have revealed to us in the solar atmosphere, although 
they ©scape all other means of observation on other occasions. After many fiaiitlcss 
attempts, Mr. Lockyor at last succeeded (Oct. 20, 1868) in seeing the |)TOminonces and 
in ascertaining the existence of three bright lines in tho following positions : I. Abso- 
lutely coincident with C. II. Nearly coincident with F. III. NoarD. Those bright 
lines were rendered visible under the ordinary condition of the sun by employing a 
powerful spectroscope giving very large dispersion. The almost continuous spectrum 
given out by the limb of tho sun was thus spread out until it became very feeble, 
whilst the luminous intensities of the monochromatic rays given out by the glowing 
gfU9 wore Ivat slightly diminished, and thus the light from tho prominences became 
ti«ible without being interfered with by that emanating from the body of the sun, 

J*nssen, who was sent by the French Government to Guntoor in India to observe 
tl^ total ecUpsoon August 18, 1868, saw and measured the^sitionof these bright 
lifiiO -on thal|4ayi and, struck by.their intensity, he likewise conceived the. idea that 
they might b© visible when tho sun was uneclipsod. On the next day he succeeded in 
hiaandeavour, * so that,’ he writes, ‘I have been working for the last seventeen days in 
a perpetual^eclipse.* The announcement of this separate discovery was received by 
tha hronch Academy on October 26, 1868, aT few days after Mr. Lockyer’s discovery 
tras made known to the Boyal Society, By employing a wide slit with an absorption- 
Acreen of^ruby glass, Huggins {Proc. Roy. Soc. xvii. 302) succeeded (Feb. 13, 1869) in 
viewing a solar prominence so ns to distinguish its form, and Mr. Lockyer finds that 
^ po absorptive medium is needed. Lockycr’s investigations have not only shown that 
Ibe red prominences are due to incandescent hydrogen, but that the whole body of tho 
i mn i jt -enVeloned in a glowing gaseous medium extending for 6000 miles in height, of 
the prominences are only local aggregations.* This envelope ho terms tho 
Chromosphere^ to distinguish it from the cool absorbing atmosphere on the one liaml 
and the light-giving photosphere on the other. Under proper instrumental and 
atmospileric conditions tlie spectrum of the chromosphere is always visible in every 
part of the sun’s periphery. The bright lino identical in posh'it^ wth IVaunhofor s 

« The existence of a coloured red atmospbere surrounding tlie sUn iS^pMura to^bave been first 
obeerved by Groech faring the total eol&^.of August 29, 18C7,..]«6ar a«aiw> {Aairon, JfaehrUhten^ 
Ko. 1737, Jon. 28, 18«!^ • ^ . j; 
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* F * was found invaHably to expand as the sun is approached, whilst the * C * and 

* JD’ linos do not expand. A similar widening of the bright F line was observed by 
Pliicker when the prossuro of the inciindcscent hydrogen is considerably increased. 
Frankland and Lockyer liave confirmed this observation, and they believe that wo 
liave thus a moans of ascertaining the tension of the various elevations of tlio 
solar chromosphere. Lockyer has also succeetlcd in detecting the thiixi (blue) line 
of hydrogen, viz, 2796 on KirclihotT s scale, in the light of the chromosphere, and 
hence, with the exception of the bright yellow lino (more refrangible by 8 or 0 
of KirchhofTs degrees than the lines ‘ B ’), the observed spectrum of the promi- 
nences and of the chromosphere corresponds exactly with the spectrum of hydrogen 
under diiFerent conditions of pressure. The nature of this yellow lino has not 3’et 
been ascertained, though Frankland and Lockyer conceive that it may possibly bo 
due to hydrogen, in a more intense state of ignition than lias yet been obtained. 

The spectroscopic examination of the solar spots by Lockyer has definitively sottlotl 
the long-disputed point concerning the nature of those singular phenomena. Accoivl- 
ing to M. Faye, a spot is dark because it is a hole in the photosphere, and tho 
fei^bly luminous, and therefore feebly radiating int<M*ior gases of tho sun are seen. 
Fnglish observers (Messrs. l)o la line, Stewart, and Loowy) infer tliat tho spot is 
dark because the solar liglit is absorbed by a cool non-luminous absorbing atmo- 
sphere pouring down on to the photosphere. If tho first theory is correct, tho spot- 
spectriim should indicate only bright linos ; if the second is true, tho spot -.spectrum 
must dilFcr from tho ordinary solar spectrum by cither a gonsral or partial diminution 
of iutonsity. Tho spectroscope shows that a suu-spot is a region of greater absorption, 
but that in the bright portions adjacent to the spot briglit linos are occasionally soon, 
showing tlio injection of intensely ignited pliotospheric gases into the chromosphere; 
indeed certain of these bright liydrogen lines can bo goiiorally seen in the solar 
sptjctrum itself. The.so facts appear to indicate that tho absorption producing 
Fraunhofer’s lines occurs eiUier in or cxtr<;mely near to tlio photosphere, and not in 
a remoter cooler atmosphere; indeed tho lrri<jkt lines of magnesium, sodium, iron, 
an<l barium aro not iinfre(juontly seen in the chromo.spluire, tho incandescent vapours 
of these mcbils being tlirowri up by convection currents into tlic liighor regions of the 
si>!ar atmosphere, liulood on one occasion I/)ckycr saw hundreds of tho Fraunhofer 
lines beautifully bright at tho base of a j>romiuenco. Tlie bright lines when thus 
seen appear as very short and very thin linos, generally much thinner than tho 
corresponding dark Fraunhofer’s lines. * 

‘ It does not follow that the largest promincnco.s aro those in wliich the intonsest 
action or tho most rapid change is going on, tho action ns visible to as being generally 
confined to the. regions just in or just above tho chromosphere ; the changes arising 
from violent upnish or rapid dissipation — the uprush and dissij)ation representing tho 
birth and death of a prominence’ (Lockyer). About O’* 46' on Marcli 14, 1809, 
Mr, Lockyer observed a fine dense prominence near tho sun’s oquabjr, on the eastern 
limb, with signs of intense action going on. At ll** 5' (he height of this prominence 
was 1' 6", or 270,000 miles. At 16' the whole of this prominence had disappeared 
without leaving a trace behind. The "bright lines of magnesium, sodiu^, bariuau 
and iron seen in tho chromosphere are thinner than tho usual I'rauiihofer’s lines, 
the dark lines of these mebils scon in the spots are thicker^ than tho corresponding 
Fraunhofer’s lines. TMs thickening of tho lino appears to indicate a downm^ .at 
those nlitcee, and a consequent diminution of pressure and temperaturoy^hich C^lfles 
a thickening of- the absorption lines. The variation in the selective absorption of 
sodium vapour under variation of tho thickness of the layer, and inci^^o of the 
tension of sodium vapour, can bo shown by licatlng some sodium in a" glass tube 
placed before tlie slit of tho spectroscope ; in the cooler parts of tho tube, where fha, 
vapour is present in small quantitie.s, the absorption is indicated by a harrow double 
line; where the sodium vapour is present in larger quantity, tho dark liner becomes 
broad, as is seen in tho spectrum of a spot. Tlio velocity with which the hydrogen is 
moving in tho cyclonic storms of tho photosphere, which cause the solar spots, can bf ' 
ascertained by the deviation which the F lino exhibits, sometimes towards tha jred^ 
showing motion on the sun’s surface of retrogression or downward action ; someS^ptnes 
towards the violet, showing motion of ajiproach or an upward action. If the iiotar 
limb be obserx’od, a motion of a cyclonic or latenil nature on tho sun’s surface will 
produce the same effect, Tho strange contortions which the F hydrogen Hnf under- 
goes at the centre of the sun’s disc are very remarkable ; not only does the lino 
appear bright, but the darl^ OSS is twisted in places, generally inclining towards the 
; and ofll^ when we have a bright lino on the violet side. Somor 

times the line sto^ slu^joilf one of the small, sun-sjpots ; swsl^ng out prior to 
disappeaxance ; intitibll itf a ifacula between two small spol^ changing into a 
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bright line,' and widened out on both eide-s two or three times in the very small spots • 
becoming bright near a spot, and expanding over it on both sides ; very many times 
.widened out near a spot, sometimes considerably, on the less refrangible side ; and 
finally extended as a bright line without any thickening over a small spot (Lockyer). 

Measuring the deviation of the line thus noticed, by means of Angstrom’s map, in 
ten-millionths of a millimetre, Lockyer has frequently noticed a deviation corro- 
sponding to a velocity of 20 miles per second. On one occasion the F lino was seen 
to be triple^ showing that the hydrogen on the sun’s surface under observation was 
-moving with very different velocities, the extreme alterations of wave-length corre- 
sponding to the enormous velocity of 120 miles per second — if the explanation thus 
given be in reality the correct one. 

The spectroscopic changes which are thus seen aro sometimes connected witli 
telescopic ones. Thus, on April 21, at 7.30 a.m., a tremendous action was observed 
in a prominence, for the lines C, D, and F wore magnificently bright in the orditmi v 
spectrum itself over the spot-spectrum. The injection into the chromosphere surpassed 
everything previously seen, as there was a magnesium cloud quite separated fr<jm tiu> 
limb, and high up in the prominence itself. The photographic picture of the solar 
disc, made at Kew on the same day at 10.55 a.m., showed that an area of great, 
disturbance surrounded the spot, and a subsequent photograph, at 4.1 p.m., showed 
the limb to be actually broken in l.hat particular place ; the photospliere seemed to 
have been actually torn away behind the spot, exactly when the spectroscope hud 
afforded to Lockyer evidence of a cyclone. 

F. Zollner {Pogg. Ann. cxxvii. p. 624) has also noted some very interesting fuels 
respecting the enormously rapid motion of the protuberances, and accompanying the 
paper are a series of drawings showing the changes which the red flames iiiitlergo. 

For the doscrixitlori of the phenomena observed in a total eclipse, especially on the 
nature of the corona, works on spectroscopic astronomy may be consuUcd. It inuy 
hero bo stated that the spectrum of the corona confiiins one bright green lino 
identical in refrangibility with an iron line marked 1474 on Kirclihoffs scale. 

Further Spectroscopic Researches on the Stars^ Ntbuhe, and Comets by W. Huggins.— 
Dr. Kuggins {Phil. Trans. 1868, p. 629), by employing a much more powerful 
train of prisms than he had previously used, endeavoured to ascertiiin w-hether any 
deviation in the position of tho nebular or stellar linos was visible, which deviation, 
if it existed, would, according to Doppler’s theory, indicate motion with respect to 
these bodies and the earth. The first object examined was the groat nebula in Orion ; 
the brightest line of the nitrogen spectrum (which can bo so reduced in luminosity 
as to leave only this lino visible) was found to bo coincident with tho nebular lino 
within the limits of observational ornjr, so that Huggins concludes that the nebula is 
not receding from tho earth with a velocity greater than 10 miles per second, aiul 
that it is not approaching the earth with a velocity groator than 25 miles per second. 
The position ot the F lino in the Sirius-spoctrnni was next carefully examined ; this 
was found to be broader than the corresponding hydrogen line, and also broader 
than the dark solar line F. The position of the Sirius F line is slightly less 
refrangible than tho hydrogen lino, and Huggins believes that this may be received 
as representing a motion of recession between Sirius and the eartli, amounting to 41 '4 
miles per second ; or, subtracting the earth’s proper motion, we have a motion of 
tepession of 29 '4 miles per second, wliich we appear entitled to attribute to Sirius. 

^ The spectrum of Comet II., 1868, has also been examined by Dr. Huggins ; this 
ll^jgisisted qf 3 bands, identical in position with the bands obtained by passing the 
gjpfcrk thronght olefiant gas, and hence it appears that incandescent carbon, either in 
or ^^ssibly in the combined state, exists in cometary matter. The spectrum 
/cbP also been examined by Huggins, who concludes that it 

A institution similar to those of 1868. 

— The spectrum of y Cassiopeise appears to be in some respects at 
that of T Coronae (v. 395). In addition to tho bright line near tlio 
boundary <iir the green and blue observed by Padre Secchi, there is a line of equal 
briiliahcy in. the red and dark absorption lines. Huggins has shown that the.‘-e 
bright lines are coincident with the linos C and F, showing the presence in this star 
of incandescent hydrogen. MM. Wolf and Rayet have also observed bright lines in 
several other small stars. Padre Secchi {Astro^iomische Naohrichten, Jan. 28, 1869) 
finds it |>ossihIe to class stara into four groups, each characterise by a special 
form of j^ectrom* ; Otpjip ,1 contains the white stars Sirius, <s-.LyraB, Vega, &c., 
whose spectrum is ch|»0l^rise4 by four black limes coincident w&h those of hydro- 
gen* 0]fd|il) 2 contsdnsrii&f stars, having specfiisi^terse^d by numerous fine 

lines i^ezabling those ofi^O^ sun; in this gi^P Capolls, 
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y Aquilae, and oiir Sun. The 3nl group contains the red and orange stars, a Orionis, 
tt Uerculis, /3 Pegosi, &c., the spectra of which are divided into 8 or 10 parallel 
columnar clusters of dark and bright bands increasing in intensity towards the red. 
Group 4 is made up of the small red stars, whoso spectra are distinguished by a 
succession of three bright zones, increasing in intensity towards the violet. Out of 
316 stars examined, Secchi found that 164 belonged to the first group, and 140 to 
the second, whilst the few remaining constituted the third and fourth classes. 

Spectra of the Aurora Borealis and of the Zodiacal Light . — Xngstrdni {Spectre 
normal du Soldi) and O. Struve have observc<l the spectrum of the aurora. This light 
is found to be monochromatic ; one brilliant band situated to the left of the green 
calcium lines only is seen. Angstrom found the wave-length of this ray to be 6667 
(ten millionths of a millimetre). The same observer also succootled in observing the 
same bright band in the spectniin of the zodiacal light, and during a star-light 
night, when the sky appeared almost phosphorescent, traces of this bami wore visible 
from all parts of the heavens. This bright baud does not coincide with the known 
rays of any simple or compound body yet examined, 

Bec nt General Literature the Snhjeet. — Roscoe’s Xccfwrcs 07 i Spectrum AnalgsiSf 
V'iih Lithographic Copies of the Maps of Kirchhoff, Angst ro))i, and Huggins (Mac- 
millan), 2nd edition, 1870, Schellon, Die Spectralana/gsc, Jlmunschwoig (Westor- 
mann), 1870; English translation, 1871. Secchi, Zc iSWc//, Paris, 1870. Proctor, 7 he 
Sun (Longmans), 1871. Delaunay, Analgsc spectrale, A7inuaire da Bureau dcs l.ongi- 
tndvs, 1869. R. P. A. Secchi, Sugli Speilri dd Corpi Celcsii, Memorio, Roma, 
1808 ; Spettri dclle Stelle fsse, Mem. I. and II. Angst rom, Jiecherckes sur le Spectre 
normal du Soldi, Upsala, 1808. A full list of memoirs on spectrum analysis is given 
at the end of Roscoo’s Lectures. H. E. R. 

SPHERITE. An hydrated aluminium phosphate occurring on hmmalito at 
Zajccon, north of St. Renigna, in isolated or botyronhilly groupo<l spherules of light 
grey colour, passing more or Ies.s into red and blue. Sj). gr. 2-63, Hartlnoss 4. Its 
analysis gave : 

P»0' Al’O* 31*0 Mi.-O CaO RiO* 

28*58 42-36 21 03 2-61 1-41 0*87 ■= 99-80 

leading (after deduction of the lime and magnesia as phosphates) h) the ft)rninlft 
6.\PO^. 2P“0-' -f IGlI-'O (Zepharovich, 1867, p. 1001). 

SPHEROSXEERXTE. This minor.il, occurring in the Anamesito district of the 
lower Mainthal, near Steinheim, mostly in B})herical or botyroidul masses, was found 
by Hornstein {Jahresb, 1867, p. 1006) to contain : 

FcO CaO MgO MaO CO* 

61-25 0-02 0-61 trace 38*12 = 100. 


STA7FEEXTE. A calcic phosphate mixed with carbonate, fluoride, &c., occur- 
ring as an incrustation on phos])liorite at Stjiffel, also in the Jura limestone at 
Erzberg near Ainberg (Stein, Jahnsb. 1866, p, 917 ; Petersen, ibid. 1867, p. 1002). 


'STARCH. Observations on the occurrence and behaviour of starch, or an 


amylaceous substance, in the lacteal vesst^ls of various Apocxjanaccee, have been made by 
Trecul {Compt. rend. Ixi. 156) ; on the, starch-granules in h'loridaccee and Corallinaceee 
by van Ti4ghem {ihid. 612). C. Darestc {ibid. Ixiii, 1142) found in egg-yolk a 
siderable number of microscopic granules, which were coloured by iodine, and wore * 

much like starch in form and structure. -■L.a 

Eliickiger {Zdtschr. anal. Chcni. v. 302) has determined the sp. gr. of starch ■ 

arrowroot and potatoes by means of petroleum. These results arc ; - 


Sp. gr. at 17°-18® 


Arrowroot. 

^ Dried 

Air-dried at 100^ 
1 6045 1-6C81 


rotatOMitafok. '■ 

^ 

Air-dried " ** 

1-6029 ; »fl330 


According to Paj'en {Compt. rend. Ixi. 512 ; Jahresh. 1866, p. 696), starch immersed 
in a saturated solution of p(jtassium bromide or iodide swells up to a pasty mass of 
25 to 30 times its original bulk, which dissolves in water, leaving a vei^ small quantity 
of membrane; iodine- water added to the solution thro-ws down iodide of starch in 
flocks. As cellulose is not attacked by bromide or iodide of potassium, Payen regards 
these salts as well adapted fur the detection of starch in v^ctahlo tissues. Iodide of 
starch, precipitat^ from its aqueous solution by potMsiuin chle|^ide, and then decolor- 
ised by a small qu^tity of appionia, loses in the an hour the powef of 

recovering its of a^tic acid ; wheOf^^iill^pitated by soditnb j^hloridq 
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it retains this power longer. On the decoloration of iodide of starch, see also Macmn 
Xiihens, BiUL Soc. Chim. [2] vi. 79 ; Jakresb, 1866, p. 664. ^ 

Conversion of Starch info Glucose and Dextrin. — It is generally supposed that in tho 
action of acids or of diastase upon starch, the starch is first converted into dextrin by 
a mere alteration of physical structure, and that tho dextrin is then converted into 
glucose by taking up tho elements of water, this second stage of the process occupyiiifr 
u much longer time than the first; but from the experiments of Musculus (Cowjn/ 
rend. L 786; liv. 194 ; Ann. Ch. Phys. [3] lx. 208) it appears that both dextrin and 
glucose are produced at tho very commencement of the reaction, and always in tho 
proportion of 1 mol. glucose to 2 mol. dextrin, whence it may bo inferred that the 
molecule of starch contains and that it is resolved into glucose and dextrin 

by taking up 1 mol. water : 

CisipaaQis + u^O ^ + 2C»H>«0> 

Starch. G lucosc. Dextrin. 

When the conversion is otfccted by a dilute acid, tho dextrin is, after sevoml lioura’ 
boiling, completely converted into glucose ; but when diastase is used as the convert] iifj 
agent, tho production of glucose goes on only so long as there is any unjilterod starch 
still present, the dextrin undergoing no further alteration. Those views have been 
contested by Payon {Comft. rend. liii. 1217; Atin. Ch. Phys. [4] iv. 28G ; Juhnnh. 
1861, p. 717 ; 1865, p. 697), who finds that diastase really possesses tho power of 
converting dextrin into sugar, but that tho conversion ceiises as soon as a certain 
quantity of sugar has been produced ; if however tho .sugar be removed as fast as it is 
formed, as in alcoholic fermentation, tlio transformation of the dextrin into sugir 
recommences, and goes on nearly to completion. Under favourable circumstances of 
the action of diastase on dextrin, a product may be obtiiined containing more than 
60 per cent, of sugar. Muscuhis, on the other hand {Atm. Ch. Phys. [4] vi. 177), 
adheres to his view of tho unalterability of pure dextrin by diastase, and endejivours 
to show that tho formation of sugar observed by Payen was duo to tho presence of 
amylaceous substance in tho dextrin submitted to experiment. According to O. Philipp 
{Bull. Soc. Chim. [2] viii. 363), dextrin and glucose are not formed in constant pro- 
portions in the action of dilute sulphuric acid upon starch, as a.ssorted by Miiseuins, 
but the proportion of glucose increases under otherwise ccjual circumstances with the 
quantity of acid employed. This however is quite in accordance with tho known fu t 
— not denied by Miisculus— that dextrin is grjidiudly converted into glucose by tlio 
action of dilute acids. 

STBiLaOX.ZG ACm, C*“IP202 (Overbcck, J. 2)r. Chem. xcvii. 1 59)._ProdiuTd 
by heating monobromoleic acid or oleic tlibromido to 100'^ with iib least 2 mol. pela.s- 
sium hydrate in alcoholic solution, and may lio separated from the dilute deciiiited 
solution by hydrochloric acid. It crystallises from alcohol in .silky nee<Ues or long 
prisms, melts at 48®, and distils at 260®, for tho most pjirt nndec] mi posed. Tin? .silts 
are mostly well crystallised and become strongly electric by friction. Tho barium 
is anhydrous; tho calcium salt contains (C*“iI^'0')‘''Ca -i- II'-O ; tho silver siilt, 

C'*H^*0®Ag, is a crystalline precipitate. 

Stearolic acid is not affected by nascent hydrogen. In contact with bromine it forni.s 
stcarolio dibromide (or dibromoleic acid), which when pure is a nearly 

colourless heavy oil, soluble in alcohol and other, but insoluble in water. Stearolic 
tetrabromide (or totrabromostearic acid), C'“H*2Br^O^ produced by the action of bromine 
in excess on stearolic acid in sunshine, crystallises in largo white lamince, wliich melt 
at about 70®, and soften even when rubbed. Both these bromine-compiounds are 
decomposed by prolonged heating with alcoholic potash, forming stearolic acid, and a 
liquid acid not yet examined. 

Stearolic acid fused with excess of potash at a ratlicr high temperature is converted 
into myristic acid, at a lower temperature, if the action bo arrested as soon 

as gas begins to escape, it yields an acid, isomeric or identical with hypogioic 

acid (Marasse, 2kitschr.f, Chem. [2] v. 671). 

SXB AB OB » j*rc ACZBy C*®II**0*, is formed, together with Ajildaic acid and 
azelaic aldehyde, by dropping fuming nitric acid into cook d stearolic and reniaiss 
in the residue left on treatiag th# semifluid mass with water. It cry^llises from 
alcohol in faintly yellowish oblique rhombic tables, slightly soluble in«colcl alcohol, 
eaaUy in hot alcohol and in ether, melting at 86®, and scarcely decomposing at 2o0®. 
It is monobasic and does^npt umte directly with bromine. Its silver salt, 
is precipitated oh mixin||;| ^J|^ji with silver nitrate in hot alcoholic solution, as a 
white CTystallin© powde»|jmBi does not decompose at 100®.' Tho barium salt. 
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(C**H**0*)*Ba, is a viscid precipitate becoming pulverulent in contact with ether 
(Overbock). 

8TSY8F1S3I^1>XXS. A silver ore occurring in the Empire District in the southern 
part of the State of Nevada, accompanying fino-grainod galena, and usually imbedded 
in quartz, more rarely accompanied by copper-silver glance and cupric antimonate. It 
is massive or in thick veins ; lias an uneven, sometimes conchoi’dal fracture ; 
hardness 3*6 to 4*6, sp. gr. 4*2, and a slate-bluck to blue-black colour. Its analysis 
gave ; 

Ag Cu S CiiO rbO FeO Sb’O* H^O -<VgCl 

575 778 1*30 16 05 15-94 170 45 08 10 29 238 = 100-33 

(Riotte a. Stetefeld, Juhresb. 18G7, p. 1003). 

SXXXtBfilfBi C**H*‘^, is formed by the notion of sodium-amalgam on the proiluct 
of the decomposition of deoxybenzoin by phosphorus pentachlorido. (See Bknzoin, 
p. 332.) 

STB'STCHlvni’fi. — This alkaloid occurs in small quantity, togethof 

-witlva largo quantity of brucine, in Ligniun eoliihriniim (Berlekoin, Zcitsckr.f. Chon. 
[2] ii. 443). 

The following method of estimating strychnine and brueinoin piison-nuts and other 
strychniferous drugs, founded on the solubility of tlio free bases and the ins<jlubility of 
their sulphates, in benzol, is given by Dragondorlf {Zi ifschr. f. Chon. [2] ii. 27). The 
pulv( rised nuts arc repeatedly boiled with very dilute sulphuric acid, and the extract, 
neutralised with magnesia and evaporated to a syrup, is lieatod to boiling, first with 
alcohol of 90 p. c. and thou with alcoliol of 50 p. c. 'fho alcoholic solution evaporated 
to one-fifth of its bulk and neutralised with dilute .sulphuric acid (free from nitric acid) 
yields to benzol a small quantity of fat, together with an odoriferous substance soluble 
ill pure and in acidulated water ; aiul if it bo tin n again neutralijscd with nuignesia, 
and agitated with benzol, tlio stryelniino (together with brucine) is dissolved, ami 
remains on evaporating the benzol. Poison-nuts thus treated yield on the average 2'3 
p. c. felrychnine containing bromino. 

130 pts. of the following liquids dissolve of crystallised strychnine : 

Alcoliol 

Itenzol. Amyl Alcoliol. Ether. of 115 j). c. 

Strychnine . . . 0-G07 0-55 0-08 0 936 pt. 

The recently precipitated base i.s more soluldo. 

To detect strycluiine in animal fluids (blood, extracts of tissues, urine, &c.), Cloelta 
{Zeitschr. anal. Chem. v. 265) pnripitati-s the liquid with basic lead acetate (after 
removing the albumin by boiling), and evaporates tho filtrate frctid fiMiu load to 
dryness. Tho residue, siipersaturateil with ammonia, is agitated after standing for 
24 hours with twice its volume of chlorofoi-iii, which when .separated from tho watery 
layer is left to evaporate. If stryclmiiio is present, there remains a bitter residue, 
wliicli, when dissolved in a small quantity of water confnining nitric acid, and mixed 
with two drops of potassium dicliroiiiate, gradually dtqxisits crystals of strychnine- 
chrumato, which immediately gives the characteristic deci> violet colour with sulphurio 
acid. By this method yt of a grain of stryelniino may bo detected with certainty in 
65d c. c. of urine. 

On tho detection of str^'chnino in beer, sec It. Wagner {Zeitschr. anal. Chem. vi, 
387 ; Jahresb. 1865, p. 738). 

On tho resistiinco of strychnine to putrefaction, see Ciloelta, ZeitscJir. anal. Chem^ 
V. 265; — Rieckler, Vierieljakrs. pr, Vhariii. xii. 189; Jahresb, 1808, p. 750. 

A boiling alcoholic solution of stryclmiiio and sinc-chluridc^ mixed with a little 
hydrochlonc acid and filtered, solidifies to a pulp of iridescent quadratic tables of tho 
salt 2(C**H’*PN*0*,HC1) . ZnCP. By spontaneous evaporation of tho alcoholic solu- 
tion, this salt is obtained in vitreous prisms containing 1 mol. water (Griifinghoff, 
Bull. Soc, [2] iv. 391). 

lodinB-^&mpounda of Strychnme . — Tho periodide, Ill . I*, discovered by 

Tildon (v. 411), separates on mixing strychnino nitrate with a solution of iodine in 
pitassiuia lo 4 ||ji^e, in rod-brown crj^staliino flocks, or from very dilute solutions in gold- 
jUiellow need|0S ; from alcohol it crystallises in long dark-brown needles with bluish 
metallic lustre. The crystals are dichroi'c in pohtrised. light, appearing deep brown 
when their longitudinal axis is parallel to tho piano of polarisation, light yellow when 
it is perpendicular thereto. They diMolvo in 14,000 pts. of water at 16°, are 
moderately soluble in hot alcohol, slightly in chloroform, nearly insoluble iu ether and 
carbon bisulphide. Aqueous ammonia separates from the compound, and 

potassium cyanide decolorises the alcoholic solution'll liquid after some time 
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depositing radiate groups of needles. The mercury-compound jjj jj 

is produced by agitating a hot alcoholic solution of the tri-iodide with mercury if i 
insoluble in water, very slightly soluble in hot alcohol, from which it crystallises 
light yellow shining tables. Similar crystallised double salts are obtained by heating 
the solution of strychnine tri-iodide with zinc and magnesium. Mtthyl-strvchm^ 
tri-iodide, crystallises from an alcoholic solution of 1 mol. methyl- 

strychnine hydriodide and 1 mol. iodine, in long brown-yellow needles, which in 
polarised light appear pale yellow or purple-red. Ethyl-strychnine 'tri-iodide 
C2'IP2N=^02.C2H*.P, crystallises from alcohol in long four-sided needles exhibiting 
similar appearances in polarised light. The same is true of the amyl-comnound 
From a solution of the latter in tincture of iodine, tlio 
pentiodide, . C*H>' . P, crystiillises in almost black needles exhibiting under 

the microscope by reflected light the liLstre of polished steel. In polarised light they 
appear opaque when their axis is paniUel to the plane of polarisation, dark purple- 
violet in the perpendicular position (Jorgensen, Ann. Ch. Phys. [41 xi. 115- Jahreah 
1867, p. 625). 

A compound of strychnine with hydrogen persulphide, H-S\ is obUined 

by mixing a cold-saturated solution of strychnine in strong alcohol with an alcoholic 
solution of ammonium sulphide containing free sulphur, and separates gradually in 
orange-red needles, which, after decantation of the mother-liquor, may be washed 
with cold alcohol. They are perfectly insoluble in water, alcohol, other, and carbon 
bisulpliide. Strong sulphuric acid decolorises them, and on adding a little water, 
hydrogen persulphide separates in oily drops, while the solution conUiris stryclinine 
sulphate (Hofmann, Dtutsch. chem. Gesellsch. Berlin. 1868, p. 81 ; Zeiischr. /. Chtm. 
[2] iv. 502). See also 11. How {Chem. News, xviii. 232). 

Methyl-strychnine \s much less poisonous than strychnine. The nitrate given 
in doses of O-Oo to 0-2 grm. does not act poisonously on dogs or rabbits when taken 
internally; by subcutaneous injection it produces symptoms of paralysis similar to 
those produced by curara (ScliroflP, Jahresb. 18G6, p. 474). The hydriodide of the 
same base produces, not tetanus, but paralysis, like curara, 20 grains administered 
subcutaneously killed a rabbit; 30 grains introduced into the stomach produced no 
effect. The sulphate was mucli more active, but did not cause death by subcutaneous 
injection in doses of less than a grain (Crum Brown and Fraser, Edinb. Phil. IhtJis. 
vol. XXV. ; Jahresb. 1868, p. 756). 

BTYPHSrXG iLGZl>. 8yn. with Oxypichic Acid (p. 892). 

STYRROXh Syu. with Cinnamene (p. 465). 

SITBERXC ikXiEBKYSS, C'^H'^0’, is formed, together with suberic acid and 
palmitoxylic acid, by the action of fuming nitric acid on paliuitolic acid (p. 895) : 

2C’‘‘n2»o* -t- -f. c«n“0’ 

PalmitoUc Palmitoxylic Suberic Sul^rio 

acid. acid. acid. acid. 

The suberic acid is extracted from the product bv boiling water; the re,si<liio is 
dissolved in hot alcohol ; and the lower dark-coloured oily layer which separates from 
the filtrate on cooling, and consists chiefly of suberic aldehyde, is separated from llio 
supernatant solution of palmitoxylic acid, gently warmed to expel the alcohol, tlieri 
distilled in a stream of aqueous vapour. The oil which floats on the watery distillate 
is dissolved in alcohol, and the solution is evaporated in a vacuum, v hereupon the 
suberic aldehyde remains as an oil having a faint odour. It boils with partial decom- 
position at 202°; l^ves a difficultly combustible cinder when quidtly heated on 
platinum foil ; and is converted by oxidising agents (bromine jatfd water) into a 
crystalline acid having the appearance and melting point of suberic acid (Schroder, 
Jahresb. 1866, p. 327). 

SITCGnfZC AGZ1>> C^H*0*. — This acid exhibits two modi ficatioDa,j corresponding 
to those of chloropropiouic and of lactic acid (p. 969) ; viz., 

CH* 

in 


HOOC COOH 

Ethylideno-dicarbonic or 
Isosuccinic acid 


COOH 

1 

CH* 


DH* 


COOH 

Ethylene-dicarbonlc or 
Ordinary Succinic add 
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the fonner corresponding to iS-chloroprbpionic and paraltictic acid, the latter to 
a-chloropropionic and ordinary lactic acid. 

Ordinary succinic acid is formed by heating plienaconic acid to 160® in a sealed 
tube with hydriodic acid of 50 p. c. ; slowly also by the action of dilute hydriodic acid 
or of sodium-amalgam : 2C*H*0* + H* = 

The ethylic ether of ordinary succinic acid is produced by the action of ethyl 
monochloracetate on the product of the action of scxlium on acetic ether (ethylic 
sodacetate, CH'^Na. or acetate of ethylene -sodium, NaC^H*. : 


COOC*H» 

COOC‘H" 

1 

j 

CH=C1 

CIP 

- NaCl -b 

1 

CH“Na 

CH* 

iooC^H^ 

j 

COOCHP 


(Noeldecke, Ann. Ch. Pharm. cxlix. 224). 

fsosuccinic or a~succin ic acid is propvretl from «-c]iloropr5pionic acid by 
distilling the ethylic ether of the latU^r with potassium cyanide, whereby it is con- 
verted into o-cyanopropionic ether, — CllCy— COOC-H*, and boiling this ether with 

pobash; 0-succinic or ordinary succinic acid is obtained in like manner from j8-chloro- 
propionic acid (H. Muller, Ann. Ch. Pharm. cxxxi. 108; — VViohelhaus, Zciti^chr. f. 
Chem. [2] iii. 247). Ordinary succinic acid is also xmxlnced by beating either ethylic 
chloride (v. 454) or ethylidono chloride with potassium cyanide to 1G0°_1 80'"’ ; and 
boiling the product with potash ; in the latter ease it is pr(d)ablo that the ethyl idene 
is converted into ethylene during tlio action of the potassium cyanide on tlie chloride 
(Maxwell Simpson, Com‘pt. rend. Ixv. 351 ; see also Miildhanser, Z* lischr. f. Cheni. I 'a 
311. 593 ; v, Ilicihtcr, ih{,d. iv. 4ol). Other modes of lormation ol ordinary succinic 
acid are : a. By oxidation of benzoic acid with dilute sulpimric acid and load dioxide, 
and ih the animal organism (Meissner a. Shepanl, dakre&h. 1806, p. 397). — h. J»y 
oxidation of paraffin with strong nitric acid (Gill a. Moiisel, p. 708). — c. By the action 
of powerful reducing agents, r.r/, saturated hydriodic acid at 150®-! 80°, or tin ami 
hydrochloric acid, on trichlorophcnomalic acid, C“11’C1'*0'‘ (|i. 917), this acid being 
first converted into phenomalic acid, 0“II'®0*, and tlie latter r(‘.solv(:d into succinic 
acid, and a body having the ccnnimsition of acetic aldehyde : -f 

0*H^O (Carius). 

Isosuccinic acid melts at 130°, and dissolves iri 5 4 pts. C)f cold water, whereas 
ordinary succinic acid melts at 170°-18()°, and rcfjuiros more than 2i) pts. of cold 
water to dissolve it ( Wicholhau.s), According to (.’arius {Jahrrah. 1800, p. 504), 
100 pts. of water dissolve 3*52 pt.s. of onlinary succinic acid at 15°; 5'19 pts. at 17^ ; 
0Ti5 pts. at 18°.* J.sosuccinic acid in the foi’m of sodium salt <loes not form a preci- 
pitate with ferric chloride (Wicliclhaus), wlicrcas succinic acid gives a red-browu 
precipitate (v. 455). 

Isosuccinic acid heatid to 150® (If)O.s not yield an anhydride, like the ordinary acid, 
but is completely rcsolv<!d into carbon dioxi<le and j>roj)ioiiic acid: C*11'‘0'' =* (X)'^ 
+ C’lI^O*. Heated with bromine and water, it i.s converted much more easily than 
ordinary succinic acid into a moaobroininatcd acid wliich, when treated with ammonia, 
appears to yield aspartic acid. 

hosuccinatea . — A solution of the acid ncutraliscKl with an alkali is not preci- 
pitated by barium or CJilcium ehloritle. The free acid forms with lead acelnte and 
silver nitrate, cilfdy precipitates which dissolve wlnm lioated. X'ho pota»f<iifm aatt 
forms a mass of needle-shaped crystals. The harinm .'^(df, the 

calHum salt, C^H*Ca -f- JHO, and the zinc salt, (PlVO*'/jn -f 3K'X1, produced by 
lioillng the acid with the respective carbonates, are ol»biined by evaporation us indis- 
tinctly crystalline mas8e.s, which gi\’’e oif their water with decomposition when heated 
the barium and calcium salts at 200°, the zinc salt at 115° (V. v. Jtichtor, 'ArMschr.f 
Chem. [2] iv. 452). 

A solution containing 5 p. c. succinic aci<l and 1 p. c. uranic succinate turns green 
when exposed to sunshine, and gradually givf*s off carbon dioxi<le, leaving propionic 
acid in solution (Soekamp, Ann. Ch. Pharm. cxxxiii. 253). 

Ai^ueous succinic acid slowly reduees potassmni peni^nganate at the boiling heat 
also m presence of sulphuric aci<l. Heated to with a solution of the |xjrman 

ganate cwmtaining a considerable quantity of potJish, it yields oxalic acid (Bertholot 
Bull. 8oc. Chim. [2] viii. 390). 

• The old determination by Lccanii a. .‘^rbat (v. 4-54) must be rcgard'xl as erroneous^ 

Bup. • 3 X 
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Succinic acid heated with hydriodic add is converted into butane : 

+ 12 m + 4H20 + 6P 

(Berthelot, Jahresb. 1867, p. 345). 

Isodibromosuccinic acid is formed, together with a small qu.antity of ordinary 
dibromosiiccinic acid, and other products, by heating phenaconic acid in sealed tub(‘s 
with excess of bromine and a small quantity of water (Carius, p. 905) : 

C«H«0» + Br« = + CO^ + CHBr» + HBr. 

Phenaconic Dibromo- Bromoform. 

acid. succinic acid. 

Thio succinic Acid. — The potassium salt of this acid, CBI^O’S-Ks, is 

obtained by the action of potassium snlphydrate on succiny 1-phenol (p. 1042), both 
dissolved in absolute alc(jhol. It crystjillisos in tufts of pointed noodles, dissolvi's 
very easily in we tor, with fall of tomperatiiro, easily also in alcohol and ether, fliji 
solutions, especially tlio aqueous solution, decompose by spontaneous evapiration in 
contact with the air, leav^ing gummy residues having an alliaceous odour. I’lio 
recently prepared solutions act on metallic salts, like the solutions of alkaline 
sulphides. They are quickly decomposed by acids, with evolution of hydrogen 
sulphide, an<l if concentrated, deposit thiosuccinic acid in oily drops which soon 
crysbillise (Wesolsky, Deut. chem. Ges, Ber. ii. 518 ; Zeitschr. f. Chem. [2] v. 61). 

Thiosuccinyl, is formed by decomposing an aqueous solution of 

potassium thiosuecinate with hydrochloric acid : 

C‘H'0*S‘1P + 21101 = 2KC1 + + C^n^O'^S. 

The product is agitate<l wltli ether, and the ethereal extract is separated, dried with 
calcium chloride, and distilled. There then remains an oily residue, which when h it 
over potash under the air-pump, solidifies to a broadly laminar crysUillino nia.‘<s, 
which remains moist for a long time. Thiosuccinyl dissolves easily in water, alcohol, 
and ether, has a strong acid reaction, a very sweet ttisto, with an after-taste liko 
that of succinic acid, and melts at 31*^. Its solution gives with lead acetate a yellow 
precipibito quickly turning t>rown, black when heated, and settling as a s}KK*ular 
deposit on the sides of the vcs.sel. From solution of cupric sulphate it immediately 
proci})itatcs copper sulphide. With silver nitrate it forms a white precipitate, w’liieii 
soon turns yellow and finally bhick; with ferric chloride a milky turbidity, vhieli 
increases to a white precipitate, turning gi*ey when heated, and black on addition ot 
ammonia (Weselsky). 

SVCCZ>rXMXX>Z3. C^II^NO* = NH.— The melting point of this 

compound has hitherto been given at 210® on the authority of Fohling and of Teuchrr! 
(v. 461). Erlcnmeyer {Zeitschr. f, Chtm. [2] v. 175) has, liowover, shown that it 
molts at 125® to 12G®, and this result has been confirmed by a eubsoquont obser- 
vation of Fehling. 

Succinimide is isomeric with cyano-propionic acid, the difference of constitution of 
the two being represented by Erlenmoyor as follows : 


CH" n^c cm 



NH 

Cynnopropionlo Saccinfmide. 

acid. 


The formation of succinimido from succinic anhydride and ammonia may then bo 
represented by the following equation : 

H*c cm 

I I 

OC CO + NH’ 

y 

Succinimide dissolves in acetone, and crystallises therefrom by slow evaporation in 
rhombic octohedrons, P, modified by the faces ^P, iP, OP, and JPoo . Boiled ^th 
a slight excess of silver oxide and water, it is converted into silver-succinimide# 
C^H^O*.NAg, which separates in crystals from the hot filtrate (Bunge, Ann. Ch. 
Pharm, Su^l. vii. 128). 


H^O 


H^C 

I 

+ OC 


CH* 

I 

CO 


NH 
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Jodosucciniinide, C^H^O’.NI, is formed by adding silver-succinimide in fine 
powder to a solution of iodine in alcohol or anhydrous ether, or better in pure and 
dry acetone, and crystallises from the filtered liquid by spontaneous evaporation in 
quadratic prisms, ooP, acuminated at one end by P, and at the other by P and 2P. 
Axes a : c ^ 1 : 0*8733. It decomposes and turns yellow at 100^^, and at 135® is 
converted into a brown liquid with sublimation of iodine. It dissoh^es very easily in 
acetone and in water, less easily in alcohol, still loss in other. Treated in aqueous 
solution with hydrogen sulphide, it yields hydriodic acid and succinimide. Boiled 
with silver oxide it yields silvor-succinimido and silver-iodide (doubtless also iodate). 
It is also converted into succinimide by the action of silver nitrite on its solution in 
acetone (Bunge). ^ 

SUCClWTTfc-PHlSKrOIi, C^H^O^(OC*H®)^, is produced by boating 4 pts. succinyl 
chloride and 5 pts. phenol to 100® in a fla.sk provided with a reversed condenser. 
The crystalline product dissolves easily in boiling absolute alcohol, and the filtered 
solution on cooling deposits it in nacreous laminae. It is insoluble in water, soluble 
in ether, carbon bisulphide, and benzol, melts at 118®, and distils without decom- 
position at 330®. Bromine acts violently upon it, producing tribromo succinyl - 
phenol, as a chalky crystalline powder, which dissolves only in a large quantity of 
boiling alcohol, and separates therefrom in soft white noodles ; it is decomposed by 
boiling alcoholic potash, yielding succinic acid and dibromoplienol. Succinyl-phonol 
is not attacked by acetyl chloride oven at 100® (Wosolsky, JDeut. ckcm. Ges. Ber. ii. 
618 ; Zeitschr. f. CJum. [2] vi. 60). 

SVOiUtS. 1. Cane-sugar or Saccharose. — W. Stein (J. pr. Ckem. cvii. 
444 ; Zeitschr, f. Chem. [2] vi. 286) has obtaine<i from madder-root 8 p. c. of crystallised 
cane-sugar, and is of opinion that tlio total quantity of this sugar in the root amounts 
to 14 to 15 p. c., but that part of it is iincrystalli sable (? inverto<l sugar). 

On the optical method of estimating sugar, see E. Mulder, Sohei/c. (Anders, iii. [2] 
169 ; Jnhrcsb. 1863, p. 709 ; — Tcirich, Zeitschr, anal. Chem. iii. 501 ; — H. Wild, ibid. 
226, 498 ; — Schoiblor, ibid. 609 ; — Gerlach, Bingl. pal. J. clxxii. 31, 286; — Scheibler, 
'Zeitschr. anal. Chem. v. 240 ; vi, 466 ; — Anders, JJingl. clxxix. 71 ; Bull. Soc. Chim. 
[2] vi. 429; — Landolt, Dingl. clxxxvii. 251 ; Zeitschr, anal. Chem. vii. 1. 

iDubrunfaut {Dingl. clxxxv. 231 ; Jakresb. 1867, p. 932) detorminos the quantity rjf 
crystallisablo sugar in beet-sugar and cjine-s\igar by means of the polariscopo, and the 
quantity of molasses by the alkalimetric value of the ash, tliis latter method boirig 
founded on the observation that molasses of similar origin yield by incineration 
residues containing nearly equal quantities of carbonates. A modification of this 
method adopted in sugar-works consists in incinerating the molasses with addition of 
sulphuric acid, and weighing the sulphates thus obtained. 

A table for the rapid approximate determination of the proportion of sugar in a 
solution from its specific gravity is given by E. Anthon {Dingl. clxxxix. 135 ; Jahresb, 
1868, p. 957). 


Sp. gr. 

rcrccntagc-rompeHitlon of Solution 
saturated at 17'6° 

Sugar 

Other Substances 

Water 

1*3300 

66-66 

0 

33*34 

1-3322 

64*85 

2*66 

, 32*49 

1*3384 

63*70 

5*29 

31*01 • 

1*3446 

62*65 

7*76 

29*68 

1*3509 

61*42 

10*13 

28*45 

1*3572 

60*28 

12*48 

27*24 

1*3636 

69*14 

14*67 

26*19 

1-3700 

58*00 

16*82 

25*18 

1-3764 

56*85 

18*87 

24*28 

1-3829 

55*70 

20*77 

26*53 

1*3894 

54*56 

22-69 

22-85 

1*3969 

63*42 

24*36 

22*22 

1*4025 

52*28 

25 98 

21*74 

1-4092 

51*14 

27*56 

21*30 

1-4059 

60*00 

29*00 

21-00 


8x2 
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On the estimation of sugar in wine, see Sttihlscliiiildt {Zcitschr. f. Chem, [21 iv 
720); on the doterminutiou of sugar and alcohol in liqueurs, Pohl {Bingl, pol. J 
clxxxiii. 153; Zeitschr. anal. Chem. ri. 270 ; Jahresb. 1867, p. 874). 

The crystallisation of sugar is very much hindered by the presence of certain salts 
especially of sodium chloride, and in a less degree of potassium chloride ; potassium 
nitrate appears to have no influence (Payen, Compt. rend, Ixv. 692 ; see also Chctn 
Soc, J. [2J vii. 124). 

According to Sostmann {Zeitschr. f. Chem. [2] ii. 254, 480 ; Jahresh. 1866, p, 666), 
cane-sugar is not permanently altered by heating to 100° with solution of caustic 
potish or soda, the liquid after neutralisation with acetic acid exhibiting the sauio 
optical rotatory power as a pure sugar-solution containing the same percenUige of 
sugar. The compounds of sugar with the alkalis are separated from the aqimous 
solution by alcohol or ether as oily masses. The sodium-compound may bo dried, but 
the p(jtassium-compound and the compound of sugar with pobissi uni carbonate renmiii 
viscid and transparent, even after prolonged drying at 100° in a stream of air free 
frf)m carbonic acid. The diminution of the optical power of sugar by the presence df 
alkalis or alkaline carbonates is not — as found for the alkaline eartlus l>v 
Eodonbouder {jahresb. 1865, p. 601)— proportumal to the quantity of the base; k 
appears to depend upxm the concentration of tlie sugar-solution. All these compounds 
are docoin posed by carbonic acid, the sugar completely recovering its rotatory power, 
which is not aifected by the alkaline biciirbonato protluced. 

According Ui Pelouzo {Co?npL rend. \\x. 1073; Jahresb, 1861, p. 572), a solution 
conpiiniug 6 to 12 pts. lime to 1 pt. sugar depo.sits on addition of alcohol a biba.de 
calcium sacrate, . 2r'a(), wliich i.s re.solvi‘d hy Injiliug into the iribasic sali 

. 3CaO and free sugar. See also Brown a, Loiscau Ix. 161 ; 

Jahresb. 1865, p. 600). A triplnmbic salt, C'"JJ“'0"Pb^, is precijiitatcd on adding 
potash or S(xia to a sugar-solution mixed with neutral lead acetate. It is insoluhln 
in cold water, very slightly soluble in lioiliiig water, very easily in sugar-wafer, the 
solution on standing depo.siting the whole of the lead in the form of the diplumbic 
compound (i!''H‘”0‘*Pb‘'^ (Hoivin a. Loiseau). 

Jacobstlial {Z^dtsehr. J. C hem. [2] v. 150) has determined the solubility of ci rtain 
sparingly soluble salts, namely carbonate, sulphate, oxalate, citrate, and basic plios- 
])hate of calcium, and carbonate of magnesium in sugar-solutions of various strengths: 
bo finds that all these salts, excepting the magnesium carbonat(*, are less soluldc 
in sugar-solutions than in pure water, the quantity of salt dissolved being less as 
the strength of the sugar-solution is greater. 

The solubility of several metallic oxides in solutions of calcium sucrato contain- 
ing free sugar has been dotorminod by Bodoubondcr {ZeUsehr. f. Chem. [2] ii. 121; 
Jahresb. 1805, p. 600). 

On the influence of sugar on the prc'cipitation of motalUc oxides by alkalis, sco 
Analysis, Inorganic (pp. 125, 126). 

The action of water and of various saline solutions on cane-sugar has been studied 
by Clason {J. pr. Chem. q\\\, 449; Zcitschr. f. Chem. [2J iv. 604), with tlie following 
rosulls; 1. Cane-sugar in dilute aqueous solution in glasses covered with paper i.s 
j;radually converteil into gluc<jse at ordinary temperatures, before the formation of 
jangi takes place on. the sa/face; but no alteration of the .sugar takes place when 
its dilute solution is boiled for sevoRil hours imniediatoly after preparation. — 
2. The formation of glucose is prevented by gypsum, by a mixture of gypsum and 
Hal-ammoiiiue, and by nitre; retarded by magnesium sul phato.-— 3. Wlieji a sugar- 
solution mixed with gj'psuiu, ]iotassium nitrate, or magnesium sulphate, after 
standing for several da^'s at 70° IC, is lieated for a few hours only, a cousidoj'ublo 
quantity of gluco.se is formed. — 4. When a sugar-.solution is mixed with gypsum 
and sal-ammoniac and heated, ammonia is given otf and tlio solution lurns acid. 
In pre.seiice of this saline mixture glucose is formed, even when the sugar-solution 
is recently prepared.- 5. In all other cases no acid reaction of the liquid wa.s 
observed, and the transformation mu.st be ascribed wholly to tlie action of the water. - 
6. Whether the j^roduct Idrmed was actually grape-sugar or some other kind of sugar 
which reduces potassio-cupric tartrate, was not determined. 

When chlorme is passed for some time into a solution of cane-sugar, there is formed, 
together with other uncrystalli sable products, a new acid free from chloriue, the barium 
Balt of which may bo obtained in the crystalline state by saturating the solution with 
baryta-water (after removing the hydrochloric acid by mercurous oxide) and adding 
alcohol in sufficient quantity to produce turbidity. 

With acetic anhydride cane-sugar yields the same product as glucose (p. 1044). 

On saline compounds of cane-sugar see Gill {Chem. Soc. J. [2] ix. 269). 
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2. Olncose* C®H*W. — According to Dubmnfaut rend. Ixviii. 546), this, 

or a similar sugar capable of reducing cupric oxide, exists to the amount of 0 2 to I *2 
p. c, hi most of the sugars, both raw and roiincd, prepared from beet. 

The specific rotatory power of dextroglucoso lias been determined by Iloppo-Seyler 
by means of a solution of sugar from urine, purified by repeated crystallisation. For 
the following spectral linos the specific rotjitory powers are : 

C D B 5 p 

42-46® &3-46® 67 9® 718® 81'3® (?) 

As the rotivtion found for the line D agrees with that found by lamp-light for the 
transition tint, the value of tlie rotation for this tint must bo taken, in all calcula- 
tions of the amount of glucose in solutions foundtxl on tlioir t>ptically rotaUiry power, 
as [®]j = 63-6®. The value 56^ found by Bertholot is inexact, inasmuch as all natural 
varieties of dextroglucose (except urine-sugar), and all artificial varietu's, contain 
either starch or fruit^-sugar, and the solubility of <loxtrin in absolute alcohol renders 
it impossible to separate this substance completely from glucose. 

Reichardt (ii. 966) by treating glucose in alkaline 8{>lution with cupric oxide 
obtainetl an acid which he designated as gunntnc acid, and represented by the formula 
Claus {Ami. Ck, Pha cm. cxIyu. 114; Jahresb. 1868, p. 760) has shown 
tliat this acid is ttirtaric acid, ^^v. 698). 

When glucose is boiled with a mixture of }»eiibvchloride and oxychloride of phos- 
phorus, and water, amorphous colourless flocks separate which gradually dissolve in 
the water: this seems to indicate the formation of an anhytlriJo or ehlorlmitod deriva- 
tive of glucose (Baeyer, ZciUchr. f. Chem. [2] v. 345. 

Kitroglucoee. — Glucose is not so easily nitrated as cellulose, requiring stronger acids 
and a lower temperature. To pn paro nitroglucoso, the pulverised sugar is stirred up 
to a thin pasto with 2 pts, fuming sulphuric acid, 2 [)ts. ordinary snl])liuric acid, and 
2 pts. nitric acid of sp. gr. 1-5. It then separates, after a wliile in pasty lumps, which 
must ho immediately removo<l from the liquid and fnanl from iicid by kneading them 
with water, to prevent doeomposil ion by (he further action ; or, lu'ttcr, tluj crndo mass 
may be dissolved in a mixture of alcohol and other, and the solution jxjured, with brisk 
and constant stirring, into cold waU'r. Nitroglucoso is a white, sl.ining body, wdntdi 
when immersed in water (the best w'ay of keeping it) gradually hardens, semetimes to 
an amorphous, sometimes to a granulo-crystaliino mass. Jt Mjtpoars to bu quite 
insoluble in water, but dissolves in a mixture of alcohol and (Ulu r as easily as sugar 
in water. It detonates but slightly and burns with a faint flame w hen si t on fire 
(Carey Lea, Bill. Am. J. [2] xlv. 381). 

Acctyl-glucose. — 1 pt. of glucose heated in an op(^n vessel with 21 pis, acc:tlc 
anhydride to the boiling point of tht! latter is rapidlyaltucked, yielding(liacetyl- 
gl uco BO, C'’H’®(C^IP() j'O**, which when purified is a solid colourless ho<ly easily 
soluble in water, alcohol, c( her, and acetic acid, having a very bitter taste, and melting 
below 100®. Heated bj 140® with abotit twice its weiglit of ueetio anhydride, it is 
converted into tri acetyl -gl uc(jse, C“H"(C*11'H) )*()*, which is also soliii, sparingly 
soluble in pure W'ater, but ea.sily soluble in water containing acetic acid, also in 
ulcohid and ether. Lastly, wlu'u this eomponnd is heated to 160® for four hours 
with a large excess of acetic anhydriilo, a saturated eoiiqioutid is formed similar to 
the preceding, but insoluble in w-ult r containing acet ic acid. On pouring llie liquid into 
water a viscid precipitate is formed, which is obtained jmre by washing with 
water, solution in alcohol, treatment with animal charcoal, atid evaporation of the 
filtered solution. Its analysis leads to t.lie formula of octacetyl -saccii arose, 
C'*H“(C*1P0)*0*' ; perhaps however it may con.sist of tetracoty 1-glucoso, 

cm\cm^oyo\ 

Cane-sugar and milk-sugar licatcd with acetic aniijdrido also yfcld Baturatod 
derivatives apparently identical with that obtained from glucose (Schiitzenbergor, 
Compt. rend. Ixviii. 264; Zniachr. j\ Vhem. (2] v. 264), 

A mixture of tri acetyl-glucose and sodium-saligenin, heated witli lienzol to the 
boiling point of the latter, yii lds acetyl-saliroti n, C'*II ‘’((J^I1''0;0*, together 
with Bfxlium glucato or a similar salt, sodium aeebite, and lastly a small quantity 
of a product which is precipitated hy lead acetate, and when boiled with dilute 
sulphuric acid is resolved into sugar and saliretin. Similar results are obtained 
with diacetyl -glucose, larger quantities of acetyl-sal i retin are proiluced by heating 
the learl-com pound of saligenin with acetyl-glucose (.Schutzenberger, Compt. rcn<af. Ixjx. 
350 ; Zeitsekr. J. Chem. [2] v. 632). 

An aqueous solution of acotyl-saccyiaroso heated with the leml-compound of 
thomnetin yields a glucoside which is precipitated by the lead acetate formed at the 
aame time, and may be obtained in tlie free state by decomposing the yellow 
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precipitate with hydrogen sulphide. By boiling with dilute acids it is resolved into 
rhamnetin and glucose (Schiitzenberger). 

3 . Ibaevulose. Inverted Sug-ar. This kind of sugar exists, together with 

saccharose, in the sugar-cane, especially in the upper parts of the stem which are still 
enveloped by the green leaves, and thereby protected from light ; in those it some- 
times amounts to f of the quantity of saccharose. As the leaves dry up, and the 
upper part of the stem becomes exposed to light, the uncrystallisable sugar gradually 
becomes converted into crystallisable saccharose ; in the lower part of the stem tho 
proportion of uncrystallisable to crystallisable sugar does not exceed to It is 
probable therefore that the crystallisable sugar of the cane is only a secondary product 
formed by the action of light on the fruit-sugar originally existing in tho stem (Iceiy, 
Ann. Ch. l^kys. [4] v. 350; Jahresb. 1865, p. 819). 

Gragor {N. Jahrb. Vharm. xxix. 294) has made a series of experiments on the rate 
of conversion of cane-sugar into. grape-sugar (more correctly inverted sugar) by dilute 
tiirtaric acid in presence of alcohol. In solutions containing from 6‘8 to 10 pts. of 
tartaric acid per thousand, the transformation takes place very slowly at ordinary, 
more quickly at higher temperatures, e.g. at 45°. In an alcoholic mixture of 10 pts. 
alcohol, 10 pts. cane-sugar, 1 pt. tartaric acid, and 79 pts. water, 93 p. c. of the 
sugar was transformed into inverted sugar in 14 weeks (at about 18°). In wine tlio 
transformation takes place much more quickly ; nevortholess wine lo.sos the power of 
rapidly converting cane-sugar into inverted sugar when heatwl to 60°-70°. 

On the nature of inverted sugar, see Maumeno a. Dubrunfaut {Conipt. rend. Ixix. 
1008, 1161, 1242, 1366; ZeiUchr.f. Chem. [2] vi. 119). 

4. Oalactose. Pasteur, by treating milk-sugar with dilute acids, obtained a 
sugar thus designated, having tho composition C®1I>^0® (iii. 1023). According to 
Fadakowski {Zeit&chr. f. Chem. [2] iii. 32 ; Btdl. Soc. Chim. [2] vi. 238), milk-sugar 
boiled with very dilute sulphuric acid yields two kinds of sugar, one of which, a, 
crystallises from the syrup freed from the acid and from lime, on addition of alcohol, 
while the other, 5, separates after some time from the mother-liquor. The sugar a 
forms, after recrystallisation, small rectangular prisms with two end-faces ; the sugar 
b crystallises in tho six-sided tables observed by Pasteur. Both are fermentable, 
dextrogyrate, moderately soluble in water, but differ by their solubility in alcohol, 
the tabular sugar b being much tho more soluble of the two ; it appears also to hare 
a sweofer taste and to be more easily fermentable. The specific rotatory powers of 
the solutions after warming or long standing aro as follows : 

ODE 

For the sugar a , . 73-66° 92 83° 112-02° 

For the sugar b . . 50*37® 62-83° 83-03° 

Both these sugars, like grape-sugar or milk-sugar, exhibit, immediately after solu- 
tion in cold water, a greater rotatory power than after standing or warming. 

6. Pectin -sue; ar or Peotinose. — Sec Pkctous Subst.\ncks 

(p. 903). 

6. Sugrar from Carmlnio Acid. This sugar, obtained, together with 

carmine-red, by boiling carminic acid with dilute sulphuric acid (p. 414), has the 
composition when dried at 60°, at 100° It is a honey-yellow, amor- 

phous, hygroscopic mass, having a faint odour of caramel and a bitterish taste ; 
dissolves very slightly in alcohol ; easily reduces cupric oxide in alkaline solution; 
exhibits, even in very small quantity, Pettonkofer’s bile reaction ; is unfermentablo 
and optically inactive (Hlasiwetz a. Grabowski), 

7. Sliamnegrln-siigrara A kind of sugar isomeric with raannite, 
obtained, together with rhamnetin, by boiling rhamiiegin with dilute sulphuric acid: 

C242ja2QH ^ 3H20 . + 2C®H»^0«. 

It is uncrystallisable and very sweet, dries up in a vacuum to a soft, amorphous, very 
hygroscopic, deliquescent mass, turns brown at 100°, and gives off 1 mol. water, 
leaving a residue which has the composition G®I1‘®0*. It is- dextrogyrate : [a] about 
= 26° (Schutzenberger, Cvmpt. rend. Ixvii. 176). 

8. l>am1>oiiite and ]>ainbOBC. Dambonite, is a crystallisable sugar 

existing ready-formed in Gaboon caoutchouc ; and dambose, or is 

formed from it, together with methyl iodide, by tho action of hydriodic acid (p. 541). 

SlJClAJB-OAPrs. Elaborate investigations on the sugar-cane, tlie extraction of 
the juice from it, the composition of the juice, and the changes to which it is liable, 
have ^en made by leery {Ann. Ch. Phys. [4] v. 360 ; abstr. Jahresb. 1865, p. 818). 



SULPHAOETIC^SULPHAMMONIC ACIDS. 


1047 


( ^ 0*011 

bu&fbacibtxo aczb, CIPj^QQj^ , is formed, as potassium salt, by boiling 

monochloracetic acid with a solutiou of potassium sulphate (Strocker, ZciUcht, f. Ckem^ 
[2] iv. 214): 

CH’Cl.COOK + KSO’K =. KCl + 

StrXiFBAiCSXOBrB, C*II®S, or rather the polymeric compound C*H**S®, is 
formed by the action of 1 mol. phosphorus trisulphido on 6 mol. acetone, the action 
beginning at ordinary temperatures, and being completed at the heat of the water-bath. 
The upper layer of liquid thereby protluced yields sulphacetone by fractional distilla- 
tion, as a yellowish oil boiling between 183^ and 185*^ (eorr.), and having a vapour- 
density = 6*0787 (calculation for gives 6*1 14). It irritates the skin, and 

its vapour attacks the eyes very strongly (Wisliccmis, Zeitsohr. f. Chem. [2] v. 324). 

SVBPHAMMOWZC ACXBS (Claus a. Koch, Zeitschr. y. Chcm. [2] v. 684).— 
The potassium salts of these acids sulpha acids (v. 482) — are produced 

by the mutual action of nitrite and sulphite «)f potassium. When neutral solutions 
of these two salts are mixed together, the mixture becomes turbid after a while, and 
deposits slender needle-shaped crj'stals, the liquid at the same time acijuiring an 
alkaline reaction. The cr 3 'st;ils sometimes consist of a single salt, sometimes of a 
mixture of several, according to the proportions of the sulphate and nitrite added and 
the concentration of the solution. When the sulphite is in considerablo excess, only 
one salt is formed, viz. potassium totrasulpliammonato, K*IJNS‘0*'* + 3H.'*0 ; 

4K"S0* + KNO" + 3IPO -- 5KIIO + KMIN.SH)'^ 

This salt crystallises in needles. It is very unstable, cannot bo kept long even in the 
dry state, and decomposes in a few minutes when washe<l on a hlter with water, the 
water nexjuiring an acid reaction. Under an alkaline solution it is more permanent, 
but even then it decomposes quickly when h(site<l oven to t(nuperatiires short- of the 
boiling point. By addition of acids the decoin po.s it ion is still furilua’ uceelerakai ; but 
complek decomposition, resulting in the fi>rmation, not of anotln r sulphazotised acid, 
but of sulphuric acid, takes place only after ])rolonged boiling witli dilut e acids, or after 
beating with a concentrated acid. In neither of these cases is any oxid»' of nitrogen 
reproduced, but the whole of t]\^^ nitrogen jiasses into the form of ammonia. The 
hydrated salt, when quickly lieated, sutlers coin|ileto deconqinsit ion, leaving jiotassium 
sulpliato; the anhydrous .salt heated alwivo gives r>lT ammonium sulphate, 

nitrogen, and sulphurous oxide; by dry distillation with soda-lime all the nitrogen is 
eliminated as ammonia. 

In the cases above mentioned of spontaneous <leeomposition of tb« dried substance, 
decomposition by prolonged contact with water, or l>y Ixiiling W'ith dilnto potash, 
1 mol. of the tetra.sulphaiuinonato is always resolved into 1 mol. of acid potassium 
sulphate, and 1 mol. of potassium tri su 1 }>bamtuoniito, KUI'NIS^O'* (Fremy’s 
sulphamraonato). In the decomposition by water the reaction is 

K^UNSH)'2 + H‘0 = KUSO* + Kni'-NS^O"; 
in boiling with potash, neutral potaHsium sulphate is of course obtained instead of 
the acid sulphate. The best way of preparing this salt is to mix 3 oq. of potassium 
sulphite with 1 eq. of the nitrite, and after about an hour, wlien the tet rasulpbatnmo- 
n ate has separated, and the alkaline react ion has b(*conn' si roiig, to warm the mixture 
in the water-bath. The whole of the crystals tlum generally flissolve ; if nf)t, a little 
water must be added till a clear solution is formed, and fnjin tliis the trisul jtbammo- 
natx) separates in fine crystals on e<x>ling. Pure p«»tassium trisulpharninonate, when 
<Ieconi posed at a high temperature, yields (contrary to Frbny’s statement) not a trace 
of any oxide of nitrogen, the produet.s <»f its diMmiiiposition being potfij-ssinm sulphate, 
Sulphuric acid, ammonium sulpliato, and sulphurous acid. 8trong sulphuric acid and 
nitric acid act on it but. slowly in the cold, aii<l when lieato<l dissolve it without 
ei'olution of gas, forming the sul]>li:ites of potassium and ammonium. A solution of 
the trisulphammonate in water at 30^-10'*' forms with basic hiad aeijkite a thick 
w hite precipitate, which, however, is not of constant composition. Itd«jcH not appear 
to form an insoluble 8a.lt by double decornpositifui with any other metallic siilt. 

The trisulphammonate boiled with pure, or, Ijettxo’, with slightly acidulated water, 
splits up into sicid sulphate and disul phanirnon ate of potassium : 

K>H'^NS»0» + lUO KllSO* + K'l IAN’S 
This last salt, identical with Fr/uny’s sulphamidatc, su])arafes on caxiling from a 
hot aqueous solution in very chamcteristic forms ; a <lrop of the hot solution loft to 
cool under the microscope exhibits at first regular six-siderl tables, changing after- 
wards to six-sided prisms liaving the chanteter of augito crysUils. They are anhydrous. 
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and may be heated fx) 150° without alteration. It is scarcely attacked by t 
sulphuric acid in the cold, but dissolves in it when heated, and is converted 
sulphates of potassium and ammonium. It is very sparingly soluble in cold w r > 
and instantly crystallises from a hot aqueous solution on the addition of a few 
of potash. Prom concentrated, hot-saturatod solutions, neutral lead acetate 
down a white precipitate ; basic load acehito also from very dilute solutions 

The other sulphazotised salts, designated by Fr^my as sidphazates, sulphazotate^ 
&c., have not been obtained pure, but they appear to differ essentially in coustitution 
from the sulphammonates, inasmuch as when boiled with water, or heated in the ai 
or with sulphuric or nitric acid, they give off nitrogen dioxide, and when heated with 
Roda-linie, give off only part of their nitrogen as ammonia, or in most cases do not 
yield any ammonia. 

See further Claus {Deut. chem. Ges. Ber. iv. 18G, 504 ; Chcm. Soc. J. [2] ix. 307, 659). 


SI]rX.PSOBZ:irZESrZ3 or 8I7X.PBOBBWZZBE. See Brnzenk. Derivatites of 
(p. 276). 

C^n^NSq^ = NH2(SO^C«IP)._This compound, 
wnicli btenhouse obtained by heating ammonium phenylsulphito to 200° (v 489) is 
also produced by the action of ammonia on sulphobonzol-bromido or phenyLsulphurous 
bromide, C«H\SO-^Br. It is nearly insoluble in cold water, more soluble in hot 
ammoniacal water, easily soluble in hot alcohol and in ether, and crystallises in l-mro 
nacreous laminae melting at 149° (Otto a. Ostrop, Ajin. Ch. Bharnu cxli, 365 ; Jakrt^h, 
1866, p. 570). 


ikCZB. See Benzene, Derivatives op (p, 273). 

8VXPHOCAXBAMZC AXiXO. CIPNS’^ = ' (Muiaer a. Wefrn 

Bcttinck .7. pr. Chcm. ciii. 178; T^ciUchr. f. Chem. [21 iv. 376).— In the onllnary 
mode_ of preparing ammonium sulphocarbamatc (v. 490). the sulphocarbonate is 
likewise formed more or les.s abundantly at the beginning of the reaction ; but if the 
ammonia-gas from^ 150 pts. of sal-ammoniac bo paN.sod into 600 pts. of alcohol of 
95 p. c., 96 pts, of bi.sulphido then added, and the solution loft to crystallise, the 
crystals deposited consist wholly of sulphocarbamate. On gradually adding hydro- 
chloric acid to a concontrahyl solution of ammonium sulphocarbamate, siilphocarhainic 
acid is sometimes deposited in colourless noedlc-shapod crystals, especially if the 
solution be slightly cooled. 

Sulpliocarbamic acid is solid at ordinary teinporatures, very soluble in water, 
alcohol, and other ; the solutions liavo an acid reaction. The acid is rather unstal>le; 
its alcoholic solution gradually deposits crystals of ammonium sulphocarbamate, and 
on heating it, carbon bisulphide is given off, and ammonium sulphocarbatnuLo 
(insoluble in alcohol) is immediately formed : 


2CS 


on evapo- 


[NH2 _ 

The same decomposition takes place when the aqueous solution is heated * 
rating it, a large quantity of ammonium sulphocyanate is formed ; 

On Sulphocarhamaie of Acetonhte, see Acktonine (p. 29). 

Action of Iodine on Sulphocarhamatcs . — When a strong alcoholic solution of iodine 
IS poured into an alcoholic solution of ammonium sulphocarbamate, the colour of the 
iodine disappears, sulphur is deposited, and ethyl-siilphocarbimide is formed, together 
with ethylamino : ® 


CS 


2C2H'‘OH 

Alcohol. 


+ II 


(CS 

Ethyl-Bulpho- Ethylamino. 


N 




+ 2mO + 2HI 


(NH* 

JSNH* 

Ammonium 

sulphocarbamate. carbimide. 

(Hofmann, Zeitschr. f. Chem. [2] v. 671). 

AcUon of Aldehydes. When an alcoholic or aqueous solution of acetic aldehyde is 
nutated ^fh ammonium sulphocarbamate, carbothialdi n o is produced, which, 
therefore, has the composition of diethylidenantTnonium sulphocarbamate'. 


2C“H<0 - 
Aldeh3'de. 


CS 


NH» 
S(NH^) 
Ammoninm- 
snlphocar- 
bamate. 


g(NH^ 
^}SN(C2H<)2 


CSJ 

Carbothialdine. 


2H*0. 
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In the decomposition of carbotbialdine, aldehyde is always reproduced. The homo- 
logous compound, diamylidenamnwnium sulphocarhamatey is obtained 

by agitating ammonium sulphocarbamato with valoral in alcoholic solution, and 
pouring the filtered liquid into water, as a colourless flocculent precipitate, which 
after washing with water, pressing between paptw, and d^ing in a vacuum, forms a 
shining crystalline mass. He;ited with ferric chloride it gives the sulphocyanogeii 

reaction. DiaUylidenammoninm obtained by agita- 

ting acrolein with ammonium sulphocarluvmate in aqueous solution in a cooled vessel, 
is colourless, apparently amorphous, insoluble in water and alcohol; gives the sulpho- 
cyanogen reaction when heated with ferric chloride (Mulder a. Bettinck). 

Ethyl sulpkocarbamate, formed by the action of hydrogen sulphide on 

ctliyl sulphocyanato. It is converted by the fixed alkalis into ethyl sulphide and 
metallic sulphocyanate; by ammonia into ethyl sulphide and sulphocjvrbamide, isomeric 
with ammonium sulphocyanate. A mixture of ethyl sulphocarbamato and ethyl 
iodide solidifies to a crystalline mass, apparently consisting of a compound of the two 
in equivalent proportions. The iodides of irn'thyl and amyl, as well as the bromides 
of the same radicles, react in the same manner with the sulphocarbamates of ethyl 
and it.s homologues (Jeanjean, Jahresb. 1866, p. 601). 

Etkyl-sulphocarbamic Acid, ^ alcoholic 

solution of ethylamino mixed with carbon bisulphide bcconios hot, loses its alkalijio 
reaction, and, if sufficiently concentrated, deposits six-sided tables of ethylsulplio- 
carbamate of ethyl-ammonium ; 

2N(C2H‘)1P + CS^ 

'Phis salt molts at 103*^, and partly sublimes without decomposition when gently 
lieatcd. It is soluble in water and easily soluble in alcohol. With caustic soda it 
gives off ethylamino, and is converted into sodium ethylHiilpliociirl)ama<o, which, on 
addition of liydrochloric acid, yi(dds »;thylsulphocarbaniic acid in oily drops floating 
on the surface, and solidifying alter a wlillo to fatly crystals. On adding more 
liydrochloric acid, the oily drops dis.solve, with evolution of c.irbon bisulphide, and 
nothing but ethylamino hyilrochloride remains in solution. Klhyl-animonium othyl- 
sulphocarbamate is decompisod when hoateil to 100^, and more easily when its 
alcoholic solution is heato<l under pressure b> 110°- 120'^, giving off hydrogen sulphide, 
and leaving diethylsulphocarbimide, in the form of an oily liquid, which soon 
solidifies to crystals ; 

^JNlKCnP) _ jpg . C8 

^^JSNH>(C'1P) - I • 

Ethylsulphocarbamic acid in the free st^lto resolves itself into its components, 
ethylamino and carbon bisulpiiido; but its metallic salts, especially in presence of 
excess of another metallic salt (e g. silver nitrate or mercuric chloriile), are easily 
resolved into ethylniulphocarbaraide and a metallic sulphydrate (p. 1050) : 


^"^^SN(C»IP)1P 


The corresponding and UTny^-compounds are obtained by similar processes, 

and exhibit similar reactions (Hofmann, Zeitsehr, f. Cham. [2J iv. 686; Jahresb, 
1868, p. 663). 

Sthylic Ethyl-oxysulphocarhamate, Etkyl-xanthamide, or Semi- 
fulphuretted Ethyl-urethane, produced by direct com- 

bination of ethyl-sulphocarbimide, N(CS}(C®IH), and ethyl -alcohol, IIO(C*H*), when 
the two are heated together to 110° in' a sealed tube for several hours, and is pre- 
cipitated on mixing the resulting liquid with wjiter, as an oil having a somewhat 
unpleasant alliaceous oflour, and boiling, after purificfition, at 204°-208°. Under the 
influence of water, and especially in presence of acids or alkrilis, it is resolved into 
alcohol, carbon dioxide, hydrogen sulphide, and ethylamine. With strong sulphuric 
acid, carbon oiysulphide is formed instead of carbon dioxide and hydrogen sulphide. 
The above-d^ribed compound is likewise produced by the action of alcoholic srxla- 
solution oii'^khyl-sulphocarbimido ; but the coiTesponding sodium salt is always 
produce<l at the same time by the action of tlie sodium liydrate, and ultimately part 
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of the ethylsulphocarbimide is completely decomposed, with formation of sodium 
carbonate, sodium sulphide, and ethylamine. 

A compound isomeric with the preceding, and differing from it only in the relative 
position of the sulphur and oxygon atoms, is produced by heating ethylic mercaptan 

with ethyl cyanate to 120®. This body, CO j sc--;h® ’ heavier than water, has 

the same odour as the preceding, and likewise boils at 204°-208®. By the action of 
water, especially in presence of acids or alkalis, it is resolved into mercaptan, carbtjn 
dioxide, and ethylamine. 

Ethylie Etkylsulphocarhamate^ Eiethyl-xanthamide^ or Sulphur- 
etted Ethyl -urethane^ j produced by digesting mercaptan with 

ethyl-sulphocarbimide to 120® for several hours. It 'is heavier than water, and doijs 
not exhibit the odour of either of its constituents. It is decomposed by distilluticm 
(Ilofmann, Zeitschr, f. Chem, [2] v. 268). 

Ethylic Ally I -oxysu Ip hocar hamate, CS | obtained by digesting 

an alcoholic solution of mustard-oil for some hours to a temperature a little above the 
boiling point of water, and precipitating with water, is an oil having an alliaceous odour, 
somewhat heavier than water, and boiling at 210®-215®. It is the same eomponiui 
that Will a. Korn er obbii nod (v. 518) by treating mustard-oil with alcoholic pot.isli, 
and to which they assigned the formula (Hofmann). 

Ethylic 'Phenyloxy sulpha carbamate, CSj produced in like 

manner by heating phenylsulphocarbimide with alcohol to 110®-llo®. The rosultiiiLt 
solution jKMirod into water solidifies to a crystalline mass, which may bo piirifnid hy 
washing with water and reerystallisatiori from alcohol. It is resolvetl by distillation 
into its constituents. The same compound may be obtained, though less easily, from 
diphenylsulphocarbamide, which is tlio starting point for the j)reparatiQU of pliernl- 
eulphocarbimide (p. 1056). 

Ethylic Phenylsulp hocarhamate or Sulphuretted Phenyl-icrethu ni\ 
CgjNH^O^H^)^ is pnxluced by the combination of m<‘rc.aptan with jdienyl-sulphocai’- 

bimide. It is a finely crystallised compound, insoluble in water, s'oluble in aleoliol and 
other, melting at 56® (Ilofmann). 


SraPBOCARBAnflBSS (Hofmann, Zeitschr. /. Chem. [2] iv. 201,686; vi. 

rc8 


157). — Ethyl-sulpha carbamide, N'* 


CH1^ is formed by direct addition of 
W 


ammonia in alcoholic solution to ethyl-sulphocarbimide, N(CS)(C2IP) (p. 1055), and 
solidifies to a crystalline mass which by recrystallisation from hot water is convcrteil 
into beautiful needles. It melts at 100®, is moderately soluble in water and untra 
easily in alcohol, dissolves also in hydrochloric acid, and forms a yellow prccipit;it«* 
with platinic chloride. It is easily desulphurised, either in aqueous or in alcoholic 
solution, by load oxide or mercuric oxide ; and on evaporating the resulting solntiim 
over the water-bath, there remains a syrupy liquid which solidifies after some time to a 
network of crystals having a strong alkaline reaction. It is probable, however, that 
an intermediate product is first formed, as the liquid, especially if diluted, docs not 
exhibit alkaline reiudion immediately after desulphuration. The white crystals, 
although very soluble, must be recrystallised either from water or from alcohol. Their 
solution in the smallest possible quantity of hydrochloric acid gives with platinic 
chloride a crystalline platinum salt consisting of C’H*(C^H^)3N*.2IJCl.PtCP- Prob- 
ably the first product of the desulphuration is ethylcyanamide : N’*(C.S)H'^(CHI*) — 
— N(CN)(C*H*)H ; and three molecules of this compound then unite to form the 
biacid base : 3N(CN)(C®H*)H = C*H®(C^H^)*N®, which may bo regarded as melamine, 
having 3 at. hydrogen replaced by ethyl (p. 808). 


Piethyl-sulphocarhamide, N*(CS)"(C-II*)Hr', is produced by addition of ethyl- 
amino to ethylsulphocarbimide, also with evolution of hydrogen sulphide, by the decom- 
position of ethylammoniuni ethyl-sulphocarbaniate (p. 1049). It forms crystals rnelting 
at 77®, soluble in alcohol, less soluble in water ; dissolves also in hydri>chloric acid, and 
gives a yellow crystalline precipitate with platinic chloride. By phosphoric anhydride 
or anhydrous hydrochloric acid it is resolved into ethylamine and ethylsulphocarbi- 
mide. It is not decomposed in aqueous or alcoholic solution by lead oxide, but recently 
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oxide in p«o of ethyUmine, diethylsulpUocai'bam.de is 
convert^ into / C' 

N*(CS)(C»H>)m-' + N(C’H>)H^ = H’S + 

snr.Ssr.frisz"»‘':t^^^ » 

•“ “JSpSrijSSr 

mine or triphenyl-guanidine. Itydriodic acid, and sulphur. 

2n4(SW - = nIcHI- ^ ^ 


1 11^ 

,f aniline he added U, the solution before the iodine, the products arc triphenyl-guani- 
tlino, hydriodic acid, and sulphur : 




N--' 


CS 

(oni^y 


nJ 


C«Il" 

IV 


r = N> 


c» 

(C»1P)' 
IV 


)3 + 2HI + S. 


Heated with aniline alone, sulphocarbanilide yields triphonyl-guanidino and hydrogen 
sulphide: * 


’ CS 

w- (C«1P)' 




C*H" 


u-s + 


Qlv 

(C“IP)». 


Diphenylsulphocarbamido is also 8,56.) Treated 

In wa™ hydLh,oric acid, or with sodium-amalgan.. 

it yields aniline, marsh gas, and hydrogen sulphide . 


1 

N-i (C“H*)' 

w 




(Morz a. Weith, Zeitschr.f. CA«»i. [2] it. ® )^y heating it with 

^ Diphenylsulphocarbamide 18 likewise ^ ^ i U diphmyl-ldyUjunnidim, 

lead oxide in cont^tw.lh 

l=ei ne^li^l idofdioil with or carMlpl.,ryUr~ 

(iv. 461) (Hofroann, Zeitschr.f. them. [2] vi. 2 7). 

N2(CS)(C®H*)’‘H* + NH* = + N’[C'^(CH)I ]. 

Diphenylsulphoearhamide heated 

which water extracts probably formed by the action of the 

instance (Buff, chem. &r, n. M'(f;S)(C’H')“H‘. 

Ditolyltulphocarbamtde or hocarbanilido, being conrerted bjr 

exhibiU reactions precisely similar heatine with toluidino, into tritolyl-carbotn- 

heat and by desulpliurising ®in warm alcoholic solution, it is con- 

tritolyl-guaiiidine and ditolyl-carbamide (BuB^. 
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SVWKOCTJLXrZC ILCm. CHNS.—On the preparation of this acid, see ITerrnee 
(«/. pr. Chem. xcvii. 465). 

Suiphocyanic acid is reduced by zinc and excess of dilute sulphuric acid, yielding 
hydrogen sulphide and methylarnino (Merz a. Weith, Zeitschr.f. Chem. [2] iv. Oil): 
CSNH + 6H = H^S + CI1»NH2. 

According to Hofmann [ibid. 689), the products are ammonia, formic sulphaldehyde, 
hydrocyanic acid, hydrogen sulphide, and methylamine, produced in the follow- 
ing order : 

I. CSNH + 2H2 = WN + CH^S 

II. CSNH + = CNH + H^S 

III. CNH + 4H = CH^NH^ 

(Hofmann, ibid. 688). 

IMCetalllo Bulpbocyanates. Many metallic sulphocynnates are soluble in ethor, 
and this property may be made available for their preparation. When the brown 
liquid produced by mixing potassium Hiilpliocyanato with a cobalt salt is sliaken up 
with ether, the other immediately becomes blue, and deposits on evaporation crvstnls 
i)f cobalt sulphoeyanato. The blue colour, which is also produced with alcohol, is 
destroyed by mercuric chloride and by sodium acetiite iind hyposulphite. Kthereal 
solutions of the sulphocyanates of iron, uranium, molybdenum, tungsten, gold, and 
copper may bo obtained in the same manner. The iron salt dissolves so easily that 
it may be completely extracted by ether from its aqueous solution (Skey, Chem. Ae«\s-, 
xvi. 201). 

Ammonium sulphocyanates CSN(Nn^), is often present in commercial 
ammonium sulphate. An alcoholic solution of this salt cxJiibits in a very high 
degree the phenomenon of supersaturation. Its com^mt rated aqueous solution does 
not dissolve sulphur, but takes up a considerable quantity of iodine, and on heating 
the- resulting liquid, a considerable quantity of persnl phony a nogen is deposited. 
Bromine acts in a similar manner, (/hlorino forms no precipitate in the dilute 
solution, but throws down from the concentrated solution a thick yellow precipitate of 
persulphocyanogen, agreeing in composition w’ith Vdlekel’s analyses (iv. 380) (Tlii[>soti, 
Chem. Ntwsy xviii. 100). Ammonium sulphoeyanato melts at 1. ‘39'^ (not at 147'^, as 
generally stated), and if kept for sonic time at the temperature of 170'^, i.s convert! <I 
into sulphur-urea, CiI'N-8 (J. E. Reynolds, Cheat. Soc. J. [2) vii. 1). 

Chromic Siilphocyaoiates (Roosler, Ann. Ch. Pharm. cxli. 185; Ziitsohr. f. 
Chem. [2] ii. 61 o). — Potaa.sio-chroniw .stdpkotyanate, (CNS)'‘^Cr''‘K** -f 8H‘0, is 
obbiined by heating the moderately ca>noentrate<l .solutions of 6 pts. potassium sul])hu- 
cyanate and 5 pts. chromo-alum nearly to the boiling point for about two hours, 
mixing the cooled liquid witli alcohol to precipitate sulphato.s, evaporating the filtrate, 
and recrystallising the salt thereby separated from alcohol. It forms nearly black 
crysbils belonging to the quadratic system, ruby-red by transmitted light. It is 
permanent in the air, gives off* its water at 100°, becomes dark-coloured when heated, 
ruby-red again on cooling; dissolves in 072 pts. water, and in 0'94 pts. alcohol. It 
is not altered by alkaline carbonates or ammonium sulphide even at the boiling lioat ; 
but on warming it with soda-ley, or boiling it with ammonia, chromic oxide i.s 
separated. Dilute hydrochloric acid decomposes it at the boiling heat ; strong liytlro- 
chloric acid throws down, together with potassium chloride, a yellow sulphuivttfd 
powder, which crystallises from alcohol in needles. By evaporation with liy<lrochh>ric 
acid, the salt is completely decomposed, with formation of chromic chloride and potas- 
sium chloride. Nitric acid oxidises it with facility. The salts of the alkaline eartli- 
nietals, and those of cadmium, cobalt, nickel, zinc, manganese, and iron, are precipitated 
by potassio-chroraie sulphocyanate. Cupric sulphate changes its wine-red colour to 
violet-blue, and on standing or warming forms a brown precipitate containing copper. 
Mercuric chloride forms a red precipitate which agglomerates at the boiling heat ; 
mercurous salts form a yellow precipitate gradually turning green; tin-salts a white 
precipitate. — The aynmonium salt, (CNS)*'*CV(NH*)“ -j- 8H'^0, is formed, with 
evolution of ammonia, when recently precipitated chromic hydrate is heated with 
ammonium sulphocyanate, but is more advantageously prepared like the pobissium 
salt, namely by mixing a solution of 1 pt. ammonium dichromate, reduced by alcoh(>l 
with addition of sulphuric acid and neutralised with ammonia, with 3 pts. of ammo- 
nium sulphocyanate, and heating the liquid to the boiling point.- The sodium salt, 
(GNS)‘=*Cr^‘Na®, prepared by boiling a neutralised solution of chromic sulphate with 
sodium sulphocyanate, evaporating and treating the residue with alcohol, crystallises 
in thin, deliquescent laminae, having a ligliter colour than the other double chromic 

sulphocyanates. — The barium salt, (CNS)”Cr’*Ba*, prepared by mixing a neutral 
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solution -of chromic chloride with barium sulphocyannte, crystallises in deliquescent, 
ruby -coloured, short, four-sided prisma. — Tlie silver saft^ (0NS)’-Cr’'’Ag*, is a bn)wn- 
red, bulky precipitate, retaining, when dried over oil of vitriol, 53*9 p. c. water, which 
it gives off at 100°, the salt assuming a pale red colour. It is but imperfectly 
oxidised even by fuming nitric acid, is insoluble in avumonia, but dissolves with deep 
cherry-rod colour in potassium cyanide. When suspended in water, it is decon;jK»soti 

by caustic soda and by hydrogen sulphide. — The had salt, (CNS)‘’*Cr'*Pb’.4PbH*0* 
4 - obtained by precipitation with leml acetate, has a rose-red colour, and 

when w'asbed with water gives up lead sulphoeyauato and is converted into 

(CNS)’®0r’‘P'b*.4PbH2O^ + 511-0. I5y boiling with water it is completely resolved 
into lead sulphocyanate, which dissolves, Hud a mixture of chromic oxitlo and lead 
oxide. — Ht/droahromic Sutpiiocya-nate or Chroini-sulphoeyanic arid, is 

obtained, by decomposing the lead salt with hydre^en sulphide, ns a deep wine-red, 
strongly acid liquid, which, when evapmited, gives off sulphoc'yaiiic acid, and loaves 
green, deliquescent chromic sulphocyanate, (CNS)‘'0r''‘ (v. 506). 

Lithium Sulphocyanate, obbiinod by saturating the acid with lithium car- 
bonate, crystallises over oil of vitriol in very deliquescent laminae. The gfurinmn 
salt crystallises less easily, and, like the preceding salt, is soUibh> in alcohol (^Hermes, 
J. pr. Chem. xcvii. 465 ; Jahresb. 1806, p. 294). 

Mercury Sulphocyanates (J. Philipp, Pm/g. Ann. cxxxi. 86; Jahresb. 1867, 
376; — llormes, lor. cU.). — The vdiito proeipit.ato of mercuric sulphocyanaie, 
(( ■NS)-lIg, formexi by adding pobissium snlphocyanale to merviiric nitrate, is s(>lul)le in 
excess of either salt. From boiling water or lr<)m a hot wdution of moreuric oxide iu 
sulphocyanic acid, it crystallises in nacreous lamiiire (Piiilipp). It dissolves in cold 
hydrochloric acid and aqueous metallic chlorides, less easily iu hot water, alcohol, and 
other; decomposes ait 165°, and cxphKles violently when triturated witli notassiinn 
chlorate. Boiled with hydr^hloric aicid, it forms a yellow amori>hou,s body, whicli 
is decomposed by boiling water into mercuric sulphide and hydrochloric acid. A 
solution of mercuric sulphocyanate in HuIplioc3'anic sicid deposit.s oii evaporation 
yellow needle-shaped crysbils of hydro mercuric sulphocyanate, (( 'NS)*Hg . 2(/NSH 
(llormes). Potassio-mcrcuric sulphocyanate, (0N8)“IIgK, is obbiincd lay adding 
mercuric nitrate to potaHsiuni sulpliocyanato till the while prc-cipitale formed at first 
is converted into a yellow, crystallino mass, and tinn warming; or Ijy directly 
dis.solving mercuric sulphocyanate in pubus.sium sul)>hoeyanate. It is moderately solublo 
in warm water, but is decomp>setl by a large quantity of cold water, with sepiirntiori 
of mercuric sulphocyanate. The eoinjKiund (CN)'‘^Hg. (1N8K -f 2l['‘'0, originally 
obtiiincd by Bclckmanri (Ann. Ch. Vharm. xxii. 15.3), separates on mixing tlie concen- 
trated solutions of its coraponent salts, as a crystalline [lulp; from dilute solutions in 
nacreous lamii.se or slender prisms; the solution is not precipitated by potash f)r 
ammonia. The compound HgI‘‘'.2CN8K -I- 2ir^O crystalliHes from a saturated 
b >lution of mercuric iodide in potassium sulphocyanate. as a yellowish, deliquescent 
salt, which, as well as the saturated solution, is tlecomposed hy water, with separation 
of yellow mercuric oxide, which gradually changes to the rexl modi Heat ion. Mercuric 
io-lide dissolves, however, in a very dilute solution of phassinm .sulphocyanate. A 
Bolutiou containing mercuric chloride or bromide, t<)g<;thi‘.r with excess of potassium 
Milphfx^yanate, first depo.sits cldoride or bromide of p»)tassiinn, aud afterwards the 
double sulphocyanate of pota.‘<sium an<l mercury. Ofuicentrated soluttons of mercuric 
chloride and poUissium sulph<jc 3 ^anate gratlually deposit mercuric sulphocyanate ; but, 
on the other hand, mercuric chloride is formed when mercuric 8ulpht)cyanate acts upon 
potassium chloride (Piiilipp). The yellow precipitate formed by ammonia in a solu- 
tion of potassio-mcrcuric sulphocyanate, and regarded by Claus as a mercViric oxysulpho- 
cyanate (v. 608), consists, acconling to Philipp, of mercur ammonium oxysulphocyanaU, 
NH'^Hg". CNS.HgO. This body detonates when heated, turns grey wlien exposed to 
light, and is coloured brown by potassium iodide. 

Mercurous Sulphocyanate, (CN8)dig‘% the existence of which is dmibfed by Hermes, 
is formed on ad<ling potassium sulphocyanate to a largo excess of dilute and some- 
what acid mercurous nitrate, 8mall quantities of mercuric sulphocyanate and metallic 
mercury appear to be formed at first, but il‘ the liquid i.s sufficiently acid, the grey or 
black precipitate becomes white after sUimling for some time, iu consequence of the 
mercuric sulphocyanate uniting with the mercury to form the mercurous salt. 
Mercurous sulphocyanate is white, insoluble in water, blackened by alkalis ; dissolves 
in hot hydrochloric acid, and in p^itassium 8uli*hocyanatc with separation of mercury, 
ami behaves, when heated, like mercuric sulphocyanate, but docs not swell up sa 
muL'h (Philipp). 
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Palladium Sul'ph o cyan ate s. — Double salts of palladic and palladious suipho- 
cyanate may be prepared by the method indicated by Buckton (v. 609) for the corre- 
sponding platinum-compounds. Putaasio-^alladic sulpkocyanate forms large rubj-reil 
anhydrous crystals, easily soluble in water and alcohol, melting and decomposing 
when heated, and oxidised by nitric acid, with separation of a white compound free 
from sulphur. Potassio -palladious sulphocyanate crystallises in dark red needles. 
Palladammonium sulphocyanate^ (CNS)®. N^H*Bd, is obtained in reddish-brown needles 
by the action of potassium sulphocyanate on palladammonium chloride (Croft, 

News, xvi. 53). 

Silver Salts. — Argentic sulphocyanate, CNSAg, separates in crj’stals from solu- 
tion in dilute ammonia ; but a solution of this salt in concentrated aqueous ammonia 
deposits, on cooling, colourless, highly lustrous crystals of argentammonium mlpho- 
cyanate, CNS.lSH^Ag, very much like argentammonium cyanide ,* they also, like the 
latter, very quickly give off ammonia when exposed to the air, but may be heated to 
200° in aqueous ammonia without decomposition (Weith, Zeitschr. j. Chem. 1 2] v, 
381 ; Gintl, ibid. vi. 183). 

Thallious Sulphocyanate, CNSTl, crystallises, according to Hermes, in thin 
laminae, slightly soluble in cold, more soluble in hot water, insoluble in alcohol and 
other (Hermes). Potassio-t hall ions sulphocyanate crystallises from solution of tliu 
thallious salt in excess of p«jtassium sulphocyanate in large shining prisms (Cars- 
tarijon, Jahresb. 18G7, p. 281). 

Snip ho cyan ate s of Organic Bases. — When metallic sulphocyanatcs arc 
added to solutions of salts of alkaloids (quinine, morphine, strychnine, nicotine, <S:c.) 
mixed with metallic salts, precipitates are formed, mostly gelatinous, and having 
little tondcncy to crystallise ; they appear to consist of double sulphocyanates of an 
alkaloid and a motfil (J:^key, Chem. News, xviii. 150, 184). 

Per sulphocy anic acid, C'-H-N-’S® = (CyH)^S''’ (iv. 378), is most easily pre- 
pared, according to Hermes, by decomposing a solution of ammonium sulphocyanate 
in an equal weight of water with 3 vol. sulphuric acid of sp. gr. 1*34, the yellow crystals 
which separate being purified by recrystallisation from boiling water, which dis.solv(\s 
of them. The solution is coloured red by ferric chloride, like sulphocyanic acid, 
but lighter. With silver nitrate it forms a yellow precipitate, which easily decom- 
poses, with formation of silver sulphide. 

When ammonium sulpliocyanato is treated with excess of sulphuric acid (sp, gr. 
T48), an oily liquid separates which gradually solidifies; this body, which in the 
liquid state has a very pungent odour and blisters the skin, is different from persul- 
])hocyanic acid and perhaps analogous to cyamelido. The same subsUince is formed 
in the preparation of hydrogen sulphocyanate by the decomposition of mercuric 
sulphocyanate with dry hydrogen sulphide. A colourless liquid then collects in tl.o 
cooled receiver, a few drops of which placed upon a watch-glass quickly evaporate, 
leaving a yellow substance which gradually hardens (Hermes, J.pr. Chem. xcvii. 405). 

SVX.FHOCVi3LXyrxC XSTHSRS (Hofmann, Bert. Akad. Ber. 1868, pp. 24, 405; 
Bcut. chem. Gcs. Ber. 1868, pp. 25, 169, 201 ; Zeitschr. f. Chem, [2] iv. 201, 686; 
V. 671; Proc. Boy. Soc. xv. 264; xvii. 67; Bull. Soc. Chim. [2] ix, 478; Jahrcsi>. 
1868, p. 653). — These compounds form two isomeric groups, analogous to those of tho 
alcoholic cyanides andeyanates (pp. 619, 622), which may be distinguished as sulpho- 
cyanic ethers, and i s osul phocyanic ethers or sulphocarbimides. They 
are represented by tho following formulae, taking the methyl-compounds as examples : 



Methyl Bulpho- Methylic 

cyanate sulphocarbimide 

the connection between fhe carbon-atoms within and without the alcohol-radicle being 
effected in the one case by the sulphur, in the other by tho nitrogen. 

The normal sul phocyanic others analogous to tho nitriles were discovered by 
Cahours, and are produced by distilling a metallic sulphocyanate with an alcoholic 
chloride, or the potassium or calcium salt of methyl-sulphuric, ethyl-sulphuric acid, 
&c. (v. 519). Tho isosulphocyauic ethers or sulphocarbimides are product, together 
with the corresponding monamines, by distilling the di-alcoholic sulphocarbamides with 
phosphoric anhydride : c.g., 

.N«j(cW = 

Dlethyl-sulpho- Snlpho- Etbylanxiae. 

carbamide. carbixuidc. 
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Tho phenyl-compound was obtained some years ago by Hofmann, and the naphthyl- 
compound by Hall (v. 521) ; and Hofmann has recently, by the reaction nboye 
mentioned, obtained other sulphocarbimides belonging to the fatty as well as to the 
aromatic group. Tho sulphocjirbimides are distinguished from the normal sulpha- 
cyanic ethers by their intensely pungent odour, and by their capability of uniting 
directly with ammonia and with monaminos, giving rise to alcoholic doriAmtives of 
sulphocarbamide. In these respects they resemble volatile oil of mustard, which is 
in fact allylic sulphocarbimide, N(CS)(C’'H®), and may be regarded as tho typo of tho 
group. Hofmann, indeed, designates those bodies by the generic nivrao of Mmtard- 
oih {Senfolv), It is remarkable, however, that allylic sulplioairbiraide, and not 
normal allylic sulphocyanate (which is not known), is produced by distilling potas- 
sium sulphocyanato with allyl iodide. 


lltliyl-sulpliocarDimlde or Stliyllo Xsosulpbooyanate, N(CS)(C^H^), is 
produced by distilling diethyl -sulphocarbamide with phosphoric anhydride or anhydrous 
hydrochloric acid, but is mtiro easily prepared by tlio following process, dopoiiding on 
tlio decomposition of moUillic (itbyl-sulphocarbamatos ; thus : 


esj 

Ettiyl-snlpho- 

curbamalo. 


N(C™^)H 

SM 


Ethyl-milpho- Snlphyitrute. 
carhiuiide. 


Wlien a solution of othyl-sulphocarbamato of ctbylamino (produced by direct comblnn- 
iion of ethylaraino with carbon bisulphule, p. 1019), is mixed wdth silver nitrate, a 
white precipitate of silver elliyl-sulpbocarhamate is pr(xhu*o<l, wliich blackens even at 
ordinary tomporatures, and more quickly when heated, with formation of silver sulphy- 
dralo and otliyl-sulphocurbiniide, which latter passes over ahumlantly with the 
viipour of water on boiling, liydrogon sulphi<lo Injing at tho same time evolved, in 
consequence of the decoiiipositioii of tho silver sulpliydrato. An excess of silver 
nit nito must bo avoided, as this salt, wlioti hoile^l for some time with ethyl-sulpho- 
carhimido, converts it inU) othyl-cyanate (by substitution of O for S), which is 
ultimately resolved inh) carbon (lioxido and ethylainine. Most oilier metallic Rails 
react with ethyl-suliihoearbamic acid in tho same manner as silver nitrate. 
Mf'rcuric chloride is found to be convenient, as it docs not attack tlu^ elhyl-sulpho- 
cat’birnido nearly so fast as the silver nitrate ; noverlholoss a largo excess of it should bo 
avoitbxl. In tho proee.ss just d<‘serib(‘d it is by no incanM neet'ssary tx) start with pure 
ethylaniine ; the crude mixture of tertiary, ]>rimarv, and secondary bastes and ammonia, 
obtained by treating alcoholic ammonia willi elbyi iodide and distilling with an 
alkali, answers the purpose quite as well. l)i(;tliylamino, in fact, is convertwl into 
elliyl-sulphocurbimido quite as easily as elhylamino ; it unilos with carbon bisul- 
phide, especially in alcoholic solutions, forming dietliyl-sulphocjirbamato of diethyl- 
ammonium, which when decomposed with a metallic salt yields a salt of diethyl- 
siilphocarbamic acid, together with a diethylamin© salt, and tho former resolves itself 
into othyl-suiphocarbimide and a mercaptido : 


„g(N(c^n»)» ^ „<cs 




Methyl- and amyl-snlphocarbimido may bo prepared in a similar manner. 

Ethyl-sulphocarbimide, when purified by rectification, is a colourless liquid having 
a pungent and tear-cxcitiiig odour, and producing a burning pain when placed on tho 
skin. It Ixiils at 134®, has a vapour-density of 3’03 (cal. 3’02), and in the liquid 
state nearly the same specific gravity as water (Hofmann). According to Huff 
(Zeitschr. f. Chem, [2] iv. 730) it boils at 133*2®, and has a sp. gr. of 1*01913-1 *01 9375 
utO®; 0 997525 at 21*4®; 0*997235 at 22®; 0*87909-0-873513 at 133*2®. Ethyl- 
sulphocyanate, according to tho same authority, boils at 146®, and has a specific 
gravity of 1 03300 at 0®; 1*01261 at 19®; 1*00238 at 23®; 0*870136-0*869367 at 
146®. 

Ethyl-sulphocarbimido unites directly 'with ammonia, ethy/amine, methylamine, and 
aniline, forming ethyl-, diethyl-, methyl-ethyl-, and ethyl-phenyl-sulphocarbamide 
(p. 1050). 

Ethyl-sulphocarbimide digested for some hours at 110® with ethyl alcohol, umioB 
with it, forming ethylic ethyl-oxysulphocarbamate, ethyl-xanthamide, or semi- 

i 1CH'/02W4\ 

sulphuretted ethyl-urethane, CSj OC*H*^ ^ manner, when digested 

with mercaptan at 120®, it forms ethylic ethysulphocarbamate, diothyl-xanthamide, or 
sulphuretted ethyl-urethane, (Hofmann, p. 1060). 
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IMCetbyl-Bulpliocarbimldey boils at 119°, melts at 34°, and solidifies 

at 26°. After distillation with aqueous vapour, it solidifies to a beautifully crystallised 
mass. Vapour-density obs. = 2*42 ; calc. 2*63. 

Amyl-sulpbocarblmldo is best prepared by decomposition of the mercury salt 
of amyl-sulphocarbamic acid ; but, instead of at once distilling olF the product, it is 
better to cause the evolved vapours to condense and run back into the liquid for 
a considerable time. When the reaction is complete the mercuric sulphide is 
filtered olf, and the amyl-sulphocarbimide is precipitated with water, dried witli 
calcium chloride, and distilled. It is a liquid boiling at 183°-184°, and having an 
odour like that of the ethyl compound, but less powerful. Vapour-density, obs. 4 40 
(cal. 4*48) (Hofmann). According to Buff it boils at 182°, and has a sp. gr, of 
0-957638 at 0°, 0*94189 at 17°, and 0*78749 at 182°. 

( ns 

Butyl-sulpbocarblmide, N j Q 4 jjof constitutes the essential oil of common scurvy- 

grass or spoon-wort (CocMearia officinalis), which is often confounded with oil of 
mustiird. It boils at 159°-160°, and combines with ammonia, forming the splendidly 
crystallised compound hutyl-sulphocarhamidcovhutyliG thiosinamine, N'‘'(CS)"(C^11**)11^ 
which molts at 135°. 

Tsobutylamine (prepared from butyl alcohol of fermentation) treated with carbon 
bisulphide and mercuric chloride yields a butyl-sulphocarbimide of the same conqxt- 
sition and nearly the same boiling point as the preceding, but differing in odour and 
forming with ammonia a tbiosinamino which melts at 90° ; doubtless therefore 
i CS 

isobutyl-sulphocarhimide^ N j 

Watercress yields a similar oil, apparently containing a radicle of very high order 
(Hofmann, Zciischr.f, Chem. [2] v. 400). 

{ CS 

Pbenyl-stilpbocarbimlde. — The aromatic sulphocarbimides are not 

formed by decomposition of the metallic salts of phenyl-carbamic acid and its 
liomologues. Phenyl-sulphocarbimide was originally obtained by tho action of ]di()S- 
] (boric anhydride on monophenyl-sulphocarbamido: N-(C’S)(C*^H*)H'* = NH* + 

N(C'S)(C®n^) (Hofmann, i. 756). It is al.so formed, t-ogother with triphcnyl-guanidine, 
by the action of alcoholic iodine on a boiling alcoholic solution of diplionyl-sulpbo- 
carbamide (Hofmann), and by heating the same compound to 1G0°-170° with strong 
hydrochloric acid (Merz a. Weith). (See Guaniiune, p. 665.) Heated with alcohol tr) 

a little nbovo 100°, it forms semi-sulphuretted phenyl-urethane, CS j and 

with mercaptan it forms stdphureited phenyl-urethane ^ CS 
p. 1050). 

4 CS 

TolyI-»ulpbocarbimlde, C®H^NS = prepared by heated 

clitolyl-siilj)hocarbamide with phosphoric anhydride. Aromatic vapours are tlieii 
evolved, which condense to a yellow, quickly crystallising oil. An admixture of 
ditolyl-sulphocarbamide may bo removed by c/ystallisation from ether, in which tolyl- 
fciulphocarbimide is extremely soluble. This compound crystallises in white needles a 
centimetre long, having an odour very much like that of anise oil. It dissolves easily 
in alcohol, sparingly in water, boils at 237°, molts at 26°, and resolidifies at 2‘2°. 
Heated with toluidine, it forms ditolyl-sulphocarbamide ; with ammoiiia it fr»rins 
monotoljd-Bulphocarbamide ; with anUine, phenyl-tolylsulphociirbamide, which 
easily obtained in fin© crystals. 

t ng 

Benxyl-sulptiooarbimldey C^H’^NS =» isomeric with the pre- 

ceding, is produced, like the sulphocarbimides of the fatty series, by the action of 
mercuric chloride on benzyl-sulphocarbamate of benzylamine, inasmuch as benzylamine, 
C®H* . CIP(NH*), is constituted like the aminos of the fatty series, having tlic 
ammonia-residue NH“ in tho methyl group. On adding water to the distillate, tho 
benzyl-sulphocarbiraide sepanites in clear, heavy drops. It boils at 243°, and 
possesses in a high degree the odour of watercresses. 

Menaphthylamine, treated with ctirbon bisulphide and mercuric chloride, likewise 
yields a sulphocarbamide. ^ 

All these compounds react like ethylic and cdlylic sulphocarbamid^, especially with 
ammonia and amines (Hofmann). 
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jUly|a^filpliocart>liikld6» or T’oltitilc oil of MusUird^ N < qjjjs* ““ remark* 

Able that this compound, which exhibits all the essential chrtractere of the sulpho- 
carbimides above described, has not hithorto been produced artificially by analogous 
processes, but is obtained by a reaction which might rather bo expected to yield ally! 

Bulphocyanate, viz- by distilling potassium snlphocyanate with allyl iodide 

(v 516), or with ally! bromide, or with the potassium salt of allyl-sulphuric acid. 
The pr^uct obUiined by either of these processes is identical in every respect with 
natural oil of mustard (Tollens, Ziitschr.f Chem. [2] v. 90). 

Mustaid-oil heated with alcohol a little above 100° unites with it, forming semt- 

sulphuretted allyl-urothane, Csj (Hofmann, p. 1050). Aecording to I,. 

Henry ijahresh, 1867, p. 379), it unites directly with dry hydrohromic acid, forming a 
crvstaUine compound, from which it is separated by water. With dry hyd^)dic acM 
it forms a pitchy mass. Heated in alcoholic solution with rmc and hydrochloric rtcftf, 
it is converted into allylamine, hydrogen sulphide, and carbon dioxide : 

+ 2U’'0 = + H’S + CO* 

(Oeser, Ann. Ch. Pharm. cxxxiv. 7). 

The following normal sulpho cyanic ethers have been prepared by L. Ilonry 
{Devi. chem. Ges. Per. ii. 207 ; Zdtschr.f. Chem. [2] v. 206). 

C’H^CNS or is produced by heating benzyl 

chloride with potassium cyanato in a water-bath, and crystallises from alcohol in 
large transparent prisms, insoluble in water, slightly soluble in cold alcoliol, easily in 
hot alcohol, also in ether and in carbon bisulphide. It has a sharp smell and taste, 
melts at 36°-38°, and boils with partial decomposition at 256°. It unites readily 
with drv gaseous hydrogen bromide, forming a crystallised compound, insoluble in 
ether, immediately decomposed by water. Fuming nitric acid converts it into wf/w 
henzyl snlphocyanate, C^H«(NO'0.CNS, which is also produced from nitrobenzyl 
chloride, C’H®(NO^)Cl, and potassium sulphocyanato, and cryshvllises from alcoholic 
solution’in small brittle needles, volatilising at about 70°, and decomposing before it 

Glyceryl Sulphocyanate, C»IP(CNS)», is prepared by the action of potassium sulpho- 
cyanate in alcoholic solution at 100° on isotribromhydrin (produced by the action of 
bromine on allyl iodide) ; ordinary triclilorhydrin does not yield it. The comi^uncl 
separates from the alcoholic liquid in the crystalline form, and when rocrysUllisod 
from alcohol forms small, white, shining, hard, brittle noodles, having neither tasto 
nor smell. It melts at 126°, and soon afterwards decompose, giving off hydrogen 
cyanide and leaving a carbonaceous residue. It is quite insoluble in water, very 
slightly soluble in cold alcohol, much more soluble in boiling alcoliol (Henry). 

General Reactions of the Svlphocarhimides and Mphocyanic Ethers. —^\\o bodies 
of both these groups' (taking the methyl-compounds for example) are ultimately 
produced from methyl-alcohol, carbon bisulphide, and ammonia, with elimination of 
1 mol. water and 1 mol. hydrogen sulphide : 

CH'O + CS» -t NH* «= H*0 + H^S + C'^H^NS, 
the nature of the resulting compound depending only on the order in which tho 
reactions take place. In the case of methyl-sulphocarbimido wo have : 


(1) • 

. cn‘o 


H^O 

+ 

H* 

(2) . 


+ CS» « 

H*S 

+ 


and in that of methyl-sulphocyanate (sco v. 604) : 




(>) • 

. NH» 

+ cs» . - 

H*S 

+ 

(2) . 


+ CH^O « 

H*0 

+ 



These considerations aw supported by tho following reactions: When alcoiioil^ 
eolation of ethyl-splp^yocaTbimide is mixed with zinc and hydrochloric acid, hydrogen 
enlplKlde is given oStfor seven^l days in cpntinually decreasing quantity, but no carbon 
dioxide, whilst thtriiouid becomes filled with white needles of formic sulphaldehyde, 
Sup: ^ * 3Y 
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CH*S ; and on mixing the liquid filtered from these crystals with strong soda-ley till 
the precipitated zinc oxide redissolves, and then adding alcohol, an oily layer of ethyl- 
amine and methyl-ethylamine rises to the surface. The principal reaction is : 


N 


[CS 


-h 2HH - CH^S + 


n| 


H* 


and at the same time there is a secondary reaction, represented by the equation 


N 


\CS 


+ 3IIH == H^S 


N 


C*H^ 

H 


When the isomeric compound, ethyl-sulphocyanate, is treated with zinc and hydro- 
chloric acid, hydrogen sulphide is likewise evolved without airbon dioxMe, but it ia 
largely mixed with hydrogen cyanide, ethyl sulphydrate, ethyl sulphide, and marsh 
gas, and on distillation a certain quantity of ethyl bisulphide is likewise obtained. 
The residue heated #ith soda-ley yields ammonia and methyhimine. In this case the 
principal decomposition is represented by tHe equation : 

S 

H 


JCN 


III! 


CKH 


S 


and the secondary reaction by 

. 8HK = 

The hydrogen cyanide is partly converted 

The action of nascent hydrogen on allyl-s\ilphocarbimido is analogous to that on 
ethyl-sulphocarbimide (contrary to the obsora-ations of Oeser, p. 1067), the principal 
products being formic sulphaldehyde and allylamine : 


+ 2Nir* + 2CH* + 


into- mcthylamine: 


H^S, 

CNH + 2m = 


N 


(CS 


+ 2HH CH^S + N 


while hydrogen sulphide, allylamine (no mothyl-allylamine), 
obtained as secondary products : 


C»H» 

H* 

and marsh gas are 


N 


CS 


4HII 


= 


C’lP 


cw 


H*S. 


In the action of nascent hydrogen on sulphocyanic acid (zinc, hydrochloric acid, and 
potossium sulphocyanate) the reaction goes on in both ways ; thus : 


and 


^ (U 


, S ON 

in 


2HM 

- CH*S -1- 

NU® 

HH 

= H*S + 

CNR. 


The hydrogen cyanide, however, appears only as methylamino. 

Ethyl-sulphocnrbimido heated with water in a sealed tube to 200® for several hours, 
is resolved into cthylamine, carbon dioxide, and hydrogen sulphide : 


N 


and 


(CS 

I 


H*0 


N- 


0*H* 

H* 


CSO 


CSO + H*0 = CO* + H*S. 

The same reaction takes place when concentrated hydrochloric acid is used instead of 
water, but it is then complete after . an hour’s hemfing to 100®. Ethyl sulphocyanate 
is hut slowly decomposed by water even UJthlgli temperatures, considerable qinnitities 
remaining unaffected even after heatfhg ta 32)00® for several days. With strong 

ilUon is easier^ the products being ethyl sulphide, 

^ d^cgenwilphide : 

iC»H* + CNOH 

ONQH + mo i 

Allyl-sulphocfi;ift>imide is decomposed hy tmttdr especially i® 

presence of hydrochloric acid, according to v 


hydrochloric acid« deoom^ 
ammonia, carbqji i|i|pxide^ and 1 




CS 

C»H^ 


aiPOh +# N co» + ; H«s. 
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At t^ie same time, however, another reaction takes place, whereby a second liquid bm 
is formed, boiling at a very high temperature and forming an amorphous platinum 
salt. 

On ethyl-sulphocarbimide, dilute sulphuric acid acts in the same manner as water 
and hydrochloric acid. With strong sulphuric acid, on the contmry, it mixes, pro- 
ducing great rise of temperature, and after a few minutes extremely rapid evolution of 
carbon oxysulphide ; the residue contains ethylamine sulphate : 

+ H«0 = CSO + 

In contact with water, and especially in presence of an alkali, the carbon oxysulphide 
is resolved |pto carbon dioxide and hydrogen sulphide. 

Ethyl sulphocyanate is also but slowly acted upon by dilute sulphuric acid, rapidly 
by the concentrated acid, with considerable rise of temperature, and evolution of carbon 
dioxide and sulphur dioxide. On adding water and distilling, sulphuretted Cereal 
products pass over, and the brown residue heated with potash gives off considemble 
quantities of ammonia. The reaction appears therefore to be similar to that which 
takes place with water and hydrochloric acid, the sulphur being separated in connec- 
tion with the ethyl group (Hofmann). Schmitt a. CHutz {Zeitschr. f. Chem. [2] iv. 
723) by treating ethyl sulphocyanate with strong sulphuric acid, obtained carbonyl- 

disulphodiethyl, isomeric with xanthic ether, j accord- 

ing to the equation : 




+ CO" + 2(NH«.HSO*). 


Methyl sulphocyanate and amyl sulphocyanato yield homologous compounds. 

On allyl-sulphocarbimide, sulphuric acid acts in the same manner as on the ethyl 
compound : 

( CS TT<t>r% . XT ^ C®JI* 


n| 




+ H*0 - CSO + 




1 £ 3 - 


This reaction is well adapted for the preparation of allylamino. 

Phenyl- and tolyl-sulphocarbimide, treated with sulphuric acid, yield wirbon 
oxysulphide and the corresponding sulphuric acid : e.g., 


+ H"SO* = CSO + NII(C»Il‘).SO»H. 


With nitric acid, ethyl-siilphocarblmido forms ethylamine, carbon dioxide, and 
sulphuric acid, whereas ethyl-sulphocyanate, as shown by Muspratt, yields ethyl- 
sulphurous acid, C®K*SO’H. The homologous sulphocarbimidos and allyl-sulphocarbi- 
mide act in the same manner. 

Under the influence of sodium, ethyl sulphocyanate is completely resolved into 
cyanogen and ethyl bisulphide (Hdfmann) : 

28 1 + Nil* = 2 CNNb + 8"(C*H‘)*. 

BVUHOKaTBTXiZC AXSBBXBB. CH*S.— S;u. with Formic Solph- 

ALDRHTOB (p. 622). 


■VXiPBOirAPBTKAXimB CBXtOBZBB. C'^H^SO^Cl.—Syn. with Napu- 
THTLSULPHimOUS ClILOJilDB (p. 866). 

8VBVBOirB.PBTBBAZO MZB. C^‘*H^O*.~->Syn. with NAPHTHyLSULPiiuitous 
Acid (p. 860). ^ * y 

SVZiPBOPBBirOUO AOZBt PVBicrLSULPHUttio Acid 

(P* 923). .r. - - 

8TOPBopB By y x.a B » »»gKyMi^ cy»so* » (Otto, 

Ann. Ch. Pharm. cxlui. 205). — ^Thie obsaxT^ l^ jCalle 

1861, p. 628) to be prodHied i# the aeboh of xme'^tibyl oh pheiiylsiib^nrDus 
and in the preparat^fj^pheii^lmd^iurotm^h^ by the action of lodium-i 
on phenylsulphhitt|j|ipl)nde (t.' by treatilife the product 
the action of ethereaTeoTution of the chicle, after rem 

of ether, with wator a^piy^^orip acid, washing the oil ther^v separated \ .. 

sodium carbonate, And dispc^llig it is e^er» which leaves it behina on evaporatiouf 
It is an oily liquid^^rlng'lklmnt yellowish cokhir^nd a peculiar unpleasant sweetish 
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odour, heavier than water, and insoluble therein, miscible in all proportions with 
alcohol, ether, and benzol. In hot water it dissolves slightly, forming a liquid which 
becomes milky on cooling. When heated alone, it is resolved into carbon, sulphurous 
oxide, and an oil having an odour of radishes. It dissolves with violet-red colour in 
warm fuming sulphuric acid ; does not unite with alkaline bisulphites. By zinc and 
sulphuric acid, it is resolved into phenyl-snlphydrate and alcohol : 

cm*so^.cm* + en = c*h*s + c*h«o + h*o. 

With fuming nitric acid it yields njitrophonylsulphurous acid, together with traces of 
nitrobenzene and picric acid, 

8Tr&FKOXOXilFO]b.aMZl»B, C’H^SO^NH^ separates from a solution of 
sulphotoluolic bromide, C’H’SO^Br, in concentrated aqueous ammonia, on evaporation, 
in large nacreous laminae. It is moderately soluble in hot alcohol and water, and melts 
at 139*^-140® (Otto ^on Gruber, Ann. Ch. Pharm. cxlii. 92 ; Jahresb. 1866, p. 602). 

8ir&PBOTOXiTrOUC iLCZD. Syn. with Tolueke-sulfhuric or Tolti.svl- 
PHUBous Acin (p. 286). 

8irZiPBOTOXiYZ.SXriS-STHTZifi2a'S. C®H‘«SO* = C’H“SO* (Otto, 

Ann. Ch. Pharm. cxliii. 205). — This compound, obtained as a secondary product in the 
preparation of toluene-sulphurous acid, forms, after repeated crystallisation from abso- 
lute alcohol, small, shining, oblique, rhombic prisms, insoluble in water, slightly 
soluble in cold, easily in hot alcohol, ether, and benzol. It melts at 76°-76°, and 
behaves in other respects like the corresponding phenylensjeompound. With zinc 
and dilute sulphuric acid it yields alcohol and nitrobe^^lsttlphydrate, 0^11*8, 
identical with that which is obtained from sulphotoluolic chloride or from toluene- 
sulphurous acid. With fuming nitric acid, it yields nitrotoluene- sulphuric acid, 
C^H'(NO''*)SO>, together with secondary products. With bromine in ethereal solution 
it forms the compound which crystallises from ethereal solution in long 

needles, melting at 96°, and converted by heating with absolute alcohol into othylic 
toluene-sulphate, GUI* SO* . This ether is likewise formed by the action of 

bromine on an alcoholic solution of sulphotolylone-othylene. 

When sulphotolylene-ethylcno, dissolved in pure amylic ether or in a mixture of 
amylic ether and toluene, is treated with sodium-amalgam, there is formed, not sulplio- 
tolylene-amylone, but — together with metabenzyl bisulphide and a mercury-compound 
which crystallises in needles — either a body, melting at 36° to 36^ 

or a compound, crystallising in four-sided prisms and melting at 

78°-79° 

STnbPXOX'TBZlKrZOXC ikCZB. See Oxybbnzoic Acid (p. 890). 

SVZPRITll. Modifications. — A soft, amorphous, yellow, opaque sulphur of sp. gr. 
T82-1‘87, sparingly soluble in carbon bisulphide, is obtained, according to W. Muller 
{Pogg. Ann. cxxvii. 404 ; cx.xxiii. 347), by passing dry hydrogen sulphide over heated 
oxalic acid, or by passing sulphur- vapour evolved in a stream of carbon dioxide or 
hydrochloric aciil into water. It does not lose its softness by pressure, and is but 
slightly soluble in carbon bisulphide. According to Sestinij(J?«^. Soc. Chim. [2] vii. 
196), the supposed moditication described by Muller is nothing but sulphur in the 
utricular form, which it assumes on rapid condensation in contact with the air. 
According to Berthelot, on the other hand {ibid. 1^7), sulphur condensed in water is 
identical with that which is condensed in the air, only while in the soft elastic state; 
when hardened it contains a different amount of insoluble sulphur. According to Be 
Luca and Ubaldini {Compt. rend. Ixiv. 1200), sulphur separated from aqueous 
sulphurous acid (with simultaneous formation of pentathionic acid) by the action of 
hydrogen sulphide, consists partly of the insoluble modification, the proportion varying 
with the duration of the contact and other conditions of the experiment. When the 
sulphurous acid is in excess msoluble. modification predominates. 

Sulphur may be crystallised from fusion in the rhombic form (v. 630), by filling a 

4 ong-necked flask, hai^ng a capacity of 160-200 centrimetres, with" pure sulphur, draw- 
ng out the neck to a^eapillary orifice with two or three bonds, melting the sulphur in 
van oil-bath al l2ll?°itSnd then immersing the flask in water at 90°. The sulphur then 
yemains liquid fc^itfflong time, and crystals gradually form, both on the surface and 
:within the mass, and may bo at least partially isolated by inverting the flask, so that 
the still fluid portion may run intq the neck. These crystals are transparent, a^e 
in form and in their angles with native sulphur, and may be kept without alteration, 
thpirfbrmation is facilitated by adding a few drops of caybon bisulphide to the sulphur 
before fUsiom 



SULPHUR. 


loot 


The eoliibUity of sulphur iu carbon bittUphidc and other liquids has been determined 
by CkMHa: 


Temperature 
— 11 ® . 
— 6 ® . 
0 ® . 
+ 16° . 

18 6° . 


Bnlphur In 
100 pta. CS* 
16-64 
18-75 
23 99 
37*15 
41*65 


Tomporeture 
22 ® . 
38® . 

48*6° . 

66 ® . 


Bnlphur In 
100 pta. OS* 
46*06 
94*67 
146*21 
181-34 


The dif^lution is attended with absorption of heat: when 20 pts. sulphur are 
dissolted^n 50 pts. of the bisulphide at 22®, the fall of temperature amounts to about 
6®. The saturated solution boils at 66® (pure carbon bisulphide at 46*8®). 


100 pts. benzene dissolve 

100 pts. toluene „ 

100 pts. ethyl oxide „ 

100 pts. chloroform ,, 

100 pta. phenol „ 

100 pts. aniline „ 


< 0*965 pts. sulphur 

at 26®. 

(4-377 

If '* ' 

71®. 

1*479 

» 

23°. 

0*972 

ft 

23*6®. 

1*206 

If 

22®. 

16-35 

If 

174®. 

86*96 

If 

130°. 


Coal-naphtha dissolves about 2 p. c. sulphur at ordinary temperatures, nearly half 
its weight at temperatures near the boiling point. The solvent power of coal-naphtha 
for sulphur increas^ with its specific gravity ; certain lioavy coal-tar oils dissolve as 
much us 115 p. >^‘lulj^ur at 110®, and an almost unlimited quantity at 120° (E. 
Pelouze, Gompt, rmrf. Ixviii. 1179; Ixix. 66). 

Reactions . — When a series of electric sparks is passed through a mixture of sulphur- 
vapour and oxygen t combination takes place, sometimes with slight explosion, and 
sulphurous oxide is produced. Hydrogen and sulphur unite easily under similar 
circumstances, forming H*S. With nUroaen no reaction takes place. With numoxids 
and dioxide of nitrogen^ sulphurous oxiao and nitrogen are formed, and on passing 
the products into a dry glass vessel cooled with water, splomiid leaden-chamber crystals 
are obtained. Carbon monoxide unites easily with sulphur, under the same circum- 
stances, forming carbon oxysulphide ; carbon dioxide ^ which is resolved by the electric 
spark into the monoxide and oxygen, yields Cfirbon oxysulphide and sulphurous oxide 
(Chevrier, Compt, rend. Ixix. 136). 

When hydrogen gas is passed through boiling sulphtir, hydrogen sulphide is abun- 
dantly product. Sulphur likewise acts on boiling aniline, giving rise to rapid 
evolution of hydrogen sulphide and formation of a sulphuretted base. Other organic 
bodies, as acetanilide, glycerin, naphthalene, &c., ore likewise attacked by sulphur 
(Hens a. Weith, Zeitschr, f. Chem. [2J v. 603). 

Detection by the Spectroscope , — ^The flame of sulphur burning in the air gives a 
continuous spectrum; so likewise does that of hydrogen burning in oxygon. Eutwhen 
sulphur-vapour is passed into a hydrogen-flame, a very beautiful and complicated 
spectrum is formed, which was first observed by Mulder in 1804. This spectrum is 
not seen in the hot part of the flame, where the oxygen enUirs, but only in the inner 
part, consisting of nearly pure hydrogen boated to a comparatively low temperature; 
this part of the flame may also be distinguished with the naked eye, by its fine blue 
colour. On cooling the sulphuretted flame, the same colour appears at the cooled part. 
The spectrum of sulphur consists of a number of bright and nearly equidistant fines 
in the green and the blue. Towards the violet these lines unite in bands. When a 
name of pure hydrogen burning from a platinum jot is directed over the surface of 
sulphuric acid, the cooled part of the flame acquires a splendid blue colour with a 
tinge of violet, and exhibits the spectrum above described, whence it may bo inferred 
that the sulphur is separated in the free state in the r^ucing flame. On passing 
vapour of sulphuric or sulphurous acid into the flame, the axis becomes colour^ in the 
same nranner as in the experiment with sulphur-vapour, the same characteristio^^ 
colour is observed when a hydrogen flame is directed upon a crystnl of sodium sulpha^l,. 
ammonium sulphate, alum, gypsum, &c., or of a sulphite or hypmmlphite ; with barium 
sulphate however it is not produced. The flame of hydrogen 1^i$ung under a belbjiV 
frequently exhibits a blue colour at the edges, and the same blue tint is almost always 
ol^rved when the flame of hydrogen is passed over the surface of a glass vessel. 
This blue ^me exhibits the spectrum of sulphur,' and the presence of that element in 
the flame is due to reduction of sulphates in the glass or to sulphuric acid in the 
air (Salet, Compt. rend. Ixviii. 404 ; Zeiischr. f. Chem. [2] v. 228), W. F. Banet 
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dtiftb hftiS obsert^d that when a pure hydixjgen-flame ia directed on the surface of 
various solid bodies, metallio or non*metallic, and on several liquids, a ring of deep blue 
light is produced, due also to sulphur, derived from the air (PAiif, Mag. [4] zxx. 321 • 
Jahreeb* 1866, p. 139)^ On the spectrum of sulphur see also Spectrai, Analysis 
^p. 1032) ; farther, Salet {Compt, rend. Ixxiii. 569), andDitte (i6wf.‘622) : also Ch&m 
<&><?. j; [2] ix. 1146, 1146. 

On the estimation of sulphur in iron, Eggerte {Ckem. News, 1368, p. 207)* 
in organic bodies, ANA;yrsis, Organic (p. l48). ' 

Recovery qf Sidphur /rom Alkali-waste (v. 629). — A historical notice of the several 
processes defised for this purpose has been given by A. Scheurer-Kestner {JBuU. 8oc 
indtistr. de Mtdhoitse, fivrier 1868; Null. Soc. Chim. [2] ix. 419). The^ a^ihods 
proposed down to the year 1856 had for their object to utilise these residues for the 
preparation of hyposulphites, or to evolve hydrogen sulphide from them, and from 
this to separate the sulphur or prepare sulphurous acid. The subsequent improve- 
ments relate : 1. To the oxidation of the residues by air in such a manner that the 
soluble oxidation-product may be decomposed by acids without evolution of gas, aiKt 
tliat only one equivalent of acid may be required for the separation of several equiva- 
lents of sulphur. — 2. The use of crude manganese solution (chlorine-residues) iu place 
of hydrochloric acid. — 3. The extraction of the pure fused sulphur. 

The first problem has been solved by Guckelberger and by Schaffner. Guckclbergcr 
in 1858 began experiments, which were carried on from 1859 to 1861 under his direc- 
tion by L. Mond, and had for their object to determine the duratioq of oxidation for thin 
layers which would yield the maximum quantity of hyposulphites. The quantity of 
sulphur present in the form of hyposulphites was found to be as follows : 

, After After After After 

14 daj’S, 4 \v€?eks. 6 weeks. 10 weeks. 

For 1 00 pts. of the moist residue ^ 2*6 4*6 1*0 0 0 

For 1 00 pts- of the dry residue . . 2-6 4*0 12'0 10 

Guckelberger also found that the oxidation takes place more easiiy,and with evolution 
of heat, when the residues are exposed to the air iu heaps of considerable size, and 
that then also the further rapid oxidation of the calcium sulphides may be avoided. 
In this manner (1862) he obtained solutions from which the -sulphur was separated 
by acids without evolution of gas, but it was only iu 1864 tlmt he prepared tlio 
Regenerated sulphur on the manufacturing scale. Patents for the oxidation of these 
residues were taken out by Mond in 1861 and 1863. His last process (1867) is as 
follows : The residues, without removal from the lixiviating Uinks, are treated fo% 12 
to 24 hours with a current of air driven by a ventilator till they assume a yollqw-green 
colour, after which tliey are subjected to methodical lixiviation, and this treatment is 
repeated several times. The oxidation must be so regulated that the liquor may con- 
tain 2 mol. sulphide to 1 moL hyposulphite (if it is carelessly conducted the hypo- 
sulphite is converted into sulphite and sulpliydrate of calcium): The quantity of acid 
required to nearly saturate the lime (present as sulphide and hyposulphite) is then 
added, taking care to leave the liquid slightly alkaline, and the Whole is heated to 60° 
by a current of steam. The nearly pure sulphur thus separated is ^shed and meltid. 
The yield amounts to about g of the tobil quantity of sulphur in the alkali-waste, the 
other f being left behind as sulphite and sulphate of oaj[cium. To determine the 
quantities of hyposulphite, &c., in the liquors: — 1. Thef quantity of hyposulphite is 
titrated with iodine, after the sulphides and sulphurates h ive been decomposed by 
excess of zinc-chloride. — 2. A second sample is mixed with iodine and starch till a 
blue colour appearj^, and after decoloration with sodium hyposulphite it is neutralised 
with c#ustic soJia.^^ According to the equations CaS* + V ^ Cal* + S‘; CaH*3* **• 
4I =* Okl® + 2iil ; 2HI Na*0 = 2NaI + H'‘*0, the second titratiStt^^th 

iodine gives the total quantity of hyposulphite, sulphide, and sulphydrate; the titra- 
tioit with'iuda gives the amount of sulphydric acid (Mond, Chem. News, xv. 183 ; xvi. 
27^ 41 ; Jdhresb, 1867i p. 901). See ^so Schaffner {Zeitschr, f, Chem. [2] v. 666; 
ihW/. pok J'. cxcii. 308 ; Jahresb. 1868, p. 926). 

Ortie use of crude man^nese solution instead of hydrochloric acid was tried by 
^ownshend and Walker in 1860, and afterwards successfully carried out by P- 
Hofmann {Chem. News, xvi. 163 ; Jahresb. 1866, p. 867) ; by E. Kopp {Ann. Ck. Pkys, 
f4] vii. 5, 63; Bull. Soc. Chim. [2] 335, 440; Chem. News, xii. 264, 290; xiii. 27, 
40, 111, 140; Jahresb. 1866, p. 779; further: La dlnaturation et utilisation des 
rbsidus de la fabrication de la soude et du chlorure de chaux, Paris, 1868; abstr. 
Jahresb. 186d> p, 923); see also P. W. Hofmann {Chem. News, xvi. 163; Jahresb. 
1866, p. 867), and JRosenstiehl {Bull. Soc. Chim. [2] ix. 339 ; Jahresb. 1868, p. 923). 
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OXYGBK-COMPOTJNDS OP SuLPHUB. 

1. Bypottulpliuroiui Aold* H^SO^ « — Hydrosufphurous Acid (Schut- 

zenbeiiger, Zeitschr. f. Chem. [2] v. 64.'>).2-Thia acid is produced by the action of jsino 
on aqueous sulphurous acid. The metdl dissolves witliout evolution of hydrocen» 
forming a yellow solution which possesses a decolorising pciwer much greater than 
thf[t of sulphurous acid itself, throws down from cupric sulphate a precipitate of 
coj^ib^ydride, Cu*H‘‘', mixed, if the copper solution is in excess, with metallic copper, 
and^pnediately reduces the metiils from silver and mercury salts. The solution thus 
obtained is, however, very unstable ; its decolorising power attains a maximum in a 
few minutes, then diniinishos, while at the same time it loses its yellow colour and 
becomes milky from separation of sulphur ; it then contains thiosulphuric acid, 

A more definite product is obtained by immersing clippings of zinc in a concentrated 
solution of acid sodium sulphite contained in a closed vessel. The zinc then dissolves 
ns before without evolution of hydrogen, the reaction being completed in about half aa 
hour, and an abundant crystallisation of zinc-sodium sulphite is produced. The 
decjwited liquid, which possesses very groat decolorising power, becomes very liot on 
exposure to the air, losing at the same time its characteristic properties, and after- 
wards containing nothing but the double salt just mentioned, t-ogolher with acid 
sodium sulphite. To isolate a definite compound, the solution (about half a litre) is 
poured into a flask holding about two litres, and tliroo-fourths filled with st.rong alcohol, 
and the flask ia hermetically sealed. A crystalline precipitate is then imtnediately 
formed, consisting for the most part of zinc-sodium sulphite, while nearly all the 
bleaching compound remains dissolved in the alcohol. This solution decanted into a 
flask quite filled with it, well closed, and left to stand in a cool place, solidifies 
in a few hours to a mass of slender colourless needles, which must bo pressed as 
quickly as possible betWbCn folds of linen, and dried in a vacuum, ns it becomes very 
hot if exposed to tlm^air in the moist state ; when dry, however, it is not affected by 
oxygen. This salt contiins but a small quantity of zinc, from which it may be freed 
by solution in water and reprecipitation with alcohol. It then consists of sodium hypo- 
SiUphitei NaHSO*. It is very soluble in water, soluble also in dilute alcohol, insoluble 
in strong alcohol. Its solution possesses all the decolorisitig and reducing powers 
above mentioned. The crvsbils when oxposfxl k> the air are completely converted into 
acid sodium sulphite, NaHSO”, without formation of other products. When heated in 
a^be^ the^ give off sulphur and sulphurous acid, together with a little water, and 
lea^ra a residue of sodium sulphate and sulphide. 

Hyposutphurous acid, which is much more unstable than its sodium salt, may bo 
•e^rated therefrom by treating the crystals with oxalic acid. A deep orange-yellow 
solution is then formed, possessing groat decolorising power, and quickly becoming 
colourless, with deposition of sulphur. The formation of the acid by the action of 
zinc on sulphurous acid is represented by the equation : 

4^ Zn = ZnO + H^SO*. 

The same reaction takes place with other metals, as iron <jr manganese. The forma- 
tion of thiosulphates in allThese cases is only a secondary reaction duo to the slow and 
spontaneous decompositioii of the hjrposulphite. 

When a porous earthenware cell filled with acid sodium sulphifo is immersed in 
weak sulphuric acid, and the liquid subjected to electrolysis, the negative polo dipping 
into the acid sulphite, oxygon is evolved at the positive pole, while at the negative 
|iql©,no gas is evolved, but the sulphite is converted ink> hyposuli)hite. By uepTacing 
theiflcfbric acid in a Bunsen’s cell with acid sodium sulphite, a comqiftation is obtained, 
which is very little inferior in intensity to the or<linury Bunsen’s battery, and remains 
constant for a considerable time (Schiitzenberger). 

Mthyl-hypoaulpkurous Acid. C*H*SO’' = ^ (Wischi*i> Ann^ Ch. 

Pharm. cxxxix, 364). — This acid, called by its discoverer eth^l-aulphuroua actd,^g 
produced as a zinc-salt by the action of zinc-ethyl on sulphuric anhydride, 2SO* 4- 
Zn(OH*)» x= SO* + ZnSO* + and 2SO* + Zn(C*H*)* » Zn(G*H‘SO»)* 

When zino-ethyl is carefully mixed with an equivalent quantity of sulphuric anhydride 
in a strong tube sealed and* filled with dry carbon dioxide, a violent reaction takee 
place, rerjr apt to give rise to explosion, and zinc ethyl-hyposulphite is formed 
together with combustible gases, sulphurous anhydride, zinc sulphate, zinc sulphide 
and metallic zinc. Ethyl-hyposulphurous acid is also formed (contrary to thi 
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ettttemenfc <of Hobson (iii. 1004), by the action of zinc-cthyl on sulphurous anhydride 
Wlien a cooled solution of zinc-othyl in 60 vol. ether is saturated with sulphurous 
ai^ydride, the residue left after evaporation of the ether contains the zinc salt of 
etihyl-hyposulphurous acid, Zn(C*H*SO*)* + n*0, which dissolves in water, less 
easily in hot alcohol of 90 p. c., and crystallises from the latter in soft nacreous 
scales. The barium Ba(C“H*SO*)'^ (at 100®), obtained by decomposing the zinc 
salt with baryta-water, is very 43oluble in water, kss scduble in alcohol, and separates 
on evaporating tlM solution in a vacuum, in -crystalline crusts. The copper salt, 
,, C^(C’'H*SO*)*, c^tainW by decomposing the barium salt with cupric sulphate, and 
^livaporating forms pale green, dcliquesoent, crystalline crusts, which 

give oflF o? vitriol, and iMnuine a darken green colour. It is decomposed 

by eyapor^tfoili^^^or the The silver salt, Ag(C2H*)SO*, formed by 

neutrali^in^l^eii^ with silver w cr^'stallisos by eraporatioii iu the -dark, in 

highly ItiiStrcKls, laminae moderately soluble in water. The free eund, or hydrogen salt, 
obtaiimd by decomposing the barium salt with sulphuric acid, remains 
after evapor^ion in a vacuum, as a syrup, having an agreeable sour taste, and soluble 
in all proportions in water. By nitric acid of s^ gr. 1^4, it is converted into ethyl 
sulphurous acid, C*H*SO*, together with a crystallisable compound soluble in water. 

2. Sulpl&aroiui OwavpouiMls. 

Sulphurous Oxide or Anhydride,SO\ is Ibnned by the action of sodium- 
amalgam or of zinc and hydrochloric acid upon a dilute solution ttf barium hypo- 
sulphate: S*0* + = 2SO* + H*0 {Qt\o, 2kit8chr/f. Ckenu W. 168). It 

may bo conveniently prepared by heating 2*4 pts. of dehydrated and pulverised ferrous 
sulphate with 1 pt. of sulphurs FeSO^ + S' FeS -4- 2SO*. The residual ferrous 
sulphide may bo used for the preparation of hydrogen sulphide. The gas is still 
more easily evolved from a mixture of 1 pt. dehydrated cupric sulphate and 3 pta. 
sulphur,' if the heat is not raised to redness, the residue consists of iiKiigo-coloured 
cupric sulphide. In either case, wide gas-delivery tubes must be used, as narrow ones 
would be stopped up by the sulphur (Stolba. BtUl. Soc. Chim. [2] vii. 240). 

According to Stas {J^ahresb, 1867, p. 160), sulphurous oxide exhibits different pro- 
perties, accordingly as it is prepared and kept in the dark or exposed to l%ht. The 
gas prepared in Uie dark by heating sulphuric acid with charcoal, wood, or metals, or by 
the burning of sulphur — as well as its aqueous solution — produces in neutral or slightly 
acid solutions of silver nitrate or sulphate (but not in strongly acidulated solutions) 
H puM white precipitate of silver sulphite without colouring the solution. The 
preciptate remains white in the dark, but when exposed to light in presence of excess 
of sulphurous acid, it is converted into a mixture of silver sulphattf" and metallic 
silver. Acid prepared as above converts chlorate, bromate, or iodate of silver into 
chloride, bromide, or iodide, without separation of silver or formation of silver 
sulphide. Sulphurous acid which has been exposed to light, and in a loss degree 
also that which has boon prepared by heating manganese dioxide or sulphuric acid 
with sulphur, produces in acid as well as in neutral sohitions of silver nitrate or 
sulphate, a grey precipitate, the superimtaut liquid at tlio same time turning black, 
and ultimately depositing silver sulphide. Chlorate, bromate, and iodate of silver 
are converted by this modification of the acid, even in perfect absence of light, into 
mixtures of chloride, bromide, or iodide, with sulphide of silver. 

Liquefied sulphurous oxide dissolves many- substances-— as phosphorus, sulphur, 
iodine, bromine, .chloroform, carbon bisulphide, benzol, ethelr, resins — without altera- 
tion, or mixes with them, and more easily when warmed with them in a sealed tube 
than in the cold. Concentrated sulphiu'ic and phosphoric acids are not dissolved by 
Dulphurous oxide ; nitric acid forms with it a crystalline substance which has the 
appearance of the leaden-chamber crystals, and disappears on further addition of 
aulphurous oxide (Sestini, Bull. Soc. €him. {2] x. 226). 

According to W, Schmid {Zdtschr. f. Chem. [2] iv. 60), sulphurous oxide and 
hydrogen sulphide do not act on one another when perfectly dry ; but on introducing a 
wet glass rod into the mixture, sulphur is instantly deposited upon it^ and penta- 
^ionic acid is produced, , . 

Sulphurous acid in presence of a large quantity of water reduces nitrous and nurtc 
etoid to nitrogen monoxide (Weber). See Nithogkn Oxides, p. 871. 

A strip of filter-paper moistened with a mixed solution of ferric sulphate and 
potassium ferticyanide, and introduced into the vapour of burning sulphur, immedi- 
ately acquires a fine blue colour. The same reaction is produced with a solution of 
sulphurous acid, or with a sulphite or thiosulphate, but not with sulphates, excepting 
ferrous sulphate (E. Smith, Chem* News, xvi. 223) 
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c!„lohurou8 add in aqueous solution is reduced by tine to hyposulphuroua 
■ 1 the sulphur-analogue of formic acid (Schutsenber^r, p. 6 )• . 

‘“elh^u; ^d Ss upon stafneut chloruU accoriing to the following equations . 

'JS 2^- 

in^thfsame manner with etannoue chloride in 
am nrecipitable by hydrogen sulphide. Thus on paeyng ■gaae ^jg^jggo 

9SC1® + 2SbCl* + 3S0* + 12HC1 - Sb^S* + 9Sna + 6H 0. 

„U. — , s 

platinic chloride, areenious , .31iaI« of the tin remaining in solution aa 

platinum, arsenic. »pper. <>' ^ S^loride Id “L tulrhaU the 

Stannic chloride.. From a and from a mixture of stannous 

«hole of the MKrtpCS^^^ add “wn sometimes a tin sulphide. 

"cT^tufwT-ipi'^te! which blach^^^ with poUsh and consists of sulphide 

S St S'it: t'( tehtort.hriri,i. ji*u. 

niacal solution of cupric su phate, or by sulphurous acid. The 

metallic copper till it ’ 2U<0 is produced by adding sodium sulpha to 

eodie-capniiM soff, (Cu’) Na‘(S0*) + 2U U.'8 1>^> is formal the liquidlrhen 
concentrated cupric i^tam U I “ ^ microscopic crystals mix^ with an 

l^lution of aiirie chloride to a goody 

phimicacid,NHWXrsXra„d tt "s^^iralr “ tiSlf deposiU the 
at first, which afterwards dissolves, anu contains an ammonio-aurous 

,i.ia. flO. 5“" »' 

SSiXr.St.w (». a.-.. »<«*-. /. m '■ 

Tw ^ Double vlatinwn stdphitm are obtai necl by passing sulphu- 

Piatxnnm is suspended, till the hydrate begins to 

reus oxide into water in whi^ l^^latimc y ^kalino sulphite, and then with 

dissolve rapidly. fn^fficieit quantity to produce an alkaline reaction. T^ 

d^bWrtSlen^Tl^i" 'rystollfoe p^recipitates. The .otaeeiunx «dt. 
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I 2(SO)"V 

K*SO* . (PtOy^SO* + H*0 or (PtO/' t + H*0, is somewhat soluble in water, and 

K* 

separates from the solution by slow efapotation in the pulverulent form ; thq greater 
part however is reduced and crystollises put as potassio-platiuous shlphite. The 
^pdwmsali, 2Na!Spf.(PtO)"SQ* + 2H*0 or 3(SOf .Na\PtO)".0» + 2H*0, is granulo- 
dlfytftldline, and ^«(?mewhat lighter in colour than the p<3tassium salt. The easily 
m>lnhH ami^nii>-^aHnum salt is decomposed by evaporation, leaving the phi^inous 
double saltc All thesie platinum double sulphites are decomposed by hydrochloric acid, 
with formation of platinpus and platinic chloride. Their solutions are reduced by 
hydrogen , sulphide, but "the platinum is not precipitated by hydrogen sulphide or 
Hmmoaihm Sttiphide except on addition of hydrochloric acid. With bariiim chloride 
they forfXi a. yellow precipitate soluble in acids, and containing all the platinum 
(Bimbauni) Ch. Pkarm. cxxxis. 164 ; Jahre^, 1866, p. 269). 

Potassio-platinous sulphite, + 211^0 = K®Pt"|^" 

obtained by passing sulphurous oxide in excess through a solution of potassium sulphite 
in which platinic hydrate is suspended^ The colourless solution yields the double salt 
on evaporation in stellate groups of needles moderately soluble in water. The solution 
added to sodium salts throws down the sodio-platinohs sulphite described by Litton a. 
Schnedermann (v. 549), the amount of water in which was found by Birnbaum to 
correspond to the formula 3Na^SO*.PtSO* + 3H?0. The "aTfimotiium salt, 

3(NH*)*SO*.PtSO* SII^O, is prepared like the potassium salt, which it resembles in 
form and solubility ; it is precipitated from its aqueous" solution by alcohol, and after- 
wards dissolves hut slowly in water. Its hydroclilorlc hcidt^olution mixed with alcohol 
and ammonia yields a precipitate of the salt described by Liebig {Cr/)ielin's Handbook, 
vi. 298), vrith an amount of water corresponding to the formula (NH*)'‘'SO’. PtSO^ + 
H*0. The aqueous solutions of all these salts give with barium chloride a white 
precipitate soluble in hydrochloric acid, and containing the whole of the platinum 
(Birnbaum, loo. oit.), 

"T (Cl ' 

Platinosochlorosulphurous Acid. compound is obtained, in combi- 

nation with sal-ammoniac, by adding ammonium platinochloride to concentrated aqueous 
sulphurous acid, warming the mixture on the water-bath, and replacing the sulphurous 
acid as it evaf^rates. On evaporating the resulting solution to the crystallising point, 
again mixing it with a slight excess of sulphurous acid, and leaving it to evaporuto 
over oil of vitriol and quick lime, a few crystals of ammonium platinosochloridc, 
2NH^Cl.PtCP, first separate, and then long orange-yellow needles of the compoiiud 
( Cl 

Ptjgo*^ .2NH^C1. By neutralising the solution with potassium carbonate, thccurrc- 
. ( Cl 

spending potassium salt, Pt < . 2NH^C1, is obtained in well-defined rhomhic 

crystals. The f^xnation of the chluroplatinosulphurous acid is rej^rcsented bytlio 
equation^^ w 

PtCF + = HCl + rtjgQjjj. 

The compound'PtClSO*!! . 2NH*C1 is likewise formed, and even with greater facility, 
by directly dissolving ammonium platinosoclilorido in tiqueous sulphurous acid. Jn 
like manner, by dissolving the same salt in a concentrated solution of neutrsil ammit- 
nium sulphite, a compound of ammonium platinosochlorosulphito with ammoiiiuui 

sulphite, I q- 3H*0, is obtained in light yellow crystals 

apparently belonging to the moiioclinic system. When potassium platinochloride is 
treated with excess of sulphurous acid, the yellow solution first deposits crystals ot 
potassium sulphate ; and on mixing tlie remaining liquid, which does not of itwit 
yield any crystallisable compound, with potassium chloride, well-defined rhombic 

crystals are obtained, consisting of the salt Pt JgQ 5 ^. 2 KCl. Lastly, by treating 

ammonium platinosochloride, 2NH*Cl.PtCl*, with iicid ammonium sulphite, both atoms 
of chlorine in the platinous chloride may be replaced by the univalent residue SO*H, 

and the compound Pt | gQs^ * 2NH^C1 + H*0 is obtained in largo colourless crystals, 

which give off their water at 100°, and half their sulphurous acid as H®SO* at 1 50^. 
The compound Pt(SO*H)* is doubtless a bibasic acid, but its salts have not yet been 
examlnea (Birnbaum, Zeitschr. f. Chem. [2] v. 504). 
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Vranio SHlphiita are obtained by pasaiag sulphutons oxide into water 

in which uranic hydrate is suspended till a clear solution is ob^ned { concentrating.^ 
this solution (which deposits uranic sulphite when heated), and mixing theilltratewith.') 
a strongly acid solution of potassium, sodium, or ammonium eulphite. The double 
salts then sepi^te for the most part, and completely at a gentle heat, as yellow^ 
crystalline precipitates, which must be quickly collected on a flltetrPVrfBad, and drie<i 
over Sulphuric acid and quick lime. When thus dried, they conti^^^txr 2 mo^ water, - 
which they do not give up below the temperature at which they wibompoee. 

h 3 ’pothetically anhydrous state they have the composition 1J*MHS0^ or (U^Q*y"iO^ 


ti joJSk ) 

[M « K, Na, or NH^]. The sodium salt is the only one that is moderaUly soluble iu 
water ; in aqueous sulphurous acid they dissolve more freely, the sodium ealt being 
the most, and the potassium salt the least soluble. The precipitate, commonly regarded 
as uranic sulphite, which is thrown down from umnic sjilts by ammonium sulphite Itt 
the boiling heat, appears to consist of ammonio-umnic sulphite (Scheller, Ann* Ch, 
Pharm. cxliv. 238). 

Ethylsuljihuro\i8 and Ether<fS7tfpkiirous A aids. G'n^SO'—Etfiyb 
sulphurous acid is the acid prtxluced by oxidising mercaptan or e thyl sulphoeyanaW 
with nitric acid (v. 663); otherosulphurous acid by the action of potash-ley on 
neutral ethyl sulphite a. a low temperature. The constitution of those two acids and 
their derivation from sulphuious acid are represented by Wurtss (Ami, Ch. Phpa* [4] 
xii. 494) as follows : v 


"HO— 

Sulphurous acid. 


cm^o— S— o-^oam» 

Ethyl sulphite. 


C’H*0— f?— 0— OH 

Ethylaulphurous 

acid. 


HO— S— 0— ocm* 

EtUerosulphurous 

acid. 


To prepare otherosulphurous acid, Warlitz (Ann. Ch. Pharm. cxliii. 72) adds potassium 
hydrate dissolved in 6 pts. of water, in successive quantities, to an equivalent quantity 
of neutral ethyl sulphite; loaves the mixture to itself for several days till the super- 
natant layer of ethyl sulphite has disappeared ; then saturates the liquid with carbonic 
acid ; evaporates it to dryness in a vacuum ; and troatf^ the residue while warm with 
alcohol of 90 p. c. The potassium salt of otherosulphurous acid which remains afUu* 
evaporating the alcoholic solution is pure after recrystailisation from absolute alcohol. 
It dissolves easily in water and in hot alcohol of 90 p. c., rather slowly in boiling 
absolute alcohol, and crystallises therefrom in soft scaled having a Satiny lustre. When 
recently prepared it is inodorous, but after some time it gives off the odour of ethyl 
sulphide, and the aqueous solution then contains a sulphate. Whop heated it carbo- 
nises more easily than the isomeric potassium ethyl sulphite, giving off vapours of 
volatile sulphur-compounds having a peculiar odour. Heated witl^ s^tig sulphuric 
acid, it decomposes at a temperature at which the ethyl sulphitelwlpeduft^ 
depositing drops of oil and omitting the odour of mercaptan. The ftljpiOjPre ium iodised 
starch-jpaper blue. Mixed with potassium cyanide it gives off the o^cmx^rbihyl cyanide, 
which 18 not the case with the ethyl sulphite (Warlitz). ; " 

According to Oraebe (Ann. Ch. Pharm. cxlvi. 37), the potassium salt of ethyl- 
sulphurous acid is produced by the action of ethyl iodide on potassium sulphite. 
This reaction— which is general with the chlorides and iodides of the alcohol -radicles 
—is represented by the equation : 

KI + C“H\SO»K. 


3. Sulpburlc Compounda« 

SunpiiUBic Acid and Akhydridb. Sulphuric anhydride heated to 109° 
with carbon tetrachloride forms pyrosulphuric chloride, S'-'O^Cl* (p. 1070). With 
chloroform it reacts at ordinary temperatures, yielding carbon monoxide, pyrosulphuric 
chloride, and sulphuric chlorhydrate ; similarly with bromine. When sulphuric 
anhydride and carbon bisulphide in nearly equivalent quantities are heated together 
on the water-bath, gas is given off, which, when freed from sulphurous anhydride and 
carbon bisulphide, consists of carbon oxysulphide (p. 406) ; the residue consists of 
pure sulphur (Armstrong, Dcut. ehem. Gee. Her. ii. 712 ; Zeitechr, f. Chem. f21 vi 
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m 670) informed directly by passing a series of induc- 
uctt^ of oxygen, nitrogen, and sulphurous oxide, and 
to TCsiel as a snowy crystalline mass (Marren, Ann] Ch 
4] iv. 800); ahfe by^^passinff a mixture of sulphurous oxide and nitrogea 
le through a strongly heatedflflass tube, or by passing sulphurous oxide over 
heat^ lead nitrate (Webe^, Pogg, Ann. cxxvii. 643). 

“ijatiptr^ sulphuric acid in the orfi nary leaden -chamber process is effected, 
|0 Weber,* chie^ by the oxidising action of nitrous acid (produced by 
^nitrogen dioxide or by decomposition of the tetroxide). Pure nitric acid 
_^,^|di8e sulphurous acid, excepting in presence of a considerable quantity of 
^•cid (Weber, loc, ciL ; also Jahresb. 1866, p. 127). 
yprtn^t {Dingl. pol. *71 clxxix. 63) proposes to replace the leaden chambers by a 
series of bottomless stone-ware vessels filled with coke and placed one above tlio 
other. Tardani a. Susini (Bull. 8oc. Chim. [2] viii. 295) have patented a process in 
which the burning of the sulphur and the oxidation of the sulphurous acid take place 
in condensed air, and small leaden chambers are used having a capacity of about 
8 pubib metres. ^ 



^l^ngel (Ckem, Boo. X [2] iv. 465) has invented an apparatus, consisting of a 
graduated gla^ |ube with a caoutchouc piston, for gauging the depth of liquid on the 
&k)r of chambera, and for withdrawing a sample of all the heterogeneous 

of liqtm “fbi? determining the mean specific gravity. 

The presence of sulphurous acid and of the lower oxides of nitrogen in ordinary 
sulphuric acid may be detected by half-filling a stoppered flask with it, and intro- 
ducing into the upper part of the vessel a strip of paper impregnated with iodine 
and starch, which, will be bleached if sulphurous acid is present, or a strip 
imprecated with potassium iodide and starch, which will bo turned blue if the liquid 
contains any of- the lower oxides of nitrogen. Both these impurities may bo detected 
together, unless the sulphurous acid is in great excess (R. Warington, Ohem. JSews, 
xvii. 75). 

The hea^i-capacitios of sulphuric acid and its hydrates have boon found by 
li. Pfaundler (*/. jpr, Chem, ci. 607) to be as follows: 


'Oi-'- ■ 




... SH^O* 

tt • 


V f KH»6‘.2H“0 


between 77® and 13® 


Heat-capacity 
. 0-3413 

98° 

16® 


. 0-3542 

.. 137» „ 

15® 


. 0-3740 

.. 75° „ 

14® 


. 0-4478 

.. 98° „ 

18® 


. 0-4627 

.. 70° „ 

14® 


. 0-4703 

98° „ 

16® 


. 0-4703 


Hence it appears: 1. That the heat-capacity increases with the proportion of water 
and with the temperature. — 2. That thp change of capacity with the temperature is 
greatest in pure hydrogen sulphate, and diminishes very quickly in the hydrates. 

Marignac showed some years (Ann. Ch. Phj/s. [3] xxxix. 184) that sulphuric 
acid of any strength (H’^SO^ + as well as 11*80* + xSO*) leaves when boiled 

down, not pure hydrogen sulphate, 1I*S0*, but a liquid having the composition 
or SO*. 1^11*0 ; and that the o^ly way of obtaining the pure compound 
li*SO* — besides direct combination of SO* and H*0 — is to expose oil of vitriol having 
BB nearly as possible this composition to a very low temperature, whereupon the 
pure compound H*SO* separates in crystals, the small excess of SO* or H*0 
remaining in the mother-liquor. The crystals melt at 10-5°, the liquid heated to 
30°-40'^ gives off vapours of SO*, and when boiled is soon reduced to H*SO*. AH=o 

In accordance with these results, it has been lately shown by Dittmar (Chem. ISoc. J. 
[2J vii. 446) that when sulphuric acid, containing 99*5 p. c. of H*S0‘ (prepared by 
mixing pure distilled bil of vitriol with the anhydride), is distilled under various 
pressures ranging from 3 to 314 centimetres of mercury, the residues are almost 
identical in composition with Marignac’s hydrate, H*S0^.^H*0; in other words, 
sulphuric acid, when boiled down under any pressure between these limits, behaves 
almost like a mixture of this stable hydrate with sulphuric anhydride. To account 
for this phenomenon, it is not, however, necessary to assume the existence of a stable 
molecule having the composition 1280*. 13H*0. It is known that hydrogen sulphate, 
H*S0*, in the state of vapour, consists chiefly, and above certain temperatures 
entirely, of isolated molecules of SO* and H*0 (ii. 817). Now it may be assumed 
that in liquid sulphuric acid, even at low temperatures, some of the molecules have 
already assumed the state of motion corresponding to a temperature beyond that of 
dissociation (i. 866 ; iii. 133). The higher the temperature, the greater will be the 
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ratio of the number of the dissociated molecules to thi^t The 

liberated molecules of H*0 and SO*, being forthed in tlie midiu|||^hiM8 of moleeules 
of H*SO‘, will*probably mostly unite with compamjdWly CofiESifolecules of H*SO* 
forming compounds represented by H*SO*.a?H''0 Mta respectiTely, 

Assummg now that the latter compounds are lestt^i^ble than liho former, it is easy to 
understand that in the distillation of sulphuric actdf the anhydride $0* (compavs^ witiii 
S0*.H*O) will predominate in the vapour, and in a greater degree^ the . 
temperature, i.e. the greater the presstire under which the. liquid 
afso Pfaundler {Zcitschr.f. Chem, [2] vi. 66). 

Sulphuric Chorhydbatb. HCISO* = SO* | — Williamtt 

this compound by distilling strong sulphuric acid with phosphoruB penti 
(v. 676). According to S. Williams {Cheni. Soc. J. [2] vii. 304), if an excess of sul- 
phuric acid is used in this pi^coss, only a small quantity of the chlorhydrate ia 
obtained. As soon as this is distilled off, sulphuric anhydride passes over, and after- 
wards, at a higher temperature, tabular crystals collect in the HPck of the retort, 
probably consisting of a definite hydrate of sulphuric acid. Afterwards sutehurio 
acid distils over, and metaphosphoric acid remains behind. In imither ^ $1^0 
distillates was phosphoric acid found after addition of water. Hence it folfowil^ that 
the nhosphorus oxychloride formed in the first instance (v. 676) a<^ on 

sulphuric acid in a manner which may bo represented by the equations ^ 

POCl* + H*SO* = PO*Cl + HCl + HCISO* 

and 

P0*C1 + H*SO* - HPO* + HCISO*. 



The greatest amount of sulphuric chlorhydrate is obtained when H mol. sulphurie 
acid are used to 1 mol. of the pontachloride, so as to ensure Complete decomposition 
of the oxychloride. In this case the entire reaction is : 

3H*SO* + PCI* = 2 nci + PHO* + 8HC180*. ‘ 

If a very large excess of sulphuric acid is used, no sulphuric chlorhydrat^is obtaitwj^ 
but hydrochloric acid in large quantity, and sulphuric anhydride, because NordhaiUHgnll^ 
sulphuric acid is formed by the action of the chlorhydrate on the sulphuric acid : ^ & 

HCISO* + H*S0« = HCl + H*S0KS0». 

The vapour-density of the chlorhydrate, referred to hydrogen, was found by Ihimai^^ . 
method at 216® to bo 32-857, which corresponds to a condensation to 84 volumes.* 
Hence it appears probable that tho compound when vaporised is resolvia into HCl 
and SO*. 

Dewar a. Cranston {Chem. 'News, xx. 174) prepare sulphuric chlorliydtate . J>y 
the direct action of hydrochloric acid gas on sulphuric acid containing a large 
of anhydride in solution ; the action is very rapid and tho temperature rises to 120®, 
The chlorhydrate heated to 100° in a sealed tube with carbon bistdphide, forms carbon 
oxyaulphide, hydrochloric acid, and sulphurous anhydride : 

CS* + HCISO* « HCl + SO* + CSO. 


Sulphuric chlorhydrjite acts violently on many organic compounds. With 1 mol. 
ethyl alcohol it forms a Jblack tarry mass, which becomes very hot in contact with 
water, and gives off a gas which attacks the mucous membranes. With 2 mol. 
alcohol, tho residue is a thickish liquid, from which water dissolves ethyl-sulphuric 
acid and separates oily neutral ethyl sulphate. With pure ethyl oxide, it likewise 
forms neutral ethyl sulphate. Heated to 140® with 1 J mol. acetic acid, it forms 
glycolsulphurous acid, C*H^SO*, With butyric acid it yields disulphopropiolic acid, 
0*H*S*0*. One mol. acetic anhydride and 2 mol. sulphuric chlorhydrate, heated to 160® 
in a stream of carbon dioxide, yield an acid, C*H*SO', whi<^, when separated from 
its lead salt and evaporated in a vacuum, remains as a deliquescent cryslallino mass 
insoluble in alcohol and ether. The lead salt, C*H^PbSO’, crystallises in white 
prisms (Baumstark, C% Pharm. cxl. 76; Jahresh. 1866, p, 284). The chlor- 
nydrate acts very strongly on ethyl iodide, forming ethylsulpWrous acid. With 
ethylene bromide it forms an acid having the composition . SO*H (Wroblevsky, 

Zeitechr. f, Chem, [2] v. 280). With benzene it forms sulphobenzeno, together with 
phenyl-sulphurous acid and phenyl-sulphurous chloride (Knapp, ibid, 41) ; 

SO*.HO.Cl + C*H* - C*H\SO*.OH + HCl or C*H*.SO».a -»• H *0 
Pheiiyl-salphuroaa Phenyl-snlphnrous 

acid. chloride. 

SO*. HO. a 2 C*H* « C*n»— so*— C*H* + H *0 + HCL 

Bulphobenzena, 
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Th« ooirespondiDg compound s^hwno cUorethylate, SO*Cl(OC*H»), iwoduced by 
direct eombination of SO* and was discovered by B. Williamson in 1357 

(v. 576), and haa lately been telber examined by Purgold (Com^. rend. Ixvii, 451 . 
Ann. Oh. Fharn^ csdik. 124), vrho seems to be quite unacquainted with Williamson’s 
experiments. It is a pun^nt, oily, strongly refracting liquid, having a sp. gr. of 
1*3790 at 0®; 1*3556 27®; 1*3240 at 61®. Expansion-coefficient 0*0006393 

between 0® and 27®, and 0*007156 between 27® and 61®. Heated to 100® with 
water in a sealed tube, it yields sulphuric acid, hydrochloric acid, ethyl iodide, and a 
little ethyl chloride ; with alcohol, a similar reaction, but the hydrochloric acid and 
the alcohol reproduce ethyl chloride. With a concentrated solution of sodium acetate, 
it yi^ds ethyl acetate, sodium sulphate, and free acetic acid : 

SO*C10C*H* + 2C*H»0(ONa) + H*0 « C*H*0(OC*H*) + SOW + 

HCl + C2H*0(OH). 

When liquid ethyl chloride is agitated with sulphuric anhydride in a sealed tube, 
, and the pr^uct is treated with water, an acid, C'‘*H*(OH)(OH)(SO*)*, is formed, the 
potassium salt’Uf which crystallises in beautiful white needles (Purgold). 

Chl^paul^hurity Anhytdride or Pyrosulphuric Chloride. S*0*C1*. — This 
compbi^d!, '#hich Bose obtained by the action of sulphuric anhydride on sulphur 
chloride, STO* (y* 571)1 ie likewise produced, together with phosgene, by dissolving tlie 
anhydride In of carbon tetrachloride, and heating the solution in the water- 

bath ; 

. 2SO* + COP = + CCPO. 

If the mbcture sulphtmc anhydride and carbon tetrachloride be heated to 100® with 
tha%roauefe’ treated with water, it yields hydrochloric acid, sulphobenzeno, 
plu^llisulj^urotts acid, and benzoic acid (Schutzonbergor, Zeitsckr. f. Ckem. [2] v, 

Pyrosuljghv^ chloride is also formed, together with sulphuric chlorhydrat© and 
carbon monoaroe, by the action of sulphuric anhydride on chloroform. It boils at 
^4®-148®. The corresponding bromide is obtained in like manner with bromoform 
■^^f^Lrmstrong, ZdUchr. f. Chem. [2] vi. 247). 

^BTAi.Lic SulPhatbs. Aluminium Sulphate. — On the preparation and 
teidting of this salt for technical purposes, see Fleck {J. pr. Ckem. xcix. 243 ; Bull. 
Soc. Chim. [2] viii. 39) ; Stein (Zeitechr. anal. Chem. v. 35) ; Giseke {Bingl. pol. J. 
clxxxiii, 43; BulL Soc. Chim. [2] vii. 361; Jahresb. 1866, pp. 788, 856; 1867, 

p. 010). 

Barium Sulphates. — The normal salt dissolves abundantly in hydrogen 
sulphate, H®SO^, at the boiling heat, especially when recently precipitated (100 pts. 
of the acid dissolve 11 to 12 pts. barium carbonate) ; the saturated solution does not 
. deposit anything on cooling, but on evaporation yields the normal salt in crystalline 
granules. At 100®, normal barium sulphate dissolves still more easily in the strong 
acid, the solution becoming turbid at a higher temperature and depositing a white 
powder. On digesting the acid at a somewhat higher temperature with excess of the 
normal salt, anhydrous acid barium sulphate^ BaH’^(SO‘)’^ or BaSO^ . 2H^SO^, crystallises 
out in delicate shining prisms. When the solution of the normal salt in strong 
sulphuric acid is exposed to moist air, it deposits the hydrated acid saltt BaH^(SO*)'‘' 
+ 2H®0, in slender soft asbCstos-like needled" (Schultz), • 

Bismuth Sulphates. — Bismuth-amr&anium Sulphate ^ Bi"'(NH^)(SO*)* + 4H’'0, 
is prepared by adding a strong solution of acid ammonium sulphate to a solution of 
169 pts, bismuth in 100 pts. nitric acid fS mol, of the acid ammonium sulphate to 
1 mol. bismuth nitrate), and separating tne crystalline precipitate from the mother- 
liquor by pressure between.fllter-]^per. It crystallises in six-sided tables, dissolves 
easily in hydrochloric and in nitric acid, less easily in strong sulphuric acid and 
in hot dilute acids. By prolonged digestion with cold acetic or dilute sulphuric 
acid it is resolved into acid ammonium sulphate and hismuth-kydrogen sulphate or acid 
bismuth sulphate^ Bi'"H(SO^)* + H*0, which latter partly dissolves and separates 
from the solution on warming in microscopic needles, partly remains as an insoluble 
residue. Both this salt and the ammonium double salt are decomposed by prolonged 
boiling with water, leaving the monoacid salt SO*.Bi*, 0*, or bismuth oxysvlphatSt 

Bl J Q^. 

BiSmuth-sodium sulphatCf prepared like the ammonium salt, separates immediately 
as a crystalline precipitate made up of groups of microscopic needles. Its compo^ 
tion, neglecting a small and variable amount of water, is approximately representea 
by the formula Bi^Na*(80^)*, and differs tlierefore both from that of the ammonium 
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Balt» and from that of the potassium Balt» BiK*(SO^)* (Lhdde^e» Ann, Vh, PMtrm* 
277). ^ , 

A teiramnumio-cadmtum ^phate, SO<Cd.4NH*, ii obtained by mixing cadmium 
sulphate with a quantity of strong ammonia suffleient to recBMolve the precipitate 
first pi^uced, then ^ding a double volume of absolute alcohol containing ammonia, 
and agitating. A thick liquid then separates, which, after being shaken with the 
supernatant solution, solidifies in a few days to a crystalline powder. On separating 
iliis powder from the liquid, redissolving it in strong aqueous ammbnia, and covering 
the solution, with ammoniacal alcohol, the salt SO^Cd.4NH* + 0H*O is deposited 
in a few days in short hexagonal prisms with predominant perpendicular end^face, 
sometimes also with a di-liexahedron of another order ; cloavable parallel to tlie 
perpendicular end-face. They give off ammonia, and crumble to a white powder on 
exposure to the air, dissolve easily in ammonia and in hydrochloric acia, and are 
decomposed Jby water, with separation of a flocculont gelatinous precipitate, while 
ammonium sulphate passes into solution (G. Muller, Ann, Ch. Pharm, exUx. 70). 

Calcium Sulphates. — Pulverised gypsum heated with water in sealed tubes to 
140®-160® is converted into a coherent crystalline mMS of the saH 2CaS0*.JI'^0, 
which is not altered by prolonged heating, but is reconverti^ intb gypsum cold. 

If the water be replaced by a saturated solution of sodium chloride (by enclosing 
pieces of rock-salt in the tube) the gypsum crystals are converted at 1215^-130® into 
. a milk-white porcelaiu-liko mass, consisting of interlaced crystals of anhydrite, whicb 
is also reconverted into gypsum in the cold. At compamtively high temperatures, 
.therefore, solution of sodium chloride (and calcium chlorj,!^ more slowly) withdraws 
water from ^psum, but at ordinary temperaUiroa anhydrite taskes Water fVem a solu- 
tion of sodium chloride. Consequently gypsum dehydrated at l26° liardens in 
.contact with solution of sodium chhtride. Tliis rca<;|ion may perhaps lML|^in;.ti^ 
occurrence of masses of anhydrite in beds of rock-salt (Hoppe-Seymr, 
cxxvii. 161). When an aqueous solution of gypsum and magASfeium vbicarboi^iiAb ia 
evaporated, the calcium sulphate, in consequence of the decomposition!^ the latter, is 
likowido decomposed, forming calcium airbonatc and magoesium sulphate, how* 
over, the evaporation takes place at ordinary temperatures in an atmosphere contail^g > . 
carhouic acid, the calcium sulphate crystallises from such solutions without 
This may account for the association of gypsum with dolomite (T. S. Hunt, 

Chim. [2] viii. 181). From experiments with pure native gypsum, Church (t^." iat, 
308) finds that 1 pt. of CaS0^2H20 dissolves in 443 pts. water at 137°, in 447 pts* 
at 14'2®, in 421 pts. at 20*2“^, in 419 pts. at 21*2°, and at 18'7° in 445 pts. water 
saturated with airbonic ivcid. — Boiling concentrated sulphuric acid dissolves about ten 
times its weight of normal calcium sulphate, and the solution when evaporated, first 
yields granular anhydrous crystals of the normal salt, and afterwartls solidifies to a 
mas.s of flat silky prisms of the salt CaH"(SO*)* or CaSO^. 3IHSOh This salt meltA 
at a little above 100° to a white pasty magma, probably with formation of the acid 
salt described by Berzelius (Schultz, Pogg. Ann. cxxxiii. 137). 

Cohalt Sulphate. — When a concentrated solution of this salt is gradually poured 
into ordinary sulphuric acid, a poach-WosBom-colourexl pulverulent precipitate soon 
separates, having the composition CoSO^.iH'-'O (Frbhde, J. pr. Chem. xeix. 63). 

Copper Sulphates. — On the solubility of normal cupric sulphate in water, see 
Diacon {Jahresb. 1866, p. 63); Oerlach (thtd. 129). On its efflorescence: Pape {ibid. 
1867, p. 2). On the refracting power of its solution : Fouqu6 {ibid. 97). 

Normal cupric sulphate dissolves but sparingly in boiling concentrated sulphuric 
Mid, and crystallises out again on evaporation or on cooling, as anhydrous salt. 
From a solution not saturated at the boiling heat, an acid salt appeai-s to separate on 
cooling (Scliultz). i 

Pasw Salts. — According to Reindel {JT. pr. Chem. c. 1), the pale green basic salt 
precipitated by the potash from excess of cupric sulphate at the boiling heat or at 
40°-50° has the composition 7Cu0.2S0* + 7H^O or 2Cu5SO<.5CuO + 7H*0. 
The same salt is formed when potassio-cupric sulphate is repeatedly washed with hot 
w^ter ; also by digesting cupric oxide precipitated at the boiling heat with a solution 
of cupric sulphate : the oxifle prepared by igniting the nitmte remains unaltered when 
thus treated. The blue-green precipitate is not attacke<i by boiling water or by boiling 
Bohitions of cupric sulphate; but it dissolves easily in acids and is converted by 
potash into the black hydrate 3CuO.H*0. It does not lose water at 100°, but is 
converted at 150° into the pontahydrate 2CuS0^5Cu0 + 611*0, and decomposes at 
a higher tem^rature, leaving a residue from which boiling water extracts the normal 
salt. The blue-green precipitate thrown down from excess of cupric sulphate by 
ammonia at the boiling heat has, according to Reindel, the composition 6Cu0.2SO* 

+ 6H*0 or 2(CuSO*.2CuO).5IPO. It remains unaltered at 260°, but decomposes 
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at a higher temperature, like the preceding salt. Sodium carbonate under the sa 
ciivumstances throws down a pale green sulphate consisting of SCuO.SO* + 
CuSO*.2C?uO + 2'H.^O. This compound, which remains unaltered up to 27(p*^ 
appears to be likewise produced by prolonged boiling of zinc oxide with a solution of 
cupric sulphate. None^ of those basic salts give up the whole of their sulphuric acid 
even on prolonged ignition. 

Indium Sulphate. — See Indium (p. 732). 

Iron Sulphates.-— On the specific gravity of solutions of ferrous sulphate see 
Gerlach 1866, p. 128). F. Muck {J. pr. Chem. xcix. 103; Jhhresb, 1866 

p. 241) has examined the alterations which take place in solutions of ferrous sulphate 
on exposure to the air. He finds that in the earlier stages of the oxidation the 
solution contains normal ferric sulphate, Fe^O* . 3SO>, and even free sulphuric acid, 
but ultimately the basic salt Fe'-'O* . 2SO*, distinguished by its deep brown-red colour! 
At the same time the deposit becomes progressively richer in acid, without, however 
attaining the composition 2Fe20* , 3SO*, assigned to it by Wittstein (v. 595). The 
products of the oxidation vary with the continually changing composition of the 
solution, and cannot therefore be reduced to any simple expression. The basic 
ferric sulphates occurring as natural products are partly precipitates of this kind, 
partly dried-up mother-liquors. 

Lead Sulphates. — According to Boussingault rend. Ixiv. 1159) normal 

lead sulphate is completely resolved at a white heat into PbO and SO*. According to 
Rodwell {Chem. News^ xv. 137), the same salt heated to redness in a current of dry 
ammonia gas is decomposed in the manner represented by the equation : 

7PbSO* 4- 20NH* « 3PbS + 2Pb2S + 22H20 + 2(NH<)2SO* + 8N* 

100 pts. o:^ strong sulphuric acid dissolve about 6 pts. of normal lead sulphate, and a 
hot-saturated solution left to cool deposits the same salt in shining laminfe; but by 
slow evaporation in moist air a hydrated acid salt, PbH^(SO*)* -t- H‘^0, is obtained 
(Schultz). 

Lithium Su^Hj^df^s . — On the crystalline forms of normal lithium sulphate, 
lithio^tassic an^Bthio-sodic sulphate, see Lithium (p. 792). Acid lithium sulphate ^ 
liiHSO*, crystallises in prisms from a solution of the normal salt in sulphuric acid 
of sp. gp. 1*6 to 1*7 (from more dilute acid, the normal salt separates again). The 
acid salt melts at 160° (Schultz), 

^ Magnesium Sulphates. — The extraction of the normal salt from the mother- 
liquors of the salt-gardens at Camargue is described by Balard {Bull, Soc. d' Encotirage- 
ment, 1865, xii. ; J. Pharm. [4] iii. 179; Jahresh. 1866, p. 847). On the preparation 
of this salt, see also Mirus {N. Jahrb. Pharm. xxvii. 92) and Swindells (Chem. News, 
XV. 178). It dissolves but slightly in boiling hydrogen sulphate, IPSO* (2 pts. in 
100 pts. of the acid), more abundantly in acid of sp. gr. 1'7, and this solution when 
cooleil or further evaporated at the boiling heat, deposits the acid salt, MglP(SO')^ or 
MgSO*.H*SO*, in prisms differing by their infusibility from the following salt. The 
triacid salt., MgH®(SO*)* or MgSO*. 3H^SO^, crystallises on cooling from a solution of 
the normal salt in boiling hydrogen sulphate, in small shining tables which partly 
melt and decompose when heated (Schultz). 

Manganous Sulphates, — The normal salt dissolves in about 20 pts. of boiling 
hydrogen sulphate, and the solution on beginning to cool deposits the add salt, 
MnH*(SO*)*, in asbestiform prisms, which do not melt when heated ; they are 
generally, however, mixi^ with the hexhydromanganous salt, MnH®(SO*)*, which 
separates from the same solution below 100° in small crystalline laminae melting 
with decomposition when heated. Sulphuric acid of sp. gr. 1*6 dissolves the normal 
salt more readily when heaf^, and the solution on cooling deposits the hydrated acid 
salt, MnH*(SO^)* + H*0, in nacreous laminae. 

Potassium Sulphates. — On the solubility of the normal salt, see Jahresh. 1866, 
pp. 59, 67. The tringdropotassic or hyperadd salt, KH*(SO*)* or KHSOLH^SO*, is 
formed by fusing the normal salt with less than 3 mol. nydrogen sulphate: the 
mixture solidifies after a while to a crystalline cake, consisting for the most part of 
this hyperacid salt. It is obtained in isolated crystals when the solution of the 
normal salt in less than 5 mol. hydrogen sulphate is made to crystallise by introducing 
into it a granule of the solidified mass. It crystallises in long shining prisms melting 
at about 95°. It does not solidify from fusion even when cooled to a low tempera- 
ture, but it solidifies, with considerable rise of temperature, when brought in contact 
with a crystal of the solid hyperacid salt, but not by conteu^t with a crystal of the 
normal or acid salt (Schultz). 
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Silver Sulphates. — The Oi^id salt, or hydro-argentic AgH^O^crystallisea 

in faintly yellowish prisms from a solution of the normal salt in less than three parts 
of hydrogen sulphate. A solution of the normal salt in 8 or 10 pts, acid of sp. gr. 
16 tojl'7 yields trihydro-argentic sulphate, AgH*^SO^)* 4- in prisms. Larger 

crystafs of this salt are obtained by dissolving the normal salt in 6 to 10 pts. 
hydrogen sulphate, and leaving the solution to become diluted by exposure to moist 
air. The salt begins to melt at 100°, becomes perfectly fluid at 150®, and solidifies on 
cooling to a broadly laminar crystalline mass, gradually changing into small, flat, 
shining prisms. A warm solution of the normal salt in only 4 to 6 pts. of acid of 
sp. gr. 1*75 deposits on cooling the heschydro-ictrargentic salt, Ag^H*(SO^)* + 2H*0, 
in nacreous lamin®. Other silver sulphates appear also to separate from variously 
concentrated solutions in sulphuric acid, but their preparation does not always succeed. 
The normal salt, Ag*SOb likewise crystallises in yellowish rhombic octohodrons from 
a cooled solution in somewhat diluted sulphuric acid, or in the more concentrated acid 
when the liquid is left to absorb water gradually from the air (Schultz). 

Trihydro- sodic Sulphate, NaIl*(SO*)*, crystallises on cooling from a hot- 
prepared solution of the normal sodium salt in less than 7 pts. of hydrogen sulphate; 
it resembles the corresponding potassium salt, and melts at about 100°. 

Strontium Sulphates. — According to Boussingault {Jakresb. 1867, p. 161) the 
normal salt is decomposed at a full white heat into SrO and SO*. According to Darm- 
stadt (ibid. 162) it is partially decomposed at lower temperatures. An earthy mineral 
containing 86 p. c. of this salt (together with lime, magnesia, clay, &c.) occurs in 
Upper Silesia, whore it is used as a manure, like gypsum (Lunge, Chem. News, xv, 
218). The anhydrous acid salt and the hydrated acid salt, SrH®(SO*)''* + H*0, are 
prepared like the corresponding barium salts (Schultz). 

Thallium Sulphates. — The normal thallious salt, TPSO**, may be fused without 
alteration in a covered crucible at tlio volatilising temperature of common salt; heated 
in an open vessel, or by the blowpipe-flame, it is decomposed, with evolution of sul- 
phurous oxide and formation of tliallic oxide, TPO*. Ignited in|i current of hydrogen, 
it melts, blackens, gives off sulphur, and finally leaves a mixture oi(,Dietallic thallium, 
thallium sulphide, and thallious sulphate. An acid salt is precipitated by water ftx)m 
a solution of thallium in strong sulphuric acid, as an amorphous powder, the aqueous 
solution of which first yields crystals of the normal salt, and afterwards thick short 
prisms of the acid salt (Carstanjen, Jahresh. 1867, p. 279). 

Titanium Sulphates. — See Titanium. 

Zinc Sulphates. — According to Rcindol (Zcz^A’c^r. f. Chem. [2] v. 608) the pre- 
cipitate formed by boiling zinc wilphate wdth ammonia has, when washed with water 
and dried over oil of vitriol, the composition 8ZnO . 1611*0. ,SO* ; at 110°, 
RZn0.7lUO.SO* ; at 200°, 8Zn0.6lPO.SO* ; at 250°, 8ZnO . IPO . SO*. This last 
salt yielded to cold water considerable (quantities of the normal sulphate, ZnO.SO*. 
It does not appear, however, to be a mixture of normal sulphate and zinc liydmto ; 
for even afte** washing for six weeks with hot water it did not yield a residue free 
from sulphuric acid. The basic salt remaining after this treatment had when dried 
at 100° the composition 9ZnO. 1211*0.80*. 

An ammonincal zinc sulphate, SO*Zn.4NIl* + 2IPO, prepared like the corre- 
sponding cadmium salt (p. 1071), separates as a syrup which gradually changes to a 
crystalline powder. At a winU^r temperature the solution yields crystals of another 
hydrate, SO^Zn.4NH* -f 4l£'‘*0, which effloresce in the cold to a white powder, with 
continual evolution of ammonia, and deliquesce on the sligh^t rise of temperature 
(G. Muller, Zeitschr. f. Chem. [2] v, 250 ; vi. 96). 

X^ilosulpliurlc JLcld. 1I**S'*0* =* — This is the acid opmmonly called 

hyposulphurous acid, produced by sulphuration of sulphurous acid, just as sulphuric 
acid is formed by oxidation of the latter. By some chemists, however, as already 
stated (v. 630), it has been represented by the simpler formula H*SO*, and regarded 
^ a monobasic acid analogous to formic acid, H^CO*, this view being based partly on 
its supposed formation by the reducing action of zinc, Bo<lium, and other metals on 
sulphurous acid, partly on a statement of Iloso that all hyposulphites contain water, 
which appears to be essential their constitution, since it cannot be driven off without 
further decomposition ; and, such being the case, the ordinary formula of a hypo- 
sulphite admits of being halved: e.g. Na^S^O’.IUO » Na*H*SO< a* 2NaHSO*'. 
Pape, however, showed in 1861 that the load salt of this acid contains no water of 
crystallisation, and when dried at. 100° has the com{x>Hition PbS*0*; moreover that 
potassium, sodium, and barium salts give off their water at about 215°, and decom- 
pose with separation of sulphur between 220° and 225°. These experiments of Pfifm 
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do not appear to have been much noticed, and the representation of the acid i 
question by the formula H*SO’ was advomed by Bupr^ in 186T {Chem, Soc. J, ro^ 
V. 295), and in 1869 by Odling {ibid, vii. ISO), the latter of whom regards it as a 

hydracid having the constitution This view was suggested by the observa- 

tion of Stokes {ibid. 174) that the fluorescence of quinine solutions is affected by 
hyposulphurous acid in the same manner as by hydrochloric acid and other hydracids 
(p. 786). On the other hand, Schorlemmer {ibid. 264), in recalling attention to the 
observations of Pape, has further pointed out that the tendency of the so-called 
hyposulphurous acid to split up into sulphurous acid and sulphur is most readily 
explained by supposing that its molecule contains two atoms of sulphur. In many 
of its reactions, indeed, it splits up in such a manner that the atom of sulphur pre- 
viously contained in the sulphurous oxide remains in the oxidised state, whilst tlie 
other atom separates as free sulphur or as a sulphide ; thus : 

+ 2IIC1 = 2NaCl -f II^O + SO^ + S. 

Ag2S'-03 + 1120 - Ag^S + H2S0<. 

Na^S^O^ -f U'^O + Ug2(N0=»)* = 2HN0’ + Hg^S + Na^SO^ 

The question may now be regarded as completely sot at rest by Schiitzenbcrger’s 
recent discovery (p. 1063) that the acid II^SO’^ produced by the action of zinc on 
sulphurous acid, is totally different from the acid produced by sulpliuration of 
sulphurous acid. Schutzonberger calls his acid hydromlfhurous acid ; but it is more 
consistent with analogy to designate it as hyposulphurous arid, and the acid produced 
by sulphuration of sulphurous acid as thhsul phuric acid, Tlie formula for 

the latter, is further corroborated by the existence of a select io-sul phuric acid, pre- 
sently to be described. Thoso acids, together with sulphurous and sulphuric acid, 
form tlio following series : 


Hyposulphurous acid 

II2SO-’ 

— ^ SO* 

iSulphurous acid 


— ^ SO* 

Sulphuric acid 

IPSO* 


Thiosulphuric acid 

H^SSO* 


Selenio-sulplmric acid . 

H'-’SeSO^ 

= uo 


Test for Thiostdphttric Acid. — The smallest trace of a soluble thiosulphate may l>o 
detected by addition of ruthenium salt. When a solution of ruthenium rendered 
alkaline by ammonia is boiled with so<lium thiosulphate, it gradufdly assumes a red 
colour, passing into a rich carmine; strong solutions become almost black; with only 
of thiosulphate a rose-red colour is produced, and with 25^0 ^ pale-red colour. 
Conversely, a solution of sodium thiosulphate may bo used as a test for ruthcDiuni 
(Carey Lea, Sill. Am. J. [2] xliv, 222 ; Chem. Centr. 1870, p. 47). 

Metallic Thio sill phates. — Sodium thiosulphate is recommended by Frbhdo 
{Zeiischr. f, Chem. [2] ii. 543; Zeiisekr. anal. Chem. v. 160; Jahresb. 1866, pp. 
157, 765): 1. For the preparation of all metallic compounds which arc usually 
obtained by fusion with an alkaline carbonate and sulphur. — 2. As a reagent in 
various analytical processes, especially for the analysis of ferro- and ferri-cyanido.s 
(v. 631) ; for the separation of metals of the arsenic group from thoso of the lend 
group, the former being thereby converted into soluble sulphur-salts, while the latter 
remain insoluble in water; for the separation of the heavy metals from phosphoric 
acid, and of ferric oxide from alumina (as reconryii ended long ago by Chancel, i. 155).^ — 
3. As a blowpipe reagent for the detection of the heavy metals. When heated witli 
certain meti\llic salts it first produces peculiar colours (manganous salts being 
decolorised, cobalt salts coloured blue-green, molybdates brown-red, chromates f^ecn), 
afterwards the characteristic colour of the metallic sulphide, which disappears in the 
oxidising flame, and reappears on renewed addition of thiosulphate. Frohde has 
also described a general course of quantitjitive analysis of insoluble compounds, con- 
sisting essentially in heating the dry substance with thiosulphate of sodium, barium, 
or ammoniuna, whereby the heavy metals are converted into sulphides, and the alka- 
line earths into sulphates. 

Popper Salt. — When a solution of cuprous chloride in sodium thiosulphate is left 
to itself for six or eight days, then filtered from the precipitated copper sulphide, and 
mixed with excess of ammonia, the liquid becomes colourless, and glassy violet 
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rhombic crystals are formed, a farther quantity of which is obtained on adding 
ammonia to the mother-liquor. They are nearly insoluble in cold water, and are 
decomposed by hot water, with evolution of ammonia and separation of broWn flocks 
and a specular deposit on the glass ; the cooled filtrate mixed with ammonia again 
yields blue crystals. These crystals have the com|wsition N^H‘®Na*Cu*S"0'*, 
Heated with potash-ley they yield a precipitate consisting of a cuproso-cupric 
h3'drat6, consisting when air-dried of Cu*0*.2H®0, and after drying in a vacuum 
ofCu>0*.H*0; 

N<H‘*Na<Cu»S«0** + 4KHO = 4NaKS‘^0* + 4Nn* + Cu»H^O* 

Blue salt Sodio-potasaic 

tliioaulpliato 

(Siewert, Bull. Soo. Chim. [2] vii. 212; Jahrcsh. 1866, p. 256). Compare v. 633. 

Sodio-platinous Thiosulphate, Na*Pt"(S'‘*0*)^ + lOH'^O, is obtained by adding 

pulverised crystals of ammonium platinosochhirido to a concentrated solution of 
sodium thiosulphate, mixing the yellow liquid with twice or throe times its volume of 
absolute alcohol, separating the heavy oily layer, which gradually solidifies to a 
crystalline mass, from the colourless liquid, dissolving it in a small quantity of water, 
and roprecipitating with alcohol, biking care to leave a portion of the salt in solution. 
By a third precipibitioii from the aqueous solution, and washing with absolute alcohol, 
the salt is obtained nearly pure. After drying over oil of vitriol, it forms a compact, 
yellow, partly brownish mass, which docs not exhibit distinct cr^’stals under the 
microscope. It dissolves easily in w’.ater. The solution is not altered by caustic 
potash or soda even at the boiling heat, slowly by hydrochloric acid in the cold, 
quickly when heated, with evolution of sulplnirous oxide and precipitation of platinum 
sulphide. Hj'drogen sulphide does not precipitate the platinum, either from the 
neutral or from the cold acidulatetl solution. The same double salt appears to bo 
formed by dissolving ammonium platiiiochlorido in sodium thiosulphate, but it cannot 
1)0 isolated in this manner on account of the great insUibility of the resulting solution 
(Schett lander, Ann. Ch. Pharm. cxl. 200). Its composition affords further and 
decisive confirmation of the bibasic character of thiosulj)huric acid. 

6. Selet&iosiUpliurio ilcid. U'-'SeSO* = |S0^ BelcniohyposulphurouB Acid* 

Scleniodithionous Acid. — This acid, formed by addition of selenium to sulphurous acid, 
was first obtained as a potassium salt l)y (Uoez (Bull. Sov. Chim. Dec. 13, 1861), and 
further examined by Kathko (./. pr. Chem. xcv. i. ; Jahresh, 186«5, p. 144). When 
selenium is digested \vith a solution of neutral potassium sulphite, and the easily 
decomposiblo liquid, after being filtered from the selenium which separates on cooling 
and dilution with water, is left to evaporate at ordinary temperatures, tliero crystal- 
lises out, first a sparingly solul>lc seloniforoiis salt in small shining prisms, afterwards 
a much more soluble salt, which is the chief product of the reaction, while the excess of 
sulphite remains in the mother-liquor. 

The more soluble seleiiiferous salt is potassium scdeniosulphato, K*SeSO*. It is like- 
wise formed, together with thiosulphate, when a solution of potassium solenide is mixed 
with sulphurous acid. It crystallises readily, even from small quantities of solution, 
in large very thin six-sided tables belonging to the rhombic system, which deliquesce 
in moist air, and effloresce with partial loss of water over oil of vitriol. When heated 
they turn brown and j'ield a poi^-siilphido of pobissium. Water separates selenium 
from them, and the filtered solution yields by evaporation crystals which again react 
in the same way with water, so that by repeated crystallisation the whole of the solenio- 
sulphnte may be decomposed ; the liquid then contains seleniotritliioriate. Acids, even 
sulphurous acid, throw down the M’holo of the selenium from the aqueous solution ; 
barium chloride and haryta-watcr precipitate barium sulphite and selenium ; calcium 
and manganese salts give rise to a similar decomposition. With ammoniacal siluer 
solution t\\Q seleniosulphate forms a precipitate of silver selenide together with potas- 
sium sulphate : 

K*SoSO» + Ag^O « Ag»Se + K*SO«. 

A neutral silver solution dccomjxises part of the acid at the same time into selenium 
and sulphurous acid. Mercuric cyanide at tlio boiling heat forms mercuric selenide 
and TK>tassium sulphate ; neutral cadmium solutions throw down white sparingly 
soluble cadmium seleniosulphate, which is resoIvtKi by heat into cadmium selenide and 
sulphuric acid. By digestion with recently procipiUited silver sulphide,, the selenio- 
Bulphato is easily and completely resolved into silver selenide andpotassium thiosulphate. 
Iodine throws down selenium, which is oxidiscil b^' the excess of iodine. Ferric efUpride 
throws down selenium, together with a brown precipitate cfjutiiining iron. 

3/2 
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The sulphites of sodium, ammonium, and magnesium react with selenium in the same 
manner as the potassium salt, the magnesium salt however very slowly. The seleaio- 
sulphates of sodium and ammonium are very unstable (Rathke). 

6. nitliloiilo Acid. — According to Otto (Ann. C/i. PAarm. cxlvii. 187) this 

acid is reduced by nascent hydrogen (either by prolonged contact of tlie solution of its 
barium salt with sodium-amalgam, or by the action of zinc and hydrochloric acid) to 
sulphurous acid, even when the mixture is cooled to 0°. On the crystalline form of 
lithium dithionate^ see Lithium Sahts (p. 792). 

7. Trltlilonlc Acid. H^S^O" (v. 639). — According to Saintpicrre (Bull. Soc. Chim. 
[2 j v. 246) the formation of this acid by Langlois’ method (digesting acid potassium 
sulphite with sulphur) depends, not on the action of the free sulphur and of the oxygen 
of the air, but upon the resolution of the sulphurous acid into sulphur, sulphuric acid, 
and trithionic acid : 

10KHSO“ =- 5K‘SO* -4- U"S«0“ + 

A dilute solution of acid potassium sulphite enclosed in a sealed tube and first heated 
in the water-bath, then left to itself for four years, was found to have deposited 
sulphur and to contain sulphuric and trithionic acids, but no sulphurous acid or any 
other oxygen-acid of sulphur. Langlois, on the other hand, without questioning the 
results obtained by Saintpierro with dilute solutions, calls attention to the fact that in 
his own mode of preparation, which supposes the use of a saturated solution of poPis- 
sium sulphite containing crystals in excess, the sulphur certainly takes part in the 
reaction, inasmuch as the liquid soon acquires a yellowish colour, which it docs not lose 
till the acid sulphite is wholly converted into trithionate ; sulphuric acid is not fonned 
in any considerable quantity. Langlois regards it as most probable that the sulphur 
first converts the sulphite into thiosulphate, and that this salt is then converted into 
trithionate, according to the equation : 

2K2S20* + 3S02 = 2K2S308 + S. 

Selenio trithionic Acid. H^S^SeO* (Rathke, J. pr. Chcin, xcv. 1 ; Jahresh. 1865, 
p. 146). — The potassium salt of this acid is the less soluble of the two salts, formed, 
as already mentioned (p. 1076), by digesting selenium with neutral potassium sulphite. 
It is obtained in greatest quantity, but conbiminated with 6 to 11 p. c. potassium 
sulphate, when the solution contains a certain quantity of acid potassium sulphite. It 
is also formed (like the trithionate) by digesting selenium with a solution of acid 
potassium sulphite at 60® to 60®, but only in small quantity, as it is easily decomposed 
by heat into selenium, sulphurous acid, and neutral pota.ssiuin sulphite. It is moreover 
produced by evaporating a solution of seleniosulphato and acid sulphite of potassium 
(the thiosulphate formed at the same time may give rise to trithionate), and even 
crystallises in small quantity from neutral or alkaline solutions of selenium in sulphites, 
inasmuch as a certain quantity of acid sulphite is produced by the action of atmospheric 
carbonic acid. On the other hand, it is not formed by the action of free sulphurous 
acid on potai^sium seleniosulphato, or of selenious acid on the thiosulphate (in the latter 
case selenium and sulphur are separated, and potassium trithionate is formed on 
evaporation). The seleniotrithionate is obtained in greatest purity by mixing a 
solution of the thiosulphate containing oxcess-of neutral sulphite with a concentrated 
solution of selenious acid. The liquid then becomes warm, and immediately yields a 
precipitate consisting of slender needles, which increases on cooling, and may be freed 
by washing with cold water from all but traces of foreign salts. 

The seleniotrithionate obtained by the first process forms very thin prisms 
having a vitreous lustre and permanent in the air. It is anhydrous, forms a clear 
solution in water, but decomposes in solution in course of time, partly into potassium 
dithionate and free selenium (which explains the mode of formation of the dithionate 
mentioned in vol. v. p. 637), partly into selenium, potxnRsium sulphate, and free sul- 
phurous acid, the latter mode of decomposition taking place chiefly when heat is applied, 
or on evaporation in a vacuum over oil of vitriol. Acids do not precipitate the solut ion 
in the cold ; but at the boiling heat they precipitate selenium and eliminate sulphurous 
iMsid. The pure seleniotrithionate does not yield a precipitate with sulphurotts acid or 
barium chloride^ whereby it is distinguisliea from the seleniosulphate. Heated with 
ammoniacad silver solution it is decomposed in the manner shown by the equation ; 

K«S’SeO« + Ag*0 = Ag*Se + K’-^SO^ + SO*. 

With mercuric cyanide under similar circumstances it yields mercuric selenide 
(Rathke). 
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aid tie W ^ss^wCwX (K. Schn«der. P^- “-v.. 

46o“ in light Bteel-grey 

obtained as a steel-srey 

mass made up of small crystals. „, ^ K’S.3(Cu*y'S.2CuS, forms shining 

their su p >^tl (Cu-)"SCnS, forms grey-blue neidles, quickly docom- 

7.^ !■;,"■“■“»• SSwlT™ ,hi.i.« .~ii~. 

74.TX?;/dS 



te, 5b prcv:iiM 1*1.1111 . , 

S 7 ,tn,““u iSS aw™" -i»iv.l." '■■'"■»■ *"'■ "■“ ‘'” '"•“ 

tsTkos place as roprosoutod by the equation . 

Na^Fo-Fo-’S' + tAgNO> = Ag<Fo''S< -H Fe"(NO’)’ + 2NaNO>. 
mi salt Ac'Fe'iS' is bhifk .au<I crystalline, is attacked only by concentrated 

sistnig of ferrous sulphide by fusing 10-2t'i 

manner. 

iarge reddish e^y«tn>«' “ “P .^- ° Sfvd^ In‘^J^l”o with evolution o, 

H’Pt*Pt''S«. The hydrogen is however quickly oxpolleil, and an 

with a portion of the > o it is stetd-CTeY crysUllino, and has a sp. gi 

noso-mlphoplatinate, Na^Vri'bS*. is exactly analogous to the potassium salt. 

rotat>io-platinou» Sulpkostannale, K’-Ff.Sn''S«. is f ^tin^, by fusmg 2 pts^ Pjntin^^^ 

hydrogen, and when treated with dilute hydrochloric or acetic acid gives up all 
potassium, and is converted into U'Pt>Sn-’S'. This latter compound oxidises in tl 

tiiv^Aed by^red^rystals is obtainod, which cannot be washed with water containu 
sulpWde, Pt§’. When vashed with de-aerated water and treated with silver Ultra 
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they yield a grey mass consisting of argento-platinous sulpho&tannatc, Ag<Pt2Sn‘’'S'' 
which is permanent in the air, is not decomposed by hydrochloric acid, but easily hy 
nitric or nitromuriatic acid. The rod sodium salt treated with thallious sulphuto 

yields thalUo-platinous sulphostannate^ TPPt2Sn‘’'S«. The sodium may also bo 
replaced by various bivalent metals, as iron, manganese, cadmium, copper, lead 
and mercury. ’ ’ 

STSSriTS. Tor analyses of this rock from various localities, see Jahresb. 18G7 
pp. 1020, 1028. 

STRZnrO.A. Analyses of the ash of the leaves and flowers of the lilac {Syrinqa 
vulgaris) hiiYo been published by Wittstein {Vierteljahrsschr, pr. Pharni. xvi. 81): 
A. Leaves of the white-flowered variety: amount of asli after drying at 110*^ =• 4*389 
p. c. B. Leaves of the violet-flowered variety: ash at 110^ = 4*922 p. c. ,* — C. White 
flowers (without calyx) ; ash at 110® = 6*76 p. c, ; — D. Violet flowers (without calyx) * 
ash at no® « 4 286 p, c. : 



A 

B 

C 

D 

NaCl . 


3*100 

' 0-543 

3*247 

0-108 

KCl 


— 

— 

— 

1 -564 

K*0 . 


25*048 

23-347 

37-109 

39-020 

Na^O . 

• 

12*381 

12-500 

3*96;3 



CaO 


16*344 

14*755 

6*611 

6*688 

MgO . 


7-601 

6*255 

4*372 

5*648 

APO" . 


0*195 

0-1 8S 

0-135 

0-240 

Fo^O* . 


0*360 

2*030 

0-446 

0-424 

MnO . 


— 

0*181 

— 

0-119 

SO« 


0*613 

2*710 

3618 

3-281 

P20» . 


10-233 

26*352 

18*591 

27-355 

Si O'** 


2*865 

6*100 

3 093 

3*848 

CO* 


21*050 

5-310 

' 18*567 

11428 


99*790 

09*589 

99*682 

99-723 


T 


TASSltGlTE. This mineral, from Taberg in Wemioland, Sweden, has been 
analysed by C. W. Fuchs {Jahrb. Min. 1867, p.* 822), who finds it to contain : 

RiO* Al’O* FeO MnO MgO CaO K Na H*0 F 

32-95 13*08 13-72 0 07 26-83 0*95 0-.33 1-25 11*34 097 = 101*49 

loading to the formula 3[7(2]VrgO ,SiO’) + 2(AF0LSi02) + 10H*O] + 2(K;Na)F. 
The mineral, which is intermediate between chlorite and magnesia mica, is broadly 
laminar, perfectly cleavablo, with nacreous to fatty lustre on the cleavage-faces. Pre- 
dominant colour bluish-green, with silver- white to blackish spots. Hardness 2 to 2-5. 
Sp. gr. 2*813. Streak greenish-white. 

TAXiTAXiZTS. Tlie mineral from Atacama so called by Domeyko (v. 657) is 
according to Ulex {J. pr. Chem, xevi. 37) a mixture of atacamite, malachite, red 
haematite, and limestone, traversed by crystals of tiu-malin, or according to Pisani {8dl. 
Am. J, [2] xliii. 37) a mixtiire of turmalin and cupric oxide. 

TAMTZTSk Laminar nickel-iron containing 13*2 p. c. nickel, occurring in meteor- 
ites (G. Rose, Jakreah. 1865, p. 945), 

TAJfTAljATBSi On the classification and analysis of natural tantalates, see 

Blomstrand {Jahresb. 1865, p. 896; 1866, p. 944). 
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TAlTTikXiirMa Ta =» 182. — The specific gravity of pure tantalic oxide or 
anhydride, Ta*0‘, prccipiti\t©d from ttintalic chloride by ammoniacal water, and gently 
ignited, has been found by Devillo a. Troost rmd. Ixiv. 294) to b^ 7*35. 

The same chemists have redetermined the vapour-density of tantalic chloride, TaCl*, 
and found it to bo 12*8 at 360°, 13-0 at 440; calc. *= 12*5. The pure chloride is pale 
yellow and crystallisable, melts at 211-3°, and boils at 241-6° under a pressure of 
753 mm. Its vapour passed over ignited tautalic oxide docs not form an 
oxychloride. 

An alloy of tantalum and aluminium, TaAP, is obtained by fusing potaasiotantalio 
fluoride with aluminium-foil in a crucible lined with charcoal, and treating the result^* 
iiig regulus with hydrochloric acid to dissolve* the excess of aluminium. The alloy 
then remains as a crystalline powiler, having a sp. gr. of 7 02. It is but slightly 
attacked by strong boiling hy^lrochloric acid, not at all by nitric, nitromnriatic, or 
dilute sulphuric acid ; but it is dissolved by hydrofluoric acid at ordinary teraporaturea, 
by strong sulphuric acid at the boiling heat, and by fused acid potassium siilphate 
(Marignac, BvJL Soc. Chim. [2] ix, 465). 

Respecting Hermann’s criticisms on Marignac’s views of the constitution of the 
tantalum compounds, see J. pr. Chem. c. 385; Bull. Soc. Chun. [2] viii. 171 5 ' —for 
Marigiiac’s reply; J. pr. Chenir. ci. 459 ; Zcitschr. f. Cltem. [2] iv, 91 ; Jahrenb, 1867, 
p. 209. 

TAltCOXOrXXfSa A product of the decomposition of narcotino tri-iodide 

(p. 866). 

TASfcTAAXO ACXnS. Paratartaric or racemic acid (or inactive tartaric acid5 is 
formed by boiling glyoxal with dilute liydrocyanic acid and. a small quantity of hytiro- 
chloric acid in a retort with upright condenser, adding hydrochloric acid from time to 
time. The liquid noutralisod with milk of limo yields a calcium salt consisting 
essentially of ciilcium racemate (or inactive bxrtrate). The acid separatcKl from it 
exhibits all the characters of ordinary racemic acid, but it is doubtful whether it if 
resolvable into doxtro- and Uovo-tartaric acid. The mode of formation may bo repro- 
seated by the equation : 

con CII(OH)(COOH) 

I + 2CNII + 4ir‘0 = 2NH» + | 

COU CII(OII)(COOII) 

Glyoxal. Racemic add. 

This mode of formation establishes the constitutional formula of the acids, of tR 
tartaric acid group. The acid obtained as above is quite distinct from Schdycn' 
glycotartaric acid (p. 650) (Strocker, Zcitschr. f. Chem. [2] iv. 216). Paratartari 
acid is also formed, together with dibromosuccinic acid, by tlio action of bromine an< 
W'ator on phonacoiiic acid (Oarius, p. 905). The paratfirtaric aeid thus obtained agree 
with natural 'Tacemic acid in crystalline form and in the form and composition of it 
calcium salt (v. 37). 

When tartaric acid is subiccted to dry dUt illation, an oily distillate of pyrotartari 
acid is obtained between 170° and 210°, mixed with noodles of pyrotritartaric aci( 
C°lPO* : 

3CUPO« = CHPO’ + 5CO* OH^O 
(Wislicenus a. Stadnicki, p. 981). 

Tartaric acid subjected to electrolysis yields at the positive polo carbon dioxide ai 
monoxide, together with oxygon ; the sf»lution contains acetic acid. A solution of ( 
pis. neutral potassium tartrate in 32 pts. water yields chiefly carbon dioxide, wi 
small quantities of carbon monoxide and oxygon, and ileposits acid tartnito. A sol 
tion containing 4 mol. neutral potassium hydrate yields the same gases, together wi 
a trace of ethane, and potassium acetate is formed in the liquid (Bourgoin, Ann. C 
Vhys. [4] xiv. 157 ; Jahresb. 1867, p. 385). 

Tartaric acid is decomposed by heating wi I h water to 180° in a sealixl tube, t 
first profluct formed being probably pyroUirtarie acid, but it undergoes fiirtlier alter 
ation (Morkownikoff a. Purgold, Zeiischr. f. Chem. [2] iii. 264). 

When tartaric acid is heated with hydrochloric acid in sealed tubes, decompositi 
l>egins at 125°, and at 180° the tartaric acid is completely resolved into carbon dioxk 
carbon monoxide, pyrotarLaric acid, and a carbonaceous residue. Paratartaric at 
similarly treated also yields pyrotartaric acid, the docorapf)sitif>n beginning at 130° a 
being completed at 160° (Geuther a. Riemann, T^itsehr. f. Chem. [2] v. 

When tartaric acid mixefi with a solution of leuteocobaltic chtortde (1 pt. of the s 
to 16 pts. water) is boiled with potash soda, tlio yellow solution becomes first gra 
then bluish-violet. This reaction may serve for tlie detection of tartaric acid 
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presence of some of the more ordinarily occurring organic acids. Malic, formic^ 
benzoic, succinic, citric, acetic, and oxalic acids treated in like manner yield a precipi- 
tate of cobaltous hydrate, the acid being simply transferred to the potash. To apply 
this reaction, the tartaric acid, and any oxalic acid that may be present, are precipi- 
tated by calcium chloride and ammonia, the washed precipitate is boiled with a etronjy 
solution of sodium carbonate, and the filtrate, freed from carbonic acid by means of 
hydrochloric acid, is mixed with caustic soda and boiled with the luteocobaltic solution. 
A blue-violet coloration indicates the presence of tartaric acid. Tannic acid and para- 
tartaric acid likewise yield a solution containing cobalt, but at the same time form a 
cream-coloured precipitate (C. D. Braun, Ziitachr. anal. Chem. 1868, p, 349). 

On the distinction of tartaric from ci trie acid by means of permanganate solutions 
see CiTHic Acid (p. 472). 

Martenson {Zeitschr/f. Cliem. [2] v. 444) estimates birtaric acid as calcium tartrate, 
which he finds to be soluble in 2388 pts. of water, nearly insolnblo in alcohol of 85 p. c., 
more soluble in aqueous sal-ammoniac or calcium chloride. The salt dried at 100° is 
dissolved in a small quantity of water in a perfectly glazed porcelain capsule, neutral 
solution of calcium chloride is added and a few drops of lime-water, taking care to 
avoid an excess, after which the liquid is stirred without touching the sides of the 
vessel, and left to itself for some hours. The liquid is then passed through a weighed 
filter, and after it has all run off, the precipitate is placed on the filter, together with a 
little alcohol, the liquid again allowed to run through, and the precipitate washed with 
alcohol, dried at 100°, and weighed as C*H‘CaO® + 4H^O. 

Metallic Tartrates. Tartaric acid, as already observed (v. 675), is mostly 
"bibasic, but it .sometimes also exhibits the characters of a quadribasic acid, tho 
alcoholic as well as the usually basic hydrogcn-atorns being replaced by metals. Tho 

quadrihasic lead salt^ C^H^Pb^O*, which Erdmann obtained by boiling the monopliimbic 
salt with aqtioous ammonia, likewise separates as a crystaliine powder, when neutral 
lead acetate is boiled for 8 to 12 hours with cream of tartar. It is quit© insoluble in 
water, acetic acid, ammonium tartrate, and other ammoniacal salts, but dissolves 
easily in potash and in nitric acid. If the boiling bo continued for 3 or 4 hours only, 
the triplumhic salt, (C^H®0*)'^Pb*, which is likewise insoluble, is obtained, A quadrU 

basic zinc salt, + H^O, is obtained by boiling tartaric acid with zinc 

and potash-solution and neutralising with nitric acid, as a powder insoluble in water, 
tartaric acid, and ammoniacal salts. When tartaric acid is boiled with zinc alone, 
the ordinary bibasic salt, C*H*Zn"0®, separates out. The potassium-bismuth salt, 
C*H®Bi'"KO®, prepared by Schwarzenberg (v. 686), is decomposed by w'ater, with 
formation of a white, insoluble basic salt, which, when dried at 200°, has the compo- 
sition C^H2Bi"'K0«.C*H2Bi'"(Bi0)'0®. Potassio-uranic tartrate, C‘H;K(UO)'0« (at 
200°), is obtained as an amorphous powder by boiling recently precipitated urai\ic 
hydrate with cream of tartar and evaporating the filtrate (Frisch, J. pr, Chem. xcvii. 
278 ; Jahresb. 1866, p. 401). 

According to Fleury i^Compt. rend. Ixvii. 957) tho double tartrates analogous to 
tartar-emetic are always produced when a salt of a trioxido or sesquioxide and a salt 
of a monoxide are brought in contact with tartaric acid in acid or in alkaline solution. 
Thus when bismuth nitrate is dissolved by agitation in a solution of tartaric acid 
supersaturated with soda, liquid is obtained, which, when largely diluted with water, 
is precipitated by salts of barium, calcium, magnesium, &c. Tho compounds thus 
formed aro very slightly soluble in water, soluble in acids and in caustic soda. 
Analogous double salts aro formed by malic and citric acid. 

The optical and crystallographic characters of the acid tartrates of ammonium, 
thallium, rubidium, and caesium have been examined by v. Lang (Zeitschr. f. Chem. [2] 
iii. 460). The last throe form crystals belonging to the rhombic system, isomorphons 
with the acid tartrates of ammonium and pobvssium. Tho proportions of the axes 
are as follows : 


ForC^IPTlO® 

„ C^H^RbO® 

„ C^H®CsO® 

„ C‘‘H*KO® (according to Schabus) 

„ 0®H®(NH®)0® (acc. to De la Provostaye) 


Brachy- Macrodiagonal 
diagonal 

0 6911 : 1 : 

0*6873 : 1 : 

nearly the same. 
07U5 : 1 : 

06983 : 1 : 


Principal 

axis. 

0-7186 

07010 

0 7372 
0 7086 


Pota8siu?n Tartrates. — According to E. jpCissel (Zcitschr. anal. Chem. 1869, 409) 
1 pt. of Jicid potassium tartrate dissolves in 230-1 pts. water at 10°, in 203* 1 pts. at 
15°, and in 152*1 pts. at 22°; 1 pt, dissolves at 12° in 318*5 pts. spirit of 6 p. c., in 
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360 ptfl. spirit of 8 p. c., in 378 pta, of 9 p. c., in 402 pts, of 10 p. c., and in 441 pta. 
of 12 p. c. After addition of 0*2 p. c. glacial acetic acid, spirit of 10 p. c. dissolves 
only 2‘4*24 grm. of cream of tartar in a litre, the spirit alone dissolving 2*487 grm. 
After addition of 0*1 p. c. tartaric acid, a litre of the same spirit dissolves only 
• 1'920 grm. 

Bussy a. Buignet {Compt, rend. lx. 976) have examined the reaction between aciiT 
potassium tartrate and gypsum, with reference to the addition of gypsum to wines, 
practised in the south of Franco. When a s<dutipn of 2 grms. cream of tartar in 500 
c.c. water conUiining O'l p. c. alcohol is digested with 0'915 grm. gypsum (equivalent 
proportions of the two salts), a reaction takes place represented by the equation : 

CaSO*.2H»0 + 2C*H‘KO« = C*H*CaO« + C^H^KO* + KHSO‘ + 2II»0, 

the ciilcium appearing in the product as neutral tart rate, while the potassium remains 
in solution, half as acid tartrate, half as acid sulphate. Any further addition of 
calcium sulphate remains undecom posed, partly in the liquid, partly in the precipitate. 
Analogous transformations take place when gypsum is added to wine. Chancel, on 
the other lyind rend. Ix. 408), supposes that muiral potassium sulphate and 

free tartaric acid are formed, together with the neutral calcium tartrate. Ho also 
observes that the action of the gypsum goes farther, if, instead of being added to tho 
wine, it is added, according to general custxmi, to the must ttigether with the loos. 
The quantities of acid potassium t^irtrato dissolved in 1000 pts. of pure water (I.), and 
of water containing 10*5 p. c. alcohol (II.), arc, according to Chancel, as follows: 


0 ® 

5 ® 

10 ® 

16 ® 

20 ® 

26 ® 

30 ® 

35 ® 

40 ® 

2*44 

300 

3-70 

4*53 

5*53 

G70 

805 

9G0 

11 -30 

1*41 

1-75 

2T2 

2-53 

3 05 

372 

4*()0 

5*70 

7*10 


The solubility diminishes as tho proportion of alcohol in tho water increases ; tho 
presence of glucose, on tho other hand, lias no pciveptildo influonco on it. The 
young and unplastcred wine prepared in tho south of Franco contains therefore from 
2-5 to 3'5 grm. of cream of tartar in tho litre ; and as the corresponding quantity of 
grapes contains from 9 to 10 grm., it follows that tho greater part of tho acid tartrate 
remains in the lees. By addition of gypsum to tlio must, tiiis undissolved tartar is 
decomposed. A saturated solution of acid potassium tartrate in water cont^iins, after 
three days’ digestion at 35° with excess of gypsum, 0 97 grm. tartaric acid in the 
litre, but when an uudissolved excess of tho acid tartrate is present, it contains 2*11 
grm. tartaric acid in tlio litre. In wine thus plastered Chancel found 2‘17 grm. 
potash in tho litre; in wine fermented without gypsum, only 0'685 grm. Tho 
plastering of tho must brings therefore half tho tartaric acid in the must and tho 
greater part of tho potash into the wine, and, besides its clarifying action, has an 
important influence on tho colour and durability of tho wine by increasing the amount 
of acid in it. For Bussy a. Buignet’s criticisms on Chancers results, see J. l*karni, 
[4] i, 351 ; ii. 5, 

Crude tartar coutaim’ng a considerable quantity of yeast is apt to undergo fermenta- 
tion, which diminishes the proportion of tartaric acid. A tartjvr containing originally 
44 -8 p. c. of the pure acid tartrate was found by J. Haorlin {Dingl. pal. J. clxxxv. 
218) to contain, after 8 days’ fermentation 30 p. c., after 14 days 24 p. c., and after 
4 weeks only 14*8 p. c. of pure cream of tartiir. Many crude tartars contain, as 
pwxlucts of decomposition, easily soluble potassium salts difficult to crystallise. 

Calcium tartrate, C^HKlaO'*. 4H^O, requires for solution G2G5 pts. of water at 15°, 
and 352 pts. at the boiling lieat (F. Mohr, Vierteljahrs. pr. Pharm. xiv. 428). 

'^'■AATROWXO ACZ1>. — This acid heated with saturated aqueous 

hydriodic acid yields ethane and carbon dioxide, being first converted into malonic 
acid, C’H^O*, which is then resolved into acetic acid and carbon dic^ide, C’H^O* + 

« + C02 (Berthelot). 

TBA. Tea-leaves contain, according to Illasiwetz a. Malin (J, pr. Oltcfn. ci. 
109), besides the constituents hitherto observetl (theino, quercitannic acid, bohoic 
acid), also gallic acid, oxalic acid, and quercetin, the latter most probably existing 
originally, for the greater part at least, as quercitrin. The precipitate formed in an 
infusion of tea by neutral lead acetate contains chiefly quercitannic, gallic, and oxalic 
acids ; the precipitate thrown down from tho filtrate by basic leml acctiite contains 
besides the acids just mentioned, a yellow lead-compound, which, by decomposition 
with hydrogen sulphide and boiling of the filtrate with sulphuric acid, yields quercetin, 
C*’II>*0**, together with sugar. The presence of querccftiri (or of quercitrin) in tea 
explains the fact that when the substances prccipit.able by basic lead acetate are 
oxHlised with potassium hydrate, protocatechuic acid and phloroglucin are produced. 
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TSZtXSSCnor. — A product of the decomposition of aescinic acid by 

acids. (See Hobsb-chestnut, iii. 172 .) ^ 

TSZiXi'OrRnnMr. Tellurium ores (gold and silver tellurides) occur in masses on 
the Calaveras range between the river Stanislas and tlio Albany mountains in Cab, 
. fornia (JVIathowson, Min. 1866, p. 93). On the preparation of tellurium see 

H. Schwartz {Dingl. pol. J, clxxxvi. 129 ; Jahresb. 1867, p. 257). 

XZSXrOXXtrB. On the crystalline form and optical characters of this mineral 
see Maskelyne (Eep, 86, Br. Assoc. Notices and Abstracts^ p. 33 ; Jahresb. 186 7 ’ 
p. 979). 

TiaiSPBTBAX.ZC ACZS. See Phthalic Acid (p. 942). 

XB&PZXiBXffB. See Turpentinb Oin. 

TZSSCBBXirZTBa A variety of diorite occurring at Teschen and other luealitiei 
in Hungary (Tschermak, Wien. Akad. Ber. liii, [1] 26; Jahresb. 1860, p. 976; - 
Pellener, Jdhrh. Min. 1868, p. 207 ; Jahresb. 1867, p. 1028). 

TBA,ZiZiXITXIC> Nordenskibld (Ann. Ch, Bharm. cxliv. 127) has found from lG-*2 to 
18*5 p. c. thallium in a selenide of copper and silver from Skrikerum in Sweden, 
which he designates as Crookesite. 

For the preparation of thallium from the flue-dnst of pyrites burners, Wohler [ihid, 
cxlii, 263) recommends the following process. The dust is repeatedly Ixhlefl with 
water acidulated with sulphuric acid ; the filtered extract, not previously conccntmtcil 
(otherwise arsenic would be precipitiitod at the same time), is mixed with hydrochleric 
acid, which throws down thallium chloride, and this compound, after washing witli 
water, is converted into neutral sulphate, from the solution of which, to avoid con- 
tamination with other metals, the thallium is precipitated by electrolysis. For tills 
purpose, a wide glass tube, tied round with bladder at the bottom, is suspended in the 
liquid, and filled up to the height of the thallium solution with acidulated water, an. I 
within it is fixed a plate of zinc, connected at its upper end with a pLitinum or copper 
wire immersed in the thallium solution. The thallium, which in the course of a few 
days is completely precipitated on the wire, is washed, with as little contact of air as pos- 
sible, then pressed between paper, dried, and fused to a regulus with potassium cyaTiide. 
Carstanjon (J. pr. Chem. cii, 65) considers it better to knead the precipitated thallium 
to a solid mass under water, then hammer it into dense cubes, fuse these, previously 
well dried, in a porcelain crucible without the addition of any flux, and cast the metal 
into ingots. The small quantity of thallious oxide formed in the fusion serves to 
remove any metallic impurities that may be present. 

Gunning (Archives nierlandaises, iii. 86) prepares thallium from a flue-dust con- 
sisting chiefly of arsenious and arsenic acid, together with oxides of load and iron, by 
means of phosphoric acid. The dust is heated with a mixture of bone-ash, sulphuric 
acid, and water ; the mass is strained; the residue again treated in the same manner, 
and the united extracts precipitated by hydrochloric acid. The fUtrate containing 
thallium, partly as thallious chloride, partly in the form of thallic salts, is mixerl with 
sodium sulphite ; partially neutralised with sodium carbonate, and the thallium is 
precipitated as iodide. To prepare pure thallium salts from the cnide chloride (which 
contains arsenic), it is best, according to Gunning, first to convert it into thallic oxide, 
by suspending it in a solution of sodium carbonate and passing chlorine into tho 
liquid, taking care to keep it alkaline by adding fresh lumps of sodium carbonate if 
necessary. The conversion is rapid and complete. The trioxide is carefully washed, 
suspended in water, and re<luced to thallious sulphate by passing sulphurous acid gas 
into the liquid. The resulting solution slowly evaporated in the air or over sulphuric 
acid yields pure crystals. 

Oxidation. — Thallium is oxidised at ordinary temperatures by solution of potassium 
perfnanganato (Crookes, Bnll. 80c. Chim. [2] vii. 394). When made to form the 
positive pole of a battery of two Bunsen’s elements in water acidulated with sulphuric 
acid, it IS converted into the black trioxide (Wiihler, Zeitschr. f. Chem. [2] v. 385\ 
Paper impregnated with a thallious salt is turned brown by ozone, and was recom- 
mended by Schonbein as a delicate test for ozone. According to I^aing (ibid. v. 416) 
thallium-paper may be turned brown without the action of ozone, and cannot thereby 
be regarded as a sure test for the latter, unless its indications are corroborated by the 
blueing of giiaiacum-paper. With thik limitation, it is a more delicate test than iodised 
starch-paper, and will detect ozone even in an atmosphere containing a considerable 
quantity of nitrous acid ; it cannot however bo trusted as a quantitative indicator. 

TbAlllam BJIot’S* Several of these alloys have been studied by Carstanjen 
(J. pr. Chem. cii. 65 ; Zeitschr. f. Chem. [2] iv. 69), with the following results : 
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Alloy of : 

Proiwrtions 

Solidifying 

Point 

Colour ; Hardness 

Thallium and Zinc 

Equivalent propor- 
tions 

above 360® 

Soft like thallium. 
Cast bars crackle 
when bent 

Thallium and Cad- 
mium 


184® 

Silver-white ; fine- 
grained ; ciystal- 
line ; harder than 
the zinc alloy 

Thallium and Bis- 
muth 

- 

0 

o 

r* 

Reddish-grey ; crys- 
tallino, but soft 

Thallium, Cadmium, 
and Bismuth 

6 pts. Tl, 6 pts. Bi, 

1 pt. Cd 

134® 

Hard, brittle ; recent 
fracture bright 

grey; finely gra- 
nulo-crystalline 

Thallium and Lead 

Equivalent propor- 
tions 

above 

Soft, non-crystallino ; 
lead-coloured 

Thallium, Lead, 

Bismuth 

1 pt. Tl, 6 pts. Bi, 

6 pts. Pb 

130° 

Somewhat crystalline; 
hard, shining 

Thallium and Tin 

Equivalent prop'or- 
tions 


Difficult to fuse, soft, 
slightly ductile ; 
docs not tarnish 

Thallium, Tin, Bis- 
muth 

1 pt. Tl, 2 pts. Bi, 

1 pt. Sn 

116® 

Hard, fine-grained, 
light grey to white 

Tliallium and Copper 

Equivalent propor- 
tions 

1 

! 

Fusibl e 
only un- 
der bor- 
ax at a 
white 
heat 

Brass-yellow ; may be 
cut with a knife, 
tarnishing on the 
cut surface 

Thallium and Alu- 
minium 

Equivalent propor- 
tions 

Do. 

Tough, but softer than 
thallium ; oxidises 
without burning 
when heated in 
the air 

Thallium and Magne- 
sium 

Equal parts 

I 


Easily alterable; 

burns with mag- 
nesium flame ' 

whjon heated in 
the air 


All these alloys, except that of tin, tarnish in the air ; they are more or less attacked 
by dilute sulphuric acid, with evolution of hydrogen. 

An alloy of equal parts of thallium and arsenic is blackish-grey and crystalline, but 
soft enough to be cut with a knife. The silrer-whito cut surfaces acquire a blue and 
yellow tarnish on exposure to the air. With dilute sulphuric acid, the alloy gives off 
Large quantities of trihydric arsOTide, and deposits a brown powder. The alloy of 
thallium and antimony in equal parts is very Imrd, brittle, crystallii^e, and has a grey 
fracture; with dilute sulphuric acid, it gives off trihydric antimonide. The alloys of 
thallium with and sodium in equivalent proportions are soft and cr3'staUine, 

deliquesce in the air, and decompose water with violence. The sodium alloy may be 
kept under petroleum; the potassium alloy is altered thereby, acquiring a brown 
colour. Th^ulmm amalgam containing equivalent proportions of thallium and mercury 
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has the consistence of butter and is alterable in the air (Carstanjen). According to 
Nickl^ss (e7. Fharm. [4] iv. 27) thallium is easily wetted and penetrated by mercury. 
According to J. Regnauld Ixiv. 611) the amalgamation of thallium is 

attended with evolution of heat, and therefore, in accordance with a law previously 
established by Regnauld, the amalgam is electronegative towards the pure mebil. 

Cblorlde. A compound of thallious chloride with ferric chloride, 6T1C1 . Fe*Cl«, 
is formed when recently precipitated thallious chloride is added to a concontrate<l 
solution of ferric chloride mixed with a large excess of fuming hydrochloric acid, or 
when thallious chloride is heated to fusion in vapour of ferric chloride. The briglit 
cinnabar-red compound is soluble in hot concentrated hydrochloric acid, and crystal- 
lises from the cooling solution in small translucent prisms permanent in the air. It 
immediately decomposed by water into thallious and ferric chlorides, and can therefore 
be obtained in the dry state only by washing with strong hydrochloric acid, leaving it 
over slaked lime, and finally warming it in a current of dry carbon dioxide. The sanio 
compound is separated as a heavy red precipitate on adding a largo quantity of hydro- 
chloric acid to the liquid obtained by lixiviating the flue-dust of thalliferous iron 
pyrites (Wohler, An^i. Ch. Vharm. cxliv. 250). 

Oxides. The trioxide, or thallic oxide, is formed by the action of hydrogen dioxide 
on metallic thallium. The precipitate dried over sulphuric acid has the composition 
of the monohydrate Th’O^.H'O or Tr^IIO'^ and becomes anhydrous when dried at 
100° (Birnbaum, Ann. Ch. Pharm. cxviii. 133). 

Thallic oxide detonates when triturated with flowers of sulphur, and slowly takes 
fire when triturated with 8 pts. of gold sulphide (Bdttger, Zcitschr. f. them. [2] iv. o7). 

When a rapid stream Of chlorine is passed through potash-ley in which thallic oxido 
is suspended, the liquid acquires a deep violet-rod colour, in consequence of the forma- 
tion of potassium thalliato. The solution of this salt may be evaporated, diluted, and 
filtered through paper without decomposition ; but it is reduced by oxacids to a 
thallious salt with rapid evolution of oxygen, by hydrochloric acid with evolution of 
chlorine and precipitation of thallious ch'oride (Carstanjen). 

Ox^ygcn-salts, — Several of those salts nave been further examined by Carstanjen 
{J. pr. Chem. cii. 65, 129 ; jahresh. 1867, p. 275) ; by Flemming {BnU.. Sog. Chim. [y 
X. 35 ; Jahresb. 1868, p. 350) ; and by Lang a. Bescloizeaux {Ann. Ch. Phys. [4] xvii. 
310 ; Jahresb. 1868, p. 352). See the several Acids. 

PboBiililde (?). Thallium and phosphorus do not unite when fused together; 
neither is thallium phosphide formed by igniting the phosphate with cliarcoal or 
hydrogen (Carstanjen). Solutions of thallious salts do not act upon phosphorus ; in 
the solution of thallious hydrate, phosphorus becomes covered with a black dojwsif, 
becoming metallically lustrous when heated, dissolving slowly in dilute hydrochloric 
acid (thallium ?). When phosphoru.s is heated with a solution of thallious hydrate in 
sealed tubes, a small quantity of hydrogen phosphide is evolved, and a black mass 
separates, whilst small whitish crystals are depo.sited in the tube, and phosphorous acid 
remains in solution (Flemming, Jahresh. 1868, p. 250). 

Selenlde. Thallium and selenium heated together in equivalent proportions unite 
readily without incandescence. The resulting compound, TT^So, is black, easily fusible; 
in the solid state it is scoriaceous and vesicular, hard, brittle, and changes colour on 
exposure to the air. It is not attacked by water, and dilute sulphuric acid attacks it 
only when heated, dissolving it slowly with evolution of hydrogen selonide. When 
the quantity of selenido used is between 1 and 3 eq. the pnxluct crystallises on cooling 
in radiating prisms which are permanent in the air, resist the action of dilute sulphuric 
acid, and are attacked by the concentrated acid only when heated, sulpliurous oxide 
being then evolved. A definite triselenide does not appear to be producible in the dry 
way (Carstanjen). 

Sulplildea. Thallium forms a monosiilphido, a trisulphide, and intermediate sul- 
phides. The monosulphide^ TPS, is formed by precipitation of neutral thallious salts 
with hydrogen sulphide or ammonium sulphide (v. 756), also by fusing 204 pts. 
thallium with 16 pts. sulphur at the heat of a blast furnace. It is then obtained jis a 
black, shining, brittle ma.ss having a crystalline structure. The frisulpkide, TPS , 
obtained by fusing 2 at. thallium with more than 3 at. sulphur, and volatilising the 
excess of sulphur without contact of air, is black, easily fusible, soft, and ropy at summei* 
temperature; brittle, with vitreous fracture, below 12*^. It is attacked by dilute sul- 
phuric acid when heated, and dissolved without separation of sulphur ; neither does it 
give up sulphur to carbon bisulphide. Fused with the monosulphido, it yields an 
intermediate sulphide crj'stallising in grey-block prisms. Intermediate crystalhsablo 
thallium sulphides of variable composition are likewise produced by precipitating the 
so-ciillod sesqui chloride (v, 747) with ammonium sulphide, or by fusing 2 at. 
with more thiUJ one and less than three atoms of sulphur ; two such sulphides 
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exhibited the composition T1'S,T1*S* and 6T1'S . 3T1’S*. They do not yield any sulphur 
to carbon bisulphide, but give up part of their sulphur (as also docs the trlsulphido) 
when heated in an open glass tube. All the sulphides of tliallium are decomposed by 
ignition in a stream of hydrogen (Carstanjen). 

Thallium sidpharsenate is formed as a reddish-yellow precipitate when hydrogen 
sulphide is passed into a neutral or acid solution of a thallious salt mixed with 
arsenious acid, or when an ammoniacal solution of arsonious sulphide is mixed with 
the ammoniacal solution of a thallious salt. When precipitated from acid solutions 
containing excess of thallium, it has the composition TFS. As'-’S®. A similar procipi- 
tiite is formed when hydrogen sulphide is passed into crude thallium clilorido prepared 
from arsenical flue-dust, or into the crude aqueous extract of such flue-dust. When a 
solution containing arsenious acid and thallious sulphate in the proportion to form the 
Bulpharsonite is treated with hydrogen sulphide, the whole of the arsenic is precipi- 
tated, but not all the thallium, a portion of that metal remaining in solution even when 
the arsenic is in considerable excess. On adding more arsenious acid a fresh precipi- 
tate containing thallium is formed, and by continuing this treatment the whole of tne 
thallium may ultimately bo precipitated. All the precipitates formed as above have 
the same colour (Gunning, Archives netrlandaises^ iii. 86 ; Jahre&b. 1868, p. 249). 

TBSOBROMZnrS. A solution of this base in strong hydrocliloric acid mixed 
with potassium ioflide and loft tt> itself, deposits largo nearly black prisms consisting of 
the periodide ; ihin comp uind is decomposed oven by heating with alcohol 

(Jorgensen, Zeitschr. f. Chem. [2] v. 675). 

XKSRAKO-CBEMtZSTltY. Further determinations of the heat of neutralisa- 
tion of acids and basts have lately been published by Thomsen {Togg. Ann. cxliii, 
354-396 and 497-534 ; Deut. chem. Ges. Tier. iv. 586). 

The following tnblcs give the numbers of thermal units (grammo-dcgrocB) evolved 
when one molecule of hydrogen sulphate, or an equivalent quantity of another 

acid, diluted with 400 molecules of water, is neutralised by an equivalent quantity of 
bajso in the same state of dilution : 


Taui.k I. 


R 

Sulphuric acid . 
(H.n^SO'.Aq) 

IIvilrtHdilorlc 

acid 

(U.‘2lJCI.A<i) 

Nitric acid 
(U.21IN(>\Aq) 

Acetic acid 
{U.2(J*li*0*.Aq) 

2LiHO . Aq 

31290 

27700 . 





2NaHO.Aq 

31380 

27490 

273GO 

26370 

2KHO.Aq 

3 1 290 

27500 

27540 

26430 

2TlHO.Aq 

31130 

44340* 

— 

— 

2N(CTF)VAq 

31010 

— 

— 

— 

Ba^^O^Aq 

36900^ 

27780 

282G0 

26900 

SrH^O-^Aq 

30710 

27630 

— 



CaH^O^.Aq 

31140 

27900 

— 

— 


31220 

27690 

27520 

— 

2(NH*.HO) 

28150 

24540 

24610 

— 

2[N(C2H^)»H.HO] 

28310 

25040 

— 

— 

MnIP02 

26480 

22950 

— 

— 


26110 

22580 

— 

— 

CoII^O^ 

21670 

21140 

— 



FoH^O^ 

24920 

21390 

— 



CdH'^O'^ 

23820 

20290 

20320 



ZnH*0* 

23410 

] 9880 

— 

18030 

CuH-^0* 

3 8440 

14910 

14S90 ‘ 

12820 

PblPO* 

21000» 

14360* 

15340 

13120 

CuO 

18800 

15270 

15250 

13IS0 

HgO 


19420 

— 

— 

PbO 

23500* 

16790* 

17770 

15460 

Ag»0 

14490 

42380* 

10880 

— 

fAlH>0» 

20990 

18040 

— 



IBcH'O* 

16100 

13640 

— 



|CrH‘0» 

16440 

1 3730 

— 



fAuIPO 

— 

13680 

— 

— 

fFeH’O* 

1 1 250 

11150 

11200 

7990 


• In tlie cases marked by the asterUk, tlie salt formed Is Insoluble, or almost Insoluble, so that 
altber the whole or part of the licat of ncutmlisation has to be addo^l to the heat of precipitation. 
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Tablb II. (R,QAq). 


R 

« 1 

HypcpflOl* 
phuric acid, 
H*S*0* 

Sulphovinic 

acid, 

SHC^O^SO^ 

Chloric acid, 
2IIC10* 

Ilypophos- 
phorona acid, 

Hydrogen 
sulphido, 
2(H. SH) 

2NaHO . Aq 

27070 

26930 

27620 

30320 

16480 

2(NH^HO) 

— 

— 

— 

— 

12390 

15aH*0* 

27760 

27660 

28050 

30930 

15750 

MgH^O* 

27640 

— 

— 

— 

— 

CoH»0» 

— 

21120 

— 





CdH'-'O* 

20360 

— 

— 



— 

CuH^O* 

— 

14840 

16550 



I 

fFeH»0» 

— 

— 

10700 

— 




Table III . — Normal Sodium Sails. 


Q 

(2NaAq,QAq) 

Hydrofluoric acid ^ . 

2(H.FI) .... 

32540 

Sulphuric acid .... 

IP.SO^. 

31380 

Selenic acid ..... 

H^SeO< 

30390 

llypophosphorous acid . 

2(H.P02H^) . 

30320 

Sulphurous acid .... 

IH.SO* .... 

28970 

Metaphosphoric acid . > , 

2(H.PO«) 

28750 

Phosphorous acid .... 

IH.PO>»H 

28370 

Oxalic acid ..... 

H^C*0« 

28280 

Hydrochloric add .... 

2(H.Cl) .... 

27480 

Hydrobromic acid .... 

2(11. Br). 

27500 

Hydriodic acid .... 

2(U.I) .... 

27350 

Chloric acid ..... 

2(11. CIO’) . 

27620 

Nitric acid ..... 

2(H.NO») 

27360 

Hyposulphuric acid 


27070 

Selenious acid .... 

HCSeO’ 

27020 

Chloroplatinic acid 

IH.PtCl® 

27220 

Hydrofluosilic acid 

IP.SiFl® 

26620 

Siilphovinic acid .... 

2(H.C^H\SO^) 

26930 

Formic acid ..... 

2(H.CH02) . 

26400 

Acetic acid ..... 

2(n.C2H’02) . 

26810 

Pyrophosphoric acid 

^(HCP^O^) . 

26370 

Orthophosphoric acid 

HCPO^H 

27080 

Orthoarsenic acid .... 

HCAsO'H 

27580 

Citric acid , , . , . 

f(HCC«H’O0. 

25470 

Tartaric acid ..... 

Ha.C‘lPO« , 

25310 

Succinic acid ..... 

IP.C«H<0« . 

24160 

Chromic acid ..... 

H^.CrO* . . 

24720 

Carbonic acid .... 

H^CO’ 

20180 

Boric acid ..... 

IH.B^O* 

20010 

llypochlorous acid 

2(H.ClO) 

19370 

Hydrosul phuric acid 

2(H.SH) 

15480 

Hydrocyanic acid .... 

2(H.Cy). 

6530 

Stannic acid ..... 

iiW.SttO*) . 

4780 

Silicic acid . . , . . 

i(HCSiO<) . 

2710 


The seeds of Thevetia nercifolia^ an ornamental plant cultivated 
in India, and indigenous in the Mauritius or the West Indies, yields an oil of agreeable 
taste, liquid at ordinary temperatures, a^eontaining 63 p. c. olein and 37 p- c. 
palraitin (besides stearin) (Oudemans, Jahrern. 1866, p. 697). 

XSXja,CBTXC JLCXX>. See Acetic Acid (p. 20). 

*HXOBB»rZAJMCXXIJB. See Benzamide (p. 238). 

Vh:XOBBB'XOXC B.0XB. See Benzoic Acid (p. 324). 
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TBXOCB&OMTXC ACXD. Sec auixoNss (p 990). 

TttXOXnBSBAXi. C2*H‘®S. — This compound, discovered by Iiaurent, wLo assigned 
to it the formula (v. 779), bus been further examined by Fleischer (Ann. Ch. 

Pkamt. cxliy. 192), and by Dorn (Z*ifschr. f. (7Am. [2] v. 697). It is produced by 
dry distillation of thiobenzeno, benzyl sulphide, benzyl disulphide, or sulphobenzide. 
Wnen benzyl sulphide, (C'II^)^8, is distilled, toluene and benzyl sulphydrate pass 
over at first, tlien tolnylono (still)one), iind lastly, at a very high temperature, 
tolallyl sulphide and thionessal. The distillate rna^’ bo freed from a yellow oil and 
tolallyl sulphide, by treatment with a largo quantity of ether, and the thionessal, 
w’hich remains nndihsolvol, crystallised from boiling alcohol. Tliionessal crystallises 
in small white needles melting at 180° ; it is not altered cither by molting potassium 
liydrato or by heating with sodium (Fleischer). 

'lVU>ro7noihio7)c.smly is formed on adding bromine to thionossal sus- 

pended in water, ns a yellowish granular powder, which, after washing with hot 
alcohol and ether, crysUillises from ]X'troloum of high boiling point in hard micro- 
scopic needles. It melts at 265°”27<)°, is not attacked by alcoholic potash or by 
benzene and sodium at the boiling heat, but is decomposed by fusion with sodium. 
By furtlier treatment with bromine it is converted into ietrahr(ntio1hione$8alf 
C**II*®Br\S, which is quite insoluble in nloohol, ether, and petroleum (Fleischer). 

Thioiicssal heated to 1 with 2 mol. phosphorus pentachlorido, is docom- 
j>osed according to the equation : 

C*«U*«S + 2PCF = PSCP + rCF + 4C’H"C1, 
forming an oily compound which solidifie.s with water, ilissolves sparingly in alcohol, 
easily in hot ether or benzol, and separates tlierofrom in nco<ileN melting at 130°-132°. 
This botly, C’Jl^Ol, or a multiple thereof, is not altered by heating with water or 
alcoholic ammonia to 180°, or by beating with benzol and sodium (Fleischer), 
According to Dorn, on the otlier hand, thionessal is not desulpliurised by phosphorus 
ISMitaohlorido. Wlien the two iire heated together in an open vessel, liichlorothioncsnat, 
is formed in white cry.stals melting at 219°; in sealed tubes, 4 nt. hydro- 
gen are replaced by chlorine, Vuit the sulphur roinains in the molecule, Dorn also 
finds that thionessal may l>e passed over finely divided iron at a low red heat without 
alteration ; over copper at tlie samc» temperature tlio greater j><)rlion passes unaltered, 
only a small quantity of a compound melting at GO'^ being formed, probably tolano. 
Thionessal treated with hydrochloric acid and potassium chlorate is eouverted into 
oxylepulouc, atid diclilorothioncbsal in like nuinnor into dichloroxylepide.no (Dorn). 

Fuming nitric acid acts strongly on tluoucssal, protlucing, in tuo first, iuHtanco, 
light yellow, amorphous nit rothiouesnal, then w nvtro'COTrv^Mmud 

free from sulphur, and lastly p arani trohenztJic acid together 

with sulphuric acid. TribromoOnonctisal treated with nitric acid yields a yellow 
powder, C'''’II*^Br*(N0*)^0'*, slightly soluble in hot alcohol, and an acid, 
D*"H*’'(Br’)(NO^)^Oh w'hicli dissolves easily in alcohol and ether, molts at 180°, an<l 
forirui a barium salt, C^''Jl'“Ba'‘'BrkNO'^yO* + fiH'O, crysUillising in yellowish 
nodules. Thionessal dissolves in fuming sulphuric acid at ordinary temperHtnres, 
and in ordinary sulphuric acul when lieat^wl, forming a deliquescent acid, C^H®SOb 
which crystallises from alcohol in lamliue or tufts of needles, and yields a barium 
salt, (C^H^SO*)“Ba + 4110, crystallising in hard crusts, and a zinc salt, (C’H''SO’)'-*Zn, 
ciystallising in deliquescent needles or Inniirise. When vapour of thionessal is passetl 
over red-hot soda-lime, tolallyl sulphide collects in the receiver in the form of a yellow 
jxiwder (Fleischer). 

Thionessal and tolallyl sulphide arc tlio sulphur-compounds analogous to lepidene 
and oxylepideiie (p. 780). 

Dorn represents these four compounds by the following cf>n8titutional formula? : 

S O 



(CTP)C C(C«IP) 

I 1 

mi ic~^~c( F-u*) 

Tbioneseal. 


(CTP)C- 


'c*n*)c: — C(c*ii») 

Lcpiclcnc. 


-C(C*1P) 


B S 


(C«H^)C C(CTP) 


(C«H»)0^=:CXC«H*) 

Tolallyl sulphide. 


o o 

(C*H*)(!; (!kc*h*) 

(C*H»)(U=rC(C*II*> 

Oxylepidlne. 
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TBZOSXarAKZirS. C<H»N2S « N«(CS)"(C»H*)H» AUyhulpkocarhamide 

(v. 781). — Several ne-sV derivatives of this compound have been obtained by Maly 
\Zeitschr.f: Chem, [2] v. 258). 

Thiosinamine Iodide^ C^H®N*SP, is formed, like the bromide (v. 782), by 
direct combination of iodine with thiosinamine in alcoholic solution. It is soluble in 
water and in alcohol, and separates from the latter in brittle, nearly colourless 
groups’of crystals ; begins to melt and decompose at 90®; and at a higher tempemturo 
gives off violet vapours, afterwards products having the oclour of allyl compounds, and 
at a higher temperature volatilises completely. Strong sulphuric acid colours the 
solution violet and eliminates hydriodic acid ; strong nitric acid separates the 
iodine as a black powder. Silver nitrate removes all .the iodine, but recently pre- 
cipitated silver chloride takes away only 1 at. iodine, rophveing it by chlorine, and 
forming thiosinamine iodochloride^ C^H^N^SICl, which separates from alcohol in 
colourless crystals, easily soluble in water and alcohol, molting to a yellow liquid and 
decomposing at a higher temperature. By treating the aqueous solution of the di-iodido 
with silver cyanide, and evaporating the filtered liquid, a compound of thiosinamine 
iodocyanide with silver cyanide is obtained, as a heavy whitish-yellow powder, whicli 
when once separated from the liquid is insoluble in water, alcoliol, ether, and 
ammonia. It is decomposed by strong sulphuric acid, and when heated, swells up in 
snake-liko forms, like the sulphocyanates of mercury. 

Thiosinamine Ethyliodide^ C^H^N^S. is obtained by dissolving equiva- 
lent quantities of thiosinamine and ethyl i<xlidc, and leaving the solution to evaporate 
till it becomes syrupy. It then separates in large, colourless, transparent, well-defined 
crysttils, which dissolve in all proportions of water, very easily in alcoliol and ether, 
and decompose at 72®. iSilver solution removes all the iodine. The corresponding 
amyl-compound^ forms largo, colourless, deliquescent crystals. 

Benzoyl chloride appears to form a similar compound with thiosinamine. 

Thiosinamine Dicyamde, Q ‘H"N-S . ( CN )*, prepared by passi ng cyanogen ga s 
into an alcoholic solution of thiosinamine, and purified by repeated cry.stallisation 
from hot alcohol, forms a loose network of shining, golden -yellow, crystjiUino laminie, 
moderately soluble in boiling alcohol, very slightly in benzol and ether, insoluble in 
water. The yellow alcoholic solution does not yield silver cyanide when V>oilod with 
silver oxide. The compound di.ssolvos easily in potash, giving off ammonia when 
heated, and forming a faintly yellowish solution, with light green fluorescence. 

Ozalyl-tHiosinamine, Cni^N^SO^ « N*(CSy'(C20-)XC"IP)It, is formed by 
dissolving thiosinamine dicyanide in warm dilute sulphuric acid, and separates on 
cooling in large groups of Icmon-ycllow needles, the mother-liquor retaining a portion 
of it, together with ammonium-sulphate : 

C<n*N*S(CN)* + H‘SO* + 2ir-’0 = (NH*)2SO* + C«H«N'S02. 
Oxalyl-thiosinamine is moderately soluble in cokl, easily in hot water, very soluble in 
alcohol and ether. It melts at 80®-90®, and burns with flame on platinum foil. The 
aqueous solution has a distinct acid reaction, is not cloxidod by barium chloride, but 
gives with silver nitrate, lead acetate, and baryta-w’ater, precipitates which quickly 
decompose. The solution is decolorised by strong nitric acid, and then gives the 
reaction of that acid. With zinc and dilute sulphuric acid it becomes decolorised 
gives off hydrogen sulphide. Strong sulphuric acid dissolves it with orange-red 
colour; potash does not perceptibly alter it. By baryta-water it is resolved into 
thiosinamine and oxalic acid: C*H*N'*SO* +• 'Ball'O* = BaC^O* 4* 

With silver nitrate in aqueous solution it yields silver sulphide and a silver compound 
of oxalyl-allyl urea, N*(C0)(C'‘0^)(C*H^)H, which crystallises in groups of white 
silky needles. If the oxalyl-thiosinamine be boiled with excess of silver nitrate, silver 
oxalate and allyl urea are produced. 

Pbenyl-tlkioslnamiiie, C^H'(C«1P)N*S (v. 783), unites with iodine like thio- 
sinamine, but the compound does not crystallise. Bromi||fi, on the other hand, 
decomposes phcnyl-thiosinamine. Phefiyl-thiosinamine C**n'*N*S.(CN)®, is 

formed by passing cyanogen gas into an alcoholic solution of phenyl-thiosinamine, 
and may be obtained, by precipitation with water and reciy-stallisation from alcohol, 
as a mass of crystals grouped in stellate forms ; but it is not easily purified from 
adhering phenyl-tliiosinamino. When its alcoholic solution is heated with dilute 
sulphuric acid, the entire li<iuid solidifies to a mass of long, very slender needles of 
oxalyl-phenyl-thiosinaminc : 

N*(CS)(O*H*)(C»H0H*.(CN)* + H*SO* + 2H"0 (NH«)*SO* -t* 

Phenyl-thiosinamine dicyanide. 


N-(CS)(CW)(C>H')(C*H‘) 

Oxalyl-phenyi-thiosinamino. 
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This compound is insoluble iu water, slightly flolublo in cold alcohol, very easily in 
luit alcohol and benzol, soluble also in ether and in amyl alcohol. It is decolorised 
by hot nitric acid, but without formation of sulphuric acid ; dissolves readily in strong 
sulphuric acid, and is precipitale<l by water, apparently nualtorcd. It melts at 161'^ 
to a clear yellow liquid, an<l solidities on ctK>ling to a radio-crystalline mass. Treated 
in hot alcoholic solution with baryta- water, it is resolved into oxalic acid and 
plionyl-thiosinamino. The warm alcf»liolic. solution forms with silver nitrate a 
precipitate of silver sulphitio and a solution of oxalxfl-phenyUailyl-carhantidf^ 
]S-(C0)(C*0‘^)(C®IP)(C®1I*), the reaction consisting in a simple interchange of sulphur 
and oxygen. Oxalybphenyl-allyl-carbamido is insoluble, hut dissolves easily in stning 
alcohol, benzol, carbon bisulphide, and warm amyl alcohol; molts at 108^^; is not 
precipitated by metallic sails; dissolve.s in strong sulphuric and in strong nitric acid, 
and is reprecipitated by water. Jiy baryta-water it is resolved into oxalic acid and 
phenyl'iillyl-curbamide, N'^(CO)(C“lP)(C®lP}Il-, which crystallises in shtuing white 
needles molting at 9G'^-07°. 

Tolyl*t1ilosliiamtne, G"II‘^N'-S = first obtained by Jaillard 

(v. 87^), is more easily prepared by mixing an alcoliolie solution of toluidine with oil 
<if mustard. The liquid solidifies after ai while to a crystalline pulp containing tolyl- 
thiosimimine and another comp mm I, which may ho easily sopai*ato<l by hot alcohol, 
in which the former dissolves very easily, the latter with dithculty. Tolybthiosinamine 
separates from the alcoholic .sohui»»n, on cm»ling, in soft white crystalline masses, 
consisting w hen dried of unci nous laminae. It melts at 97^^ (at 112" accortling to 
Jaillard). 

Oxalyl-iofyl-thioiiiyiaminc, is produced 

by saturating an alcoludic solution of tolyl-thiosinamino with cyanogen gas, and heating 
it after a while with dilute suljduiric acid. The liqiiivl on cooling Roli<lil5eH b) a mass of 
yellow^ noo<iles, wdiich when w'ashed with alcohol ami water, and rocrystallisod from 
hot aUvdiol, vielils oxalyl-tolyl-t hio.'^inaniiiH* in long goldon-yollow, rather narrow, and 
very flat noodles, having a metallic lustre. It clis.solves easily in liot, sliglitly in cold 
alcohol, forming a neutral solution ; is insoluble in water, but soluble in other, benzol, 
methyl alcohol, amyl alcohol, and carbon bisulphide. It melts at l/)7° to a deep 
yellow liquid, which soon soli*lifies to a crystalline mass; may bo sublime*! c<mi- 
pletely and without decomposif ion in a glass tube. Strong sulphuric acid dissolves 
it to a yellow liquid, from which it appears to be }>recipitatod by water in its original 
state. Silver nitrate forms in the al***>hnbc soluf.ion a precipitalo of silvi-r sulphide; 
auric chloride forms a precipitate having the colour of ferric oxide ; pbitinic clilorido 
forms no precipitate. Hot strong nitric acid dissolves oxalyl-toiyl-thiosinamino 
without alteration. Baryt^i-watt^r decomposes it into oxalic acid and tolyl-thiosiiiamine 
(Maly). 

XaOMSOXrXTZS. A Tuineral from Iceland having the optical properties of 
fliomsonito (fanjelitc) was foiimi by v. Koladl (./. pr. Chem. xcviii. 131 ; Jethresh, 
1866, p. 910) to contain 4100 p. c. SiO’, 3166 Al'-'Ch 4 60 Na'-'O, and 1211 water, 
leading to the formula 2Na.-0 . 3iSi( )" 3(2CaO . iSiO'^) -t- r)(2Ar'‘0* . 3Bif)^) + lOU'^O. 

^ VaXMOXi. Cy’nyfic Phenol. — Of this bomobigue of phenol there are 

two modifications, viz. a tbyumi, existing in the volatile oils of thyme, horse-mint, 
^nd. Ptychotis JJov^an (v. 703j ; ami f3 thymol, produced by fusing the jtotaHsium salt 
of cymyl-fiilphurous or sulphoeymolic aei<l wdih sodium hydrate, dissolving the fnscsl 
ifiiiuis in water, acidulating with sulphuric acid, and distilling in a current of stoarn ; 
it then pasees over as a j^ellowish viscid oil, lighter than water, wliieh cannot bo 
eolidified either by cooling or l>y contact with a crystal of a thymol (Ji. Pott, Zeitsekr. 
f, Ch^. [2] V. 201 ; — H. Mhller, Ptid. 284). — a Tliymol ilissolvcB easily and com- 
pletely in strong sulphuric acid at 40"— 60", and the solution n<>t Ixrcomo turbid 

on dilution with wate^;;;, because th«^ thymol has been converted inb» an easily soluble 
sulpho-acid. 3 Thymil likewise dissolves easily in strong suljihnric aci<l, but only a 
small portion of it’ is thereby converted inb) a sulpho-acifl even at 100", an<l on 
addition of water, the greater part, of the oil separates out unaltered. The arjuoous 
solution neutralised with barium c.arbonate yic-Ms a barium salt, (f 
which co'stalliscs in anhydrous needle.^. 3 Thymol flissolves easily in alkalis, and is 
precipitatcfl therefrrmi by Jicids (Pott). 

a Thymol beuto/l with phospln.*rlc anhydritlo is very easily and comphst^ly rosolvod 
into propylane and y cresril (p. 607). the latter remaining in combination with phos- 
phoric a5d. a Thymol is therefore pnjpybcresol, that is to say, propyl-methyl -phenol, 

C*II*(OH)j^’J|i (Kngclhanlt a. LalschiiioflT, Zeitschr. f. CJmm. [2] v. 616) ; and as 
cymene j« prf»pyl -methyl -benzene, it follows also that 3 thymol has tho constitution 
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of propyl-methyl-phenol (Pott). Probably one modification contains normal propyl, 
an(i the other isopropyl. 

BERiVATiviiS OF a Thymoi. (Engelhardt a. LatschinofF, Zeitschr. f. Chetn 
[2] V. 43). 

M ethyl- thymol, is obtained by heating an alcoholic solution of 

equal quantities of thymol and potassium hydrate with excess of methyl iodide : 

+ KHO -t- Clin = KI -t- IPO + C'®n»0(CH’). 

Precipitated from the alcoholic solution by water, treaterl with potash, and rectified, 
it forms an oily liquid having an aromatic odour and burning taste, boiling at 206°, 
insoluble in water, easily soluble in alcohol and other. Sp. gr, = 0*941 at 18°. 

Ethyl~thymol, C"’H‘*0(C‘**11*), is obtained by heating sodium-thymol in a sealed 
tube with ethyl iodide (Jungfloiseh, Bull. Soc. Chim. [2] ir. 17), or by boiling an 
alcoholic solution of thyrntd and pitassium hydrate with ethyl iodide (Engelhanlt a. 
Latschinoflf). It is a colourless mobile liquid having an aromatic odour, like that of 
carrots, and an extremely hurtling taste; insoluble in water, easily soluble in alcohol 
and ether ; boils without decomposition at 222° ; oxidises slowly in the air. Potash 
does not attack it even when heated. With strong sulphuric acid it forms a soluble 
compound, probably analogous to that which is formed under similar circumstances 
from anisol (dungfleisch). 

Amyl-thy mol, obtained like the preceding, is an oily liquid 

insoluble in water, boiling with partial decomposition at 238°-243°. 

lie7izoyl-thymol,C'nV-^0{iyil^O'),\H formo^l by heating thymol with benzoyl 
chloride. After washing with soda-ley, &c., it forms an oil which distils without 
decomposition, does not become solid in a freezing mixture, but after keeping ff)r 
some time solidifies to a crysbilline mass which melts at the heat of the hand. It is 
soluble in ether, and when heated with ordinary sulpliAiric acid, is resolved into 
benzine acid and a sulphothymolic acid. 

Cymyleiiv-thymol. (C'®11'*0)'^(C’"II*’)". Cumol-thymol . — When 2 mol. thymol 
are licated with 2 rriol. potassium hydnite and 1 mol. cymylene clilorido, 

(prepared by tlio action of pliosphorus pentachlorido on cuminic aldehyde), potassium 
chloride separates, .and tlio .alcoholic solution mixed with water yields an oil, which 
is insoluble in potash, aTid solidifies after a while to a crysUillino mass. Cymylone- 
thymol crystallises in rhombic tables melting at 167°. 

When an alcoholic solution of 3 mol. tliymol and 3 mol. potassium hydrate is 
boiled with 1 mol. chloroform, potassium chloride is formed, and the .alcoholic filtrate 
mixed with water deposits a brown oil. Bcvzotrichloridc, treated in like 

manner with potash and thymol, yields anah)gous products. The brown oil separated 
by water is resolved by boating witli sulphuric .ncid into benzoic acid and a sulpho- 
thymolic acid. 

'J'hymol Phosphate, (C'®Il'^0)*(P0)"', is fonnod by heating thymol with phos- 
phorus oxychloride: 3C‘®H'=‘OH -f POtd’ = 3HC1 -t (C‘®ll‘»0)*Pb, and m.ay bo 
separated— by treating the prixiuct witli potish, di.ssolving in ether, drying with 
calcium cliloride, (evaporating the other, and heating th«* residual liquid to 200° — as a 
brownish oil which solidifies .after some time to a ervstaliino mass. Thymol phos- 
phate is likewise produced by heating 4 mol. thymol with 1 mol. phosphorus 
pentiicliloride. It is insoluble in water, easily soluble in other and alcohol, and 
separates from solution in absolute alcoliol l>y slow evaporation, in laj^o trah^liceiit 
prisms luiving a fatty lustre. From au ethereal solution it crystallises 
needles. It melts at 59°. 

Snlpliotlijnnollc Acids. C*®lT’*SO* c= Tkymyl sulphuric or 

CyniyUulphuric Acids. — By treating thymol with sulpliuric acid, Lallem and obtained 
a sulpliothymolic ncid which yielded soluble and well-crystaJllit^ed Ijlltiiifni and 
lead salts. Engelhardt a. Lat.HchjnofF have further examined prodis^ of this 
re.actiini. and have obtained three isomeric sulphothymoHc acids,^^hic1i they distin- 
guish by the prefixes a, 0, y ; .lEo a disulphotliymolic acid, 

a Sif Iphct h // ?)i (flic acid is the chief product of the action of ordin^gy sulphuric 
acid on thymol at compaivatively low tempemtures, and is obtained quite pure, without 
the sl ghU st admixture of the 0 and t' acids, by gradually adding sulf^uric chlor- 
hydrate, SO"HCl, to tliyiuol. Hydrochloric acid is then evolved, and toj^yiquict on 
cooling 8olidifie.s to a crystalline mass of pure a sulphothymolic acid. of 

60 grins, thymol and 40 grms. ordin.ary sulphuric acid, if left in a warm pla« (at 
about 60°). gradually becomes .solid ; and on di.s.solving the crystalline m.TSS ilt water, 
filtering from unaltered thymol, agitating with ether, neutralising wit^/Jwu’inm 
Carbonate, and evaporating, a large quantity of barium a sulphothymolate sCjjpItAtefi in 
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fin© ci^stals. The last mother-liquors yield, together with crystals of the a salt, 
sparingly soluble laminae of totally dilferont character ; and by dissolving these crystals 
together with the mother-liquor in water, converting the dissolved barium salt into a 
potassium salt, and concentrating the vvqueous solution, sparingly soluble laminae are 
obtained, consisting of the potassium salt of J3 sulphothymolic acid. On evaporating 
the mother-liquor of the first crystallisation to dr^-noss, and dissolving tlie c^y mass 
in boiling alcohol of 90 p. c., the alcoholic solution first yields on cooling, needles of 
the potassium salt of diaulphothymolic acid, which is sparingly soluble in alcohol, 
and the mother-liquor of these needles yields by evaporation the easily soluble 
potassium salt of a sulphothyimilic acid. Tlie princij>al product of the r€iaction is 
a sulphothymolic acid, the 0 acid and disulphothymolic acid being obtained only in 
very small quantities. 

The o sriiphothymolates arc easily soluble in water, and are coloured dark violet by 
ferric • chloride. The crystallises from 

very concentrated aqueous solutions in beautiful tninaparent rhombic tables, or large 
prisms ; from boiling alcohol, in which it is also ver^^ soluble, in large rhombic tablet ; 
the crystals effloresce in the air. The harium t^aU, (C"*ir*SC)<yi5a + 4H*0, crystal- 
lises in flat transparent prisms decomposing at 100^. The had saft^ 

+ 4IPO, crystallises from very strong aiqucous solutioiiH in stellate groups of needles; 
it is very soluble in boiling alcohol, and the solution solidifies on cooling to a mass of 
slender needles; the salt tlecomposes at 110". Ti\o unit separates from 

alcoholic solution in indistinct crystiillino crusts. 

0 Sulphothymolic acid is especially oharucterised by the sparing sohibility of 
its potassium salt, C'^H'^SO'K + whicli crystallises from boiling aqueous 

solution in thin plates, and decomposes wlion l)cated ahovo Its solution is 

coloured violet-blue by ferric chlopide. 

7 Sulphoihy mol ic acid, is produco<l, together with disulphothymolic 

acid, by heating thymol with a mixture of ordinary and fuming sulphuric* acids, 
neutralising with barium carbonate, converting tho resulting barium salts into p)taH- 
sium salts, and separating those sails by crystallisation from boiling alcohol, the disul- 
pliothymolalo crystallising out first ns tho solution cools, and tlie mother-liquor yield- 
ing by evaporation granular masses of tho y snlphothymolato. This salt, 

■v IPO, is very soluble in water and alcohol; does not decompose at 13A®. Tho 
harium salt, (C'®H*’S0‘)^Ba -t 311*0, is more soluldo in water than tlio a-sulphothy- 
molate, and crystallises therofroin in tufts of noedlcs ; does not decomtK)S0 afc 
135° 

Potassium Disulphothymolafc, ( '>"TI"(01I)(.S0"K)^. + IJIPO, is very soluble in 
water, sparingly soluble in cold, more easily in Imiling alcohol, and crystallises from the 
boiling alcoholic solution in long slender shining no<*dlos which on exposure to tho air 
immediately crumble to a wliite powder. 

Methyl-sulphothymolic ncir/, C*'II'*SO* — is obtained by the 

action of sulphuric acid on methyl-thymol. Its barium salt, (0"H**SO^)*Ba + 3H*0, 
is very soluble in boiling water, and crystallises in small no<iuleH on cooling. 

Eihyl-sulpkoihyrnolic Acid. C^Jl’^SO* » ] SO*II ' — Of i^'Cid there 

arc two modifications, a and y, (d)tained by the action of ethyl iodide on tho salts of 
tho congpeponding Hulphotliyniolic aci<ls. Tho potassium salts of tho two acids huvo 
the aaij^ composition, (J*"H'^(OC-'lP)(iSO*K). The a s.alt crystalliHes in thin t^iblos, 
the in ncetllos ; both dissolve sparingly in cold, easily in boiling water, ami 

resemble each other closely in other respects; so likewise do all tlio f)tlier corresp^^nd- 
ing salt© of the two acids. The solutions of i Jio isitassium salts mixed witJi barium 
chloride yield precipitates of tho barium salts, which crystallise IVOm boiling water, 
the a salt in thin laminoe, tho y salt in six-side*! tables, both contjiining 
+ 3H*0, ^tliyl-tlmnol dissolves Mdien heated with cmlinary sulphuric rwid, and by 
neutralising* the flu^ation with barium ciirlsjuate, two salts are obtained, tho loss 
soluble of which isfte a ethyl -sulphotliymolato, while tho moro soluldo is not isomeric 
with it. 

a .Amyl^Mulphothymolic aci d, — ^^ **^^**) obtained by 

beatifig the ootassiiim salt of a Mnlphothym*>lic acid with potash and amyl-iodide. 
Tihe potoMi^ talt. C‘®IP*.SO^K. crystallises in needles easily soluble in water, Tho 
+ 311**0, forms flat nei'^iles spantigly soluble in orjld, more 
easily^ boiuhg water. By dissolving amyl-thymoi in warm sulphuric acid, neutral- 
ising with barium carbonate, and evaf>orating, flat nee*lles of the same salt are obtained* 
and the l^her-liquor yields a more soluble salt having the same c*jmp*j8ition. 
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a BengoyU$ulfhothymolie Acid. — The pobis- 

fiium salt of this acid, C‘®H’^SO‘K + 2H=^0, is obtained by heating the a eiilphothy- 
molatoto 125® with benzoyl chloride. It is slightly soluble in cold, more soluble in 
boiling water, and cryst^illises on cooling in flat shining needles. The other a bcnzovl- 
aulphothymolates are also slightlj^ solublo in cold, more soluble in hot water, and are 
prepared from the potassium salt by double decomposition. The barium and lead salts 
crystallise in flat needles containing 6 mol. w^ater; the calcium salt in small tables 
containing 4 mol. water ; the silver salt in shining nee<lles. 

The potassium salt of y benzoyl-svilphothymoiic acid is very much like the a salt, 
but contains 3 mol. water, 

TZlsr. Blocks of Banka tin exposed to the open air at St. Petersburg in the cold 
winter of 1867-1868 acquired a crystalline structure and partly crumbled to a granulo- 
crystalline powder. The internal cavities became lined with a metallically lustrous 
film, while the crystalline structures themselves appeared dull (Pritzsche, Phil. Mag. 
[4] xxxviii. 207). 

Calvert a Johnson {Chem. Sac. J. [2] iv. 435) have examined tlio action of sulphuric 
acid of different strengths upon tin, with the following results. By two hours^ action 
of 60 c. c. acid on 1 c. c. metal, the following quantities were dissolved: 

Orame. Grams. 

By at 150® . 3*010 f By JPSO^ 3H20 at 130° 0*215 

„ Il'‘SOPH‘0 at 150° 0*640 „U\SOP4H''0 „ 0*140 

„ H^SO*.21PO at 150° 0*470 ] 

The action of pure hydrogen sulphate, 1T'^S0^ is attondo<l with evolution of sulphurous 
oxide and sepjiration of sulphur ; with JP.SO’.lPO sulphurous oxide is likewise evolved ; 
with 2H'*'0 hydrogen sulphide goes off, toptlier with the sulphurous oxide; 

knd with the two weaker hydrates hydrogen sulphide is tlio chief gaseoms product. 

Alloys. Riche {Compf. rend. Ixvii. 1138) has examined tlio physical properties of 
alloys of tin and copper in various proportions from 8u*Cu to SnCid' (giin-metal). 
"With regard to density, it appears (hat the contrjiction increases pretty regularly from 
the alloys richc.st in tin t/O tlio alloy SnCu’^ but that it then increases very rapidly, 
attaining its maximum in the alloy SnCu*. The density then diminislies down to the 
alloy SnCu*, beyond which it again regularly increases, but mil y so far tliat the density 
of the alloy richest in copper still remains loss than that of tlio alloy StiCu*. Tliis 
alloy differs in its properties from all tlio rest, being so brittle that it may bo pulver- 
ised in a mortar, and forming bluish crystalline grains not re.sembling cither tin or 
copper. The solidifying point of the alloys ^nCu*-* and SnCu^ is intermediate between 
the melting point of antimony and the boiling point of c;i<lmium. 

Chlorides. 1. Stannous Chloride^ Sii(T- (Gerlach, Dingl.pol. J. clxxxvi. 131 ; 
pull, Soc, (Jkim. [2] ix, 248 ; Jahresh. 1867, 272). — Well-dotined crystals of this salt, 
as well as the needle-shaped crystals ofton found in corn nierco, and the lamino-scaly 
crystals which separate from solutions containing a con.sidyrable proportion of stannic 
oxide, all liavo the composition SnCP.2H*0. 8tajinou.s chloride likewise crj’stallises 
with the same amount of water from a solution containing equivalent quantities of 
stannous and stannic chlorides (contrary to former statements, v. 807). The specific 
gravities of aqueous solutions of stannous chloride are given in the following table, in 
which p denotes the percentago of crystallised salt, SnCl*. 2IT‘'0, and d the specific 
gravity at 15°: 


V 

cf 

P 

d 

P 

d 

0 

1*0000 

30 

1*2300 

60 

1-6823 

5 

1*0331 

35 

1 277U 

66 

1*6598 

10 

1*0684 

40 

1*3298 

70 

1*7452 

15 

1 1050 

45 

3 -3850 

75 

.. 1*8399 

20 

1*1442 

60 

1*4451 



25 

1*1855 

55 

1*5106 ^ 




On the reaction of stannous chloride with arsenious and arsenic add, sea AittBftNic 
(pp. 220, 222); on its reaction with metallic solutions and snlphurous #teid 
(p. 1065). 
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Stannic Chloride^ SnCl* (Oerlach, *7. cbtrviii. 49; BtUl, Skk. Chim* 

[2] iv. 483; Jdhresb. 1865, p, 237). — Th« spocitlc gmvity of tho anhydrous chloride is 
2 ‘234 at 15°. When it is rapidly mixed with water, tho liquid becomes heated to tho 
l>oiling point ; on gradual addition of water, a point is roachod at which the hot 
aqueous solution is denser than tiie uudissolvod aqueous chloride. Tho dissolution is 
accompanied by a diminution of volume greiitcr than that hitherto observoil in any 
other mixture. In tho following tjvblo, V denotes the percenbigo of anhydrous chloride 
in the solution; D the specific graAuty of tho solution at 15° ; V the volunio of 100 pU. 
by weight, that of 100 parts by weight of water being = 100 ; V' the volume which 
100 parts by weight would occupy if no contraction took place ; V" tho volume of the 
mixturo, that of tlio sum of the constituents being = 100. 


p 

D 

V 

V' 

V" 

0 

1-000 

100 00 

100 00 

100-00 

10 

1082 

92-42 

94-48 

97-82 

20 

1-174 

85-18 

88 95 

95-76 

30 

1-279 

78-19 

83-43 

93-72 

40 

1-404 

71-22 

77-90 

91-42 

50 

1-556 

64-26 

72-38 

88-78 

60 

1-713 1 

57-37 

66-86 

86-81 

70 

1-973 

60-08 

61-33 

82-63 

80 

— 

— 

65-81 

— 

90 



— 

60-28 

— 

100 

2-234 

44-76 

44-76 

100-00 


Gorlach has obtained tho hydrates SnCP. SnCl^. 511*0, and SnCl^.SIl'-'O in 

the cryslallino form. When 1 mol. stannic chloridti (250 48 pts.)is iuixe<l with 1 mol. 
water ( 18 pts.), two tliirds of the stannic chloride remain unaltorotl, wliilst tli© re- 
niaining third forms tho liydrato SnC'l* . 311*0, \vhieh sinks in the excess of sUvnnic 
e.hloride. When 1 mol. stannic ehlnride is niix(sl with *2 mol. water, tho whole solidi- 
fies Nvhile still hot to a soliil niass enclosing ^ t)f t.lu^ ehloriile iit tlio anhydrous sUvt«\ 
1 mol. stannic ciiloridc; dissolves in 3 mol. water witii great evolution of heat, -the 
temperature rising to tho boiling point, and forms a clear liqni<i which deposits the 
li ydrate 81101 “* . 3H*U at G0°, and s«)lidiHes to a mass wlien quib) cold. The fumes 
which stannic chloride emits in moist air, and the etlloresceuces which form on tho edges 
of Vessels containing it, likewise! consist ol the trihy<lrated salt. A mixturo of stannic 
chloride with 4 mol. water yields transparent pointed crystals having tlio cotnposition 
8nCl*, 4ll''*0 ; these however are reganled by tierlach as eoiiHisting of the trinydrato 
with onclosod solidifiod inother-Iiqieir. Tho p« ntaliy<lru1e, Sn( I* separates 

gTiulually from duly concontrat<-«l solntious in wdiite, tiirhid, very <lt*liquesceiit mono- 
clinic crysbils which melt at a gentle heat. Less coneenlrated solulious yitild at Very 
low temperatures large transparent crysl^ils i)f (he octohydrato, 8n( I* . 8ll*(),** still nioro 
<h-liqueHceut than the j^entahydrate. 'J'liis latter is regarded by (Jerlaeli as tho best 
adapted for industrial use, Tlu! fullowing tablo (p. 1094) exhibits t he, specitie, gravities 
(ll) of aqueous solutions containing t ho percentuges (P) of erysUiHised pouiahydrutod 
sbiiinic chloride, for the temperature of 15°. 

Tho aqueous solution of stannic chh>ri(Ie acts as an aei<l towartls most metallic 
oxides; it bikes up 1 mol. stannic hydrate, forming a soluhlo oxychloride, and reacts 
in a similar manner with other oxi<Jes solub/o )?t liydrooliloric acid. KqcenlJy preparofl 
solutions of stannic chloride are not col«Mtre<i by stannous cliloride, but those which 
have been kept for some time acquire thereby a yellow coh^iir, nrising, accoiHling b» 
Gerlach, from the formation of sUiijuic oxychloride. In a coneenlrated limpid solu- 
tion of stannic oxychloride, sbninous chloride dissolves with dark brown colour 
(Gerlach). 

A solution QOIltaining tho chloridt^s of so^liurn, p<»laK«iurn, litliium, caesium, and 
rubidium^ togeSw with free hydrochloric, gives with stannic chloride a erystaUino 
precipitato consisting of Des|ply pure CfP»iuni »tann<ti'}duriiii\ t 'h'‘^Sji*'( d* or 2CsCl.iSi»Cl‘ 
(^Imrplss, Jm%. J. [2] Hrii. 178; ZeiUchr.f. Chem. [2j r. 100). 

• 'HBHncr (^«7**Ar. /. Chem, [i] i. 4irj) otitairaHl fmin a Br^luilon of Htanriie chtorido prepared hf 
tJrtSiUng 8 t 4 tunou« cltloriUe with liii roiiiuriatir a/ i«J and u> a winO-r U;riij>cTaturc, transparent 

colourless rhombic oonihodrons of the i»aJt SnCr . yii*U, wliich deiJqut-»c<xI w!»en hcaU*d above 10 ^. 
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Density of Aqueous Solutions <?/SnCl^.6H^O at 15®. 


p 

D 

P 


P 

D 

P 

D 

0 

1-000 

25 

1-1681 

60 

1-3661 

75 

1-6543 

1 

1-006 

26 

1-165 

51 

1-376 

76 

1-669 

2 

1-012 

27 

1-173 

62 

1-386 

77 

1-683 

3 

1-018 

28 

1-180 

63 

1-396 

78 

1-698 

4 

1-024 

29 

1-187 

64 

1-406 

79 

1-712 

6 

1-0298 

30 

11947 

66 

1-4154 

80 

1-7271 

6 

1-036 

31 

1-202 

66 

1-426 

81 

1-743 

7 

1-042 

32 

1-210 

57 

1-437 

82 

1-759 

8 

1-048 

33 

1-218 

68 

1-447 

83 

1-775 

9 

1-063 

34 

1-226 

69 

1-458 

84 

1-791 

10 

1-0593 

36 

1-2338 

60 

1-4684 

85 

1 -8067 

11 

1-066 

36 

1-242 

61 

1-480 

86 

1-824 

12 

1-072 

37 

1-250 

62 

1-491 

87 

1-842 

13 1 

1-078 

38 

1*259 

63 

1-503 

88 

1-859 

14 

1-084 

39 

1-267 

64 

1-514 

89 

1-876 

15 

1-0905 

40 

1-2756 

66 

1-5255 

90 

1-8939 

16 

1-097 

41 

1-284 

66 

1-538 

91 

1-913 

17 

1-104 

42 

1-293 

67 

1-550 

92 

1-932 

18 

1-110 

43 

1-302 

68 

1-563 

93 

1-950 

19 

1T17 

44 

1-310 

69 

1-675 

94 

1-969 

20 

M236 

45 

1*3193 

70 

1-5873 

95 

1*9881 

21 

1T30 

46 

1-329 

71 

1-601 



22 

1-137 

47 

1-338 

72 

1-614 



23 

1-144 

48 

1-347 

73 

1-627 



24 

1-151 

49 

1-357 

74 

1-641 




Stannic chloride added to amyl alcohol c6oled by a freezing mixture, unites with it, 
producing the compound SnCl^2*C*H'*0, which forms colourless tabular deliquoseent 
crystals, instantly resolved by water into stannous chloride, hydrochloric acid, luul 
amyl alcohol. The crystals heated to 100® are decomposed, chiedy in the manner 
represented by the equation: 2(SnC1^.2G*H'-0) s=» SnCl^. 311*0 + SnCP.H*0 + 
3C*H'® + (Bauer a. \Ue\n, Zeitnchr./. Chem. [2] iv. 370). 

Iodide. Crystallised stannic iodide is most easily obtained by gradually adding 
4 pts. of iodine in small portions to 1 pt. of tin-foil immersed in 6 pts. carbon bisul- 
phide contiiined in a closed vessel and well cooled, decanting the solution as soon as it 
acquires a pure yellow colour, and leaving it t-o ovaporate; 1 pt. c<irb<m bisulpliidu 
dissolves at ordinary temperatures 1-46 pt. stauuic iodide (R. Schneider, Jahnsh. 
1866, p. 229), 

Stdtinlo Oxide* Acids* and Salts. The distinguishing characteristics of stannic 
and metastannic acids have been further examined by Barfoed {J. yr. Chem. ci. 368 ; 
Jahresb. 1867, p. 267). Rcacti<yn with Caustic Soda. — Ordinary or a-stannic acid 
dissolves easily in soda-ley, and is not precipitated by the excess of the alkali. Mi ta- 
or 5-staniiic acid is completely precipitatod by soda-ley from a moderately dilute acid 
solution, in the form of sodium metiistannate.* The precipitate is easily soluble in 
water, insoluble in dilute soda-ley and in weak spirit. When dried it forms wliite, 
gummy granules, and when pulverised is easily dissolved by treatment with hydro- 
chloric acid and subsequent addition of water. Stxlium raetastannato precipitated by 
soda-ley from the hydrochloric solution of metavStannic acid, washed with alcohol and 
dried at 100®, was found to have the composition Na*0.9Sn0' + 8IP0. 

Reaction with Hydrochloric Add. — The hy<lroclilorkle of rt-stannic acid dissolves 
easily in hydrochloric acid of sp. gr. PI. When this solution, which alters hut slowly, 
is distilled, the whole of the tin passes over as tetrjichloride. The hydrochloride of 
metastannic acid is insoluble in hydrochloric acid of sp. gr. IT, and is easily purified 
by washing with such jicid. The recently prepartni perfectly pure compound forms a 
colourless solution ; tlie yellow colour which it commonly exhibits arises partly from 
residual nitric acid (which sets chlorine free), partly from iron and other impurities. 
The solution decomposes rather quickly, and with greater facility as it is more dilute 


* According to Frdmy, sodium metastanxiate dissolves slowly, but completely, in water (v. 821), 
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and contains less ^id ; the solid compound likewise undergoes a similar decomposi- 
tion and becomes insoluble. By strong hydrochloric acid, recently prepared and still 
moist metastannic acid is gradually converted into stannic acid ; after drying at 100® 
it undergoes the same change, but loss easily. ♦ The proportion of motasutninc acid 
thus converted increases with the quantity of hydrf>chloric acid, the time of contact, 
and the temperature. Consequently the hydrochloric acid solution of moUstauiiio 
acid always contains more or less stannic acid, which may he separated in the manner 
above mentioned ; and herein may bo foUiul an explanation of the fact that tho hydro- 
chloric acid solution of metastiinnic acid likewise yields by distillation a certiiin 
quantity of stannic chloride. 

Reaction with Hydrogen Sxd^ahide . — Tho precipitates formed hy h 3 ^lpogon sulphide 
in both modifications of stannic acid are always mixtures of stannic sulphide with 
a or 6 stannic hydrate ; they are not, however, itientical. Ilecontly prepared, con- 
centrated and acid solutions of sLtnnic chloride form a light yellow precipitate which 
retains its colour unaltei^ ; non-acid solutions yield a reddish-yellow, ami very dilute 
solutions a white precipitate, which turns yellow only when washed. All these pre- 
cipitates in the moist state, after washing, contain, besides stannic sulphitle, variable 
quantities of a-stannic acid ; they dissolve easily in alkaline and in warm dilute 
hydrochloric acid, the solution exliihiting all tho reaetiona of «-stannic acid. During 
drying they continually give off hydrogen sulphide, assume a dark brown or nearly hhick 
colour, and are then no longer jawfeetly soluble in soda-ley. Metastannic acid is A'ory 
slowly attacked by hydrogen sulphide. Dilute hydrochloric aciti solutions of it form, 
with hydrogen sulphide, a white precipitate consisting esaontially of metastannic 
hydrate; concentrated solutions, a yellow-brown precipitate; both precipiUitcs, when 
kept for 24 hours in closed vessels, assume a dark brown colour, and when di*iod turn 
black and give off hydrogen sulpliide. ISinco, when metastannic acid is dissolved in 
strong hydrochloric acid, a certain portion, variable according to circumstances, is 
converted into stannic acid, it follows tliat these precipitates are mixtures of those 
which would be produced from pure sbinnic and pure mebislaniiic acid ; they thoro- 
fore contain stannic and metastannic acid together with stannic sulphide, nmi are on 
the avenige less rich in sulpliur than those wliidi are formed from stannic acid. Whoa 
treated with soda-ley, they leave a white residue of sodium metistsinnati^ and like- 
wise yield with colourless arnnumiumsulphydrate a white precipilato, which disappears 
on liofiting the liquid. In warm jn^Uish, ammonia, and hydrochloric acid they 
dissolve with moderate facility with aid of heat. 

From tho preceding reactions, Barfoed regards treatment with soda-ley as the best 
means both for tho qualihitivo detection and for tho separation of tlie two stannic 
acids. For quantitative estimation ho determines the total quantity of tin in one 
alit^uot part of the solution, and tho amount of metastannic acid in another by pre- 
cipitation with. smla-Iey. In the filtrate and wasli-water thereby obtained, the 
a-stannic acid may, for verification, bo sepanited by hydrogen sulphide from the solution 
acidulated with hydrochloric acid, and estimated by known methods. 

Musculus {Compt. rend. Ixv. 9G1) describes certain hydrutiis intemK^liato between 
ordinary stannic hydrate, (SnO'.JDO), and metastiwinic hydraU\ (Sn-H.)*" , ftIDO), and 
produced from tho former by ktaping under water. Kecently prejiarod stannic 
hydrate (precipitated from stannic chloride by ammonia) dissolves easily in strong 
nitric and hydrochloric aciil, also in caustic potash, and is preci jjitjil.ed hy a largo 
excess of potash as a crystalline jH)wder. After several hours' immcTsion in water, 
dt loses its solubility in nitric acid, and when treatiMl in iiotassic solution with excess 
of potash, yields an amorphous precipitate (secoml hydrate). AIIit several days it 
becomes insoluble in hydrochloric acid, but still remains soluble in potash (third 
hydrate). 

From metastannic acid, into which these two hydrates are ultimately converted, 
they are distinguished by tho fact that they still diHs</lva in strong lijdnxihloric and 
nitric acids in presence of alkaline chlorides. Metastannic acid, t.r<‘ated wit h !x.>iling 
concentrated potash-ley, yields at first the p>taHsium salts (yirrespmiding U) the third 
and second hydrate, which separate in consetjuenco of their sparing solubility ; it is 
only when tho solution has become very concentrated that {Ty^talH of or«linary |)ota8- 
sium stannato are formed. The potassium salt of the second hy^lrato contains 2 at. 
tin to 1 at. potassium ; that of the third hydrate 3 et. tin U) 1 at. piotassium ; tho 
corresponding acids are therefore representwi by the form a lie : 

Sn^IIft)** for the second hydrate, 

Sii*H*0* for the third hydrate. 


* On the conversion of stannic into metasUinnic acid, soe v. 830. 
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When motaetannic hydrate is boiled with concentx||ll3 hydjptK^ acid, and tho 

liquid separated frdhi the precipitate is saturated witMhydwjchlorlc acid gas, a pre- 
cipitate x§, f?)rm^ containing the hydrate Sn'H^O** f the remising acid solution leaves 
on evapofation-# crystalline, very deliquescent ac^j soluble in ether, and 

consisting, according to Musculus, of a mixture ; hydrated stinnic 

chloride, and tho hydrochloride of the hydrate * Jfrom these observations 

Musculus infers the existence of a series of polystinnic acids analogous to the poly- 
silicic acids. 

Sodium Stannate. Na^Sn^O® or Na®0 . SnO®. — Of this salt three hydrates have 
been previously obtained, containing 3, 8, and 9 mol. water (v. 819). Another 
hydrate, Na^SnO* + lOH^O, crystillises in large prisms from dilute solution by 
evaporation at a low temperature. These crystals form only in pure solutions, 
especially in such as are free from excess of so^; they are very offiorescent, and 
decompose in aqueous solution at 80®, with separatton of stannic hydrate laddibion of 
soda prevents this decoiaposition (Scheurer-Kestner, Bull. Soc. Chim. 

licspecting staiinates containing platinum, see p. 1077. 

Belenides (Sclineider.^Pn^^, Ann, cxxvii. 624; Bull. Sog. Chim. [2] vi, 449; 
Jahresh. 1866, p. 227). — The monoselenide or starmous selenide, SnSe, may be obtained 
crystallised and quite pure, by heating finely pulverised selenium with fused anhy- 
drous stannous chloride till the mixture appears transparent in thin layers : 2SiiCl^ 
■+■ So =« SuSe + 8n01^. Stannic chloride then volatilises, and tlio stannous selenido, 
which remains dissolved in the excess of stannous chloride, crysUvllises out on cooling. 
The product which Uelmann obt<vined (v. 821) by fusing 3 pts. tin with 2 pts. seie- 
iiium generally contains free tin ; it may be converted into tlie pure mongselonide by 
fusion with sttinnous chloride as abov'e. 

Stannous solonide crystallises in prisms or larninaR resembling stannous sulphide, 
arid probably isomorphous with the crystds hai'e a sp. gr. of 6*24, a stoel-groy 
colour and metallic lustre ; may be^Heated in a ch>so vessel or in a stream of hydrogen 
without id teration, bat are slowly converted into stannic oxide when heated in tho 
air, and are scarcely attacked bjf aqueous soda or ammonia, even at tlio boiling heat 
(in which respect they differ from tho monoselenide prepared in tho wot way), but 
are dissolved with red colour by tho sulphides and seicnidos of tho alkiili-nietals. 
Boiling hydrochloric acid dissolves them slowly, with solution of Iiydrogen selenide; 
strong nitric acid at the boiling heat colours them brown-re<i from separation of 
selenium, and ultimately converts them into selonious and selonic acid; nitromuriatic 
acid dissolves them with facility. 

An intimate mii^ 2 mol. stannotis selenide (4 pts.) and 2 mol. iodine (5 pts.) 

liquefies at a solidifies to a re<i-l)rown mass, wliich is dissolved by 

carbon bisulphide raEi'Hf^ellowish liquid, with a residue* of stannic selenide (with small 
quantities of stannous selenide and Sree seleuixim). Tho solution when left to 
evaporate first yields dark red crj’^stals J|| selenium ; thou, to the last drops, clinjino- 
rod octahedral cr^tals of stannic io^me: 2SiiSo -f- 1* = Snl* *= SnSo'*. With 
twiceAhe quantity of iodine tho reaction takes place with equal facility, and without 
8epai|pion of iodine: SnSo I* = SnJ^ -h S-.* ; on treating the prcxiuct with c;irlxjn 
bisiilpnide, the greater part of tho selenium rimiains undissolvod. A solution of 
iodine in carbon bisulphide acts on stannous selenide in tlio same way at ordinary 
temperatures, the excess of iodine remaining dn solution uiieombined, together with 
selenium; compounds of selenium and iodine cannot therefore bo obtained in this 
manner. Bromine acts on stannous selenide in a similar manner to iodine, combining 
with it in the cold with a hissing noise and rise of temperature ; more quietly when 
added with iigitation to tho selenide immersed in c<irbon bisulpliide. Tho protliicts 
are stannic bromide and shinnic selenide, or stannic bromide and selenium, according 
to the proportions used : 2 SnS 0 + 2Br2 = SnBr* -I- SnSe- ; and SnSe + 2Hr'' 
r= SnBr* + Se. When more than 2 mol. bromine are used to 1 mol. sUinnous 
selenide, selenium bromides are likewise formed. 

The biselenide or stannic selenide., SuSo'-*, is very .easily decomposed by heat, and 
cannot therefore bo prepared either by heating a mixture of its elements, or by a 
process similar to that generally used for preparing tho bisulphide (mosaic gold) ; the 
compound described by Little (v. 882) as biselenide of tin was probably only mono- 
solenide. The biselenide may however bo prepared by means of the above-mentioned 
reaction between iodine and tho monoselenide. 5 pts. of ifxline are triturated to a 
Homogeneous mixture with 8 to 10 pts. of crystallised shinnic io^lide; this is 
intimately mixed by gentle trituration with 4 pts. of levigated stannous selenide. 
and carbon bisulphide is added, with rapid stirring, in sufficient quantity to form a 
pasty mass, which is then treated with a large quantity of carbon bisulphide to 
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dlssolre tho staiinic ^did»*S^||ft©r washing with carbon bisuiohidet the stannic 
seleinde remains as an^^stw^y crystalline powder, which wlien^ed has a specific 
gravity of 4*86, and a dl^ colour, becoming darker a^lOO°. is not 

attacked by ^t©r or scarcely by strong boiling h^drcx-hloric acid; 

reacts like the monoselenfdo W and iiitroinuriatic acid. Heated with strong 
sulphuric acid, it formSv^folive-gSeen solution, fiv>in which, w*hen poured into a large 
quantity of water, selenium is separated as a roil powder, while stannic sulphate 
neitiaiiis in solutiotu In caustic fixed alkalis and anunonia the bisclenide dissolves at 
ordinary temperatidfes, forming blood-rcd solutions, from which it is precipitated by 
acids, 1 mol. stannic selenide gently healed witli 2 mol, iodine melts to a dark rod 
liquid, which, when further heated, ;^ields a sublimate of iodine and afterwards of 
stannic iodide, and after solidification may bo resolved by carbon bisulphide into 
soluble stannic iodide and a resi^J^e of selenium: SnSe'^ + 2P ~ Snl^ + Bo. A 
solution oOgdin® carbon bisul[^de acts on stannic selenide in the same manner. 
j3roa|||i^.|n a similar reaction. • 

The statement of Proust (v. 828) that stannic sulphide and chloride 
are formed by the action of sulpliur on fused stannous^ChloHde does not ajqienr 
to be correct. The reaction is in fact analogous to tiiut wdiiih takes ])laco with 
selonium (p. 1096), the products being stannic chloride, which Yolatilises, and stannous 
sulphide, which rjamai ns dissolved in the excess of stannous chloride, and separates in 
crystals on cooling (Bchneider). 

Platinum-tin Compounds (Schneider, Ann. cx.vxvi. 106; Zeiischr. f. 

Chem. [2J v. 613). — When a solution of platinic chloride containing 0 01 grin, 
platinum in a cubic centimetre is mixed with a moderately strong st)luLion of stannous 
chloride in Ifydroclihiric acid, tlie mixture, if kept in a closeil V(‘ssel, gnidunliy turns 
dark brown, and yields a brown procipimto with ammonia. To precipitate all the 
platinum requires at least 3 mol. st.innous clilorido to 1 mol. platinic cliluride. The 
reaction may perhaps bo supposed to take place aS ipepreBentod by the equation : 

2rt02 + 6SnO - Pt‘0 + §Sn*0*, 


assuming the formation of a hypoplati nous oxide containing only Iialf as mtich oxygon 
as platiuous oxide. The compound Pt*0. 3Bn CP or Pt-0 . 3S)iC> . .'l.SnO* may aiujord- 
ingly bo designated as hypoplatinoao-stannom^ aiaunaie (Sc}irieid(;r calls it cinnsnures 
Platinoxydid'Zinnoxydul). The brown compound Injatod witli soda-Jtiy dues nut,, 
however, yield the supposed oxide of platinum, but a black substance, Na*Pt.'‘'Sn '()** or 
Pt*0 . Ka*0 . 2SnO^, \mich may be called 8od%<t^h.ypoplatinou& tiannoUe. llynojdatinoso- 
stannous stanuate, fused with potassium carbonate and yields ]H)tassio< 

plaUnous Bulphostannate, (p. 1077)» The salt was formerly 

supposed by Schneider to contain oxygon sp well as sulphttr'^ but mure recent 
experiments have shown that this supposition is Incorrect. • 

VXTJkVXVMm Titano-phospkoric chlorMli TiPCl* =: TiCl^.^P, analogous to 
the tin compound, Sntfi^.PCl', described by Casselmann (v. OT9), is pro fj^c ed, 
according to Tiittschow {An7i. Ch. Pharm. cxli. Ill), by heating an intimate ittlHiure 
of 1 pt. titanic oxide, TiO'^ (16 grni.) and 3 mol, phosphorus pentiu’hlorido 
(116 grm.) in a retort, continuing the heat for a consideratde time after t.lie reaction 
is cornpietetl, in order to volatilise the jdaisj^horus oxyclilorido which is likewise 
tormod ; TiO'** + 3PC1* =» TiCP.PCP + 2POC'P. It is also formed, according to 
Weber {Popp. Ann. cxxxii. 462), by the direct mixture of the component chl(*rides, or 
by |>as.sing their vapours togotlior through a red-hot gl}i.‘^H tulie; but tlie jm/duct tlius 
obtained is contaminated with js^rtions of the uncoriibined chlorides. It. nuiy bo 
obtained pure by passing chlorine into a mixture of phosplnirus trichloride with excess 
of titanic chloride, and heating the product gently towards the end in a streaiii of 
chlorine. 

Titanophosphoric chloride is a lornon-yellow, Indistinctly crystalline mass, wljich 
dissolves without decompfjsition in ether, and remains as a gunmiy mess on cAapora- 
ting the solution ; it is also dissolved in small quantity by phosphorus oxychloride, but 
cannot easily be sepvrated from the solution. Water and moist air decompose it 
rapidly. Placed under a receiver with water and quick lime, it leaves, after a few 
days, titanic hydnite which is quite free from phosphoric acid, ant], after remaining 
for Btjme time, contains only a trace of chlorine (Tiittschow), According Ui Weber, it 
volatilises when heated, witliout previous fusion, and condenses to a yellow powder 
on cooling. It is very bygjvjscopic, and dissolves in dilute acids to a yellow liquid, 
which after some time dcp>sits a gelatinou.s precipitate. 

The compound TiCP. PO CP is formed by drf>pping phosphorus oxychloride into 
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excess of >^tai;iic chloride, and is obtained by warming the apl^ified mixture till 
it inelts^ and^ecanting the pojWQ Which remains tti^jd after cooling, 

from the Srystallihe mass which constitutes the compound in questioW. It is colour- 
less, easily fusible, icnd very hygroscopic (Weber). ♦ 

A mixture of titanic chloride and ’sulphur chloride, saturated with chloHne gas and 
gently warmed in a steeam of chlorine, yields titano-sulpAurops chUoti^t 2X101*. SCI*, 
as a sulphur-yellow powder, which is decompdlBe€h|lit a stronger heat, is very deli- 
quescent, and dissolves in dilute nitric acid, with formation of sulphuric, hydrochloric, 
and titanic acids. The compound which H. Bose obtained (r. 636) appears to have 
been merely a mixture (Weber). ^ 

TItaiklo Bydrates (Tiittschew, loo, «<.). — Thecii^rate obtained by the action of 
moist air on titanophosphoric chloride has, after drying^dver oil of vitriol, the com- 
position of the normal hydrate, or tita^i^ acid, TiH*Q^t At 11 0°-120° it gives off 
15*60 p. c. water, and is converted inter tml first anhyds^a, TiH^O*. In appearance 
and properties the normal hydrate resembles the hydra^ obtained by boiling witli 
sulphuric acid, which after drying over oil of vitriol has the same composition. The 
latter (5-titanic acid, metatitanic acid, or metatitanic hydrate) heated to 120®, leave® 
the hydrate Ti*ll®0'®, and at 140® the hydrate Ti*H*0®, previously observed by 
Demoly. The hydrate obtained by precipitation with ammonia, to which Demoly 
asaignil the formula 3Ti0^-6H=*0 or Ti*H'®0*', was found by Tiittschew, after drying 
in a vacuum, to conbiin Ti®II*0®, At 140® this hydrate is converted into Ti'^H-O^. 
From these results Tiittschew infers the existence of a series of polytitanic acids 
analogous to the polysilicic acids, and formed from normal titanic acid according to 
the general equation : 

nTin*0* - mR^O = 

The following table exhibits the composition of the hydrates of titanic acid, ns 
determined by the observations of different chemists, by no means always accordant: 


a Titanic acid (precipitated by ammonia). 


Air-driod , 


Pi*ied in a vacuum . 

„ over sulphuric acid 
„ at 60® . 

.. ' „ 100 ® . 

„ „ 140® . ^ ‘ 

, , over sulphuric acid in a vaci 
„ at 140°, olt iu H vacuum 


TiO^SIPO = TillW 
TiO*. 211*0 « TiH*0* 
3Ti0*.6H*0 Ti»H'®0" 

TiO*. H*0 «'Ti*H-0» 
TiO*. IPO « TilPO* 
4TiO*. 311*0 *= Ti*H®0» 
2TiO*. 11*0 « Ti*H*0* 
2TiO*. 11*0 * Ti*H*0» 
2TiO*. 11*0 = Ti*H*0» 
3Ti0*.2H*0 =. Ti*H*a» 


|Merz.*^ 

Demoly.f 

Tiittschew. 

Merz. 

Merz. 

Demoly, Merz. 
Tiittschew. 
Rose.f . 
Demoly. 


b or Metatitanic acid (precipitated by boiling the sulphuric acid solution). 


Dried over sulphuric acid . . Ti0*.2H*0 

„ at 120° 3Ti0*.4H*0 

Air-dried TiO*. H*0 

Dried over sulphuric acid, or at 60® . 2TiO*. H*0 

„ at 140® 3Ti0^.2H*0 

„ at 100® 3TiO*. H*0 


TiH*0* Tiittaehew. 
Ti*II"0*® Tiittschew. 

TiII*0* Merz. 

Ti*IPO» Merz. 

Ti*H*0® Demoly, Tiittschew, 
Ti>H*0» Merz. 


Hydrate formed by moist air from Titanophosphoric chloride. 

Dried over sulphuric acid . , , Ti0*.2H*0 = TiH*0* Tuttschow. 

at 110®— 120® .... TiO*. H*0 = TiH*0* Tiittschew. 

For the preparation of pure titanic acid, and its separation from zirconia and ferric 
oxide, the following method is given by Streit a. Franz (J. pr. Chern. cviii. 65 ; 
Zeitachr f. Ckem. [2] vi. 256). Finely pulverised and levigated rutile is intimately 
mixed with three times its weight of potassium carbonate, and fused in a Hessian 
crucible, and the fused mass is poured in a thin layer upon an iron plate. It is then 
finely pulverised and exhausted with cold water, whereby silicate and tun^tate of 
potassuim are removed, while potassium titanate and ferric oxide remain undissolred. 
The residue is dissolved in crude hydrochloric acid, rise of temperature being 
prevented as far as possible ; the resulting solution is generally somewhat clouded 

• Jaht etb, 186<}, p. 187. t 1848, p. 270. t Ann. Ch. intarm. lii. 268. 
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with silica, oxide cotitainsd in the solutionk is reduced by^hydroaen 

sulphide, and tix^exc^sa of that reagent is driven off at Ibout US®. Tll« liquid is 
then filtered, BMblfed with J to | of its volume of acetic acid of gr, 1 038, and J of 
volume -Ilf dilute sulphide acid containing 1 vol. hydrogen sulphate to 5 vol. 
water, and boiled. Af^r eight or ton hours' boiling, the whole of the titanic acid is 
precipitated white and f^^ iron. It is easily washed, but when nearly 
pure is slow in settling down ; "4 m deposition may however be accelerated by adding 
acetic acid to the liquid. 

When solutions df ferruginous tiUnic acid are boiled, the titanium is precipitated 
as a very acid ferric titanate ; acetic acid prevents the formation of this compound ; 

BO likewise, .do twrtaric, citrie, oximc acid, dsc. Sugar does not prevent the sojxaration 
of the ferric titanate on boiling, but from a ferruginous solution of tibinic acid 
mixed with sugar, ammoni|^*hrows downop^ titanic acid. Any zirconia that may 
be present rem&Jns, togetl^iv wit^ the iroiil^ih the solution coutaiuing sulphuric and 
acetic acids, 

TOXi AXili YXi»BU‘ZiPBZl>ll. — This compound, the sulphur analogue of 

oxylepidine, is produced, together with thionessal, by the dry distillation of sulpho- 
benzidc, or of benzylic sulphide or bisulphide (p. 1087). 

TOl^Aira. (Limpricht a. Bchwanert., A7m. Ch. P/uirm. cxlv. 330). — A 

hydrocarbon produced by heating toluylone bromide to 130° for ton or twelve hours 
with alcoholic pottvsh : 

+ KUO = C'*II'‘Ur + KBr + U^O, 

Toluyleno Bromo- 

btomide toluyluuo 

C“H“Br + KIIO - C>U1»“ + KBr + H*0 ; 

Bromotoluyleno Tolouo 

also, accortling to Zinin {ZHtschr. f, Chem, [2] iv. 718), when the product of the 
action of phosphorus pontachloride on deoxybonzoin, is distilled with potash 

or heated bo the boiling point: 

+ PCB » C»*H‘»Cl + POCP + UCT 

and 

0‘<H"C1 = UCl + C“U'®. 

Tolane dissolves very easily in ether or in hot ale<ihol, and crystallises from other in 
large transparent crystals, from alcohol in long pri.sm8 or lamium ; molts at and 
distils without dccom^position at a higher temperature. Tolane bromide, is 

precipitiited on mixing the ethereal solution of tolano with bromine, and is likewise 
formed from brominatod toluyleno bromide by distillation or by heating with water to 
140'^. It crystallises from hot alcohol in small fiat needles or naerMOS scales, diss<dres 
with difficulty in alcohol and in ether, melts at 200°~20,')°, and is partly rosolvotl by 
distillation •nto bromine, hydrobromic* acid, needles melting at 86°, and a non- 
crystallising oil. Heated to 120° >^ith alcoholic potash, it yields tolane and acetic 
aldehyde, as shown by the following exjuation : 

+ 2KUO -f CUUO « C««U'® -f + 2KBr h- 211*0. 

TOZ.OBmitZZ>S or TOX^YX. CYAirXX>B, C^U’N - OMU.CN, is pnKlncod 
by dehydration of tolyl-formamidc : N(CH<))(CU1^)U - 11*0 = C^U^N. By boiling 
with soda-ley it is converted into toluic acid. 

TO&irzc ACZZI. The formula C“11'’0* includes tUu two following acids : 

Toluic acid . . C*1I<(C1I>). COOU or C*H*| 

Alphaloluic acid . . C-II*. CT£-{C001I) or C1I» | 

The latter has the constitution of phony 1-acctic acid, and admits of no further 
modification ; but the former ailmits of three isomeric mo<Jifications, ortho-, meUi-, and 
para-, according to the relative positions of the groups CH® and CO*U. 

Ordinary toluic acid (v. 863) is produced by oxidation of coal-tor xylene with 
dilute nitric acid. Now Fittig has shown that coal-tar xylene is a mixture of meto- 
xylene (identical with that which is obtoinwi by distilling raesitvlenic acid with lime) 
and paraxylene, which is identicjil with artificially prepfirofl methyl-toluene, the 
former greatly predominating (see BE?rzKNK, IIomoloouks of, p. 293) ; further, that 
when this mixed hydrocarbon is treated with dilute nitric acid, the paraxylene or 
methyl-toluene is alone oxidised, yielding ordinary toluic acid and tcrephtlialic or 
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paraphthalic acid. Hence it appears that ordinary toluic acid, whidih melts at 176^, 
is paratoluic acid. Orthoxylene, obtained by distilling paraxylic acid with linio 
(p. 293), treated with dilute nitric acid, is slowly oxidised to toluic acid, which is 
slightly soluble in cold water, moderately soluble in boiling water, and crystallises 
from a dilute solution in splendid, long, transparent, spicuiar crystals melting at 
102°; this is orthotoluie acid; its calcium salt, (C^H"0*)^Ca + 211-0, and 

barium salt, (C*'H^O*)'‘'JBa, arO' vei^ soluble in water, and crystallise in slender 
noodles (Bieber a. Fitfcig, Zeitschr. f. Chem. [2] vi. 496). Lastly, by oxidising morio- 
broraoxylene (from coal-tar xylene) with chromic acid, two bromotoluic acids, 
C*lI'BrO*, are obtained, which form calcium salts of different solubility, the less 
soluble crystallising in needles containing (C®H*BrO*)*Ca + 31PO, the more sohddo 
in smaller needles containing 8H'^0. The acid separated from the former of theso 
salts melts at 205°-206°, that from the-latter at 18d°-189°; and by agitating the 
brominated acid melting at 205°--206° with sodium-amalgam for two days, the sodium 
salt of a toluic acid is obtained which, when separated by hydrochloric acid, forms 
slender needles melting at 90°-93°, or about 10 degrees lower than orthotoluie acid. 
This toluic acid, oxidised with chromic acid, yields isophthalic or metaphthalic acid, 
and consequently consists of m eta toluic acid.' 

Paratoluic or ordinary toluic acid is also produced: a. By distilling potassium 
sulphotoluato with potassium cyanide, whereby tolyl cyanide is obtained, and 
Saponifying this compound with alcoholic potash: 

c«n\cn3).so*K + cnk = so=»k» + c«hxch>).cn 

and 

C«H<(CH»).CN + = NII» + 

The acid thus obtained melts at 176°~176° (Morz, Zeitschr. /. Chem. [2] iv. 33). — 
Together with one of the other n»odific<vtions, by heating monobromotolvumu 
<b. p. 178°-185°) with ethyl chlorocarbonato and Hodium-amalgam in a fliusk fitted 
wiyi -an upright condenser and placed in a sand-bath : 

+ Na* = NaCl + NaBr + 

Broniotoluene. Ethyl-chloro- Etbyl toluate. 

carboniito, H 

On exhausting tlie product witli ether, distilling off the portion which boils bob>w 
180°, decomposing the residue witli alcoholic potash, precipitating with liydrocliloric, 
acid,, recrystalitsing from water, and distilling, toluic acid is obtained contaminated 
with a more fuiSiible acid, the whole melting sit 153°; and by repositedly treat ing it 
with a quantity of boiling water loss thsin sufficient for complete solution, the tohiie 
acid is at length obtained pure and melting at 176° (Wurtz, Compt, rend, l-wiii. 
1298). 

Uromotoluic Acids. — Mctahromotoluic ac'ul, C*H’BrO^, produced by oxiilising 
monobrrjmoxyleno (from coal-tar xylene) with potassium chromate and dilute sulphuric 
acid, separates from alcoholic solution as a crystalline powder melting at 205°-206‘^, 
slightly soluble in boiling water and in cold alcohol. Its barium sa/i, (C**ll‘'Br(P>*l>a 
+ 4IPO, ami the calcium sail, (C“iI‘*BrO-)'‘^Ca + 311-0, crysUillise in needles ; the 
silvtr salty 0“II’*BrO‘‘Ag, is a tlocculont precipitate which becomes coloured on expo- 
sure to light; tho ethplic ether ia a fragrant liquid soluble in water, boiling without 
decomposition at 270°-275°, and solidifying in the crystalline format —6°. Nilro- 
Tnetabromotoluic acidy C“H‘'(NO-)BrO-, separates on adding water to the warniui 
imlfttfon of metabromotoluic acid in fuming nitric acid, in the flocculcnt sbite, and 
fotmscoloiirless crystals melting at 175°-176°; the barium salt, [C7*H^(NO'-)BrO-’]-Ba 
crystallises in easily soluble needles; the ailcium salt, [C®iB(NO''')BrO^J-C'!i 
+ 3H-Of in warty aggregsites. Meiadibromoiohiic acitly C*’H*Br-0“, is produced, 
thc^lkgli very slowly, by oxidising dibromoxylene with chromic acid mixture. It is 
insoluble in cold water, and crystallises from dilute alcohol in microscopic neetllcs 
melting at 185°-186°. The eiisily soluble barium siilt, (0*H*Br‘^O''')’'Ba + 911*0, 
forma silky needles; the silver salt, G®iI*Br-0-Ag, is an amorphous precipitate 
insoluble in water (Fittig, Alirens, a. Mattheides, Atiri. Ch. Phar7n. cxlvii. 15 ; Jakresb. 
1867, p. 696). 

Nitrotol uic and Amide toluic acids (Ahrens, Zeitschr. f, Chem. [2] v. 
102)i — Coal-tar xylene, boiling at 138°-14<)°, wjis oxidised with a mixture of 1 vol. 
nitric acid and 3 vol. water, and yielded a mixture of acids which, after distillation, 
conversion into calcium salts, and precipitation with hydrochloric acid, melted at 
72°-75°. This product was gently warmeil with strong nitric acid, the resulting 
nitro-ncids precipitated by water, and, after washing, saturated with calcium carbonate. 
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A mixture of ci^um salts differing in solubility was thus obtained, which wore sepa- 
rated by repeated crystallisation from hot water. — A. The vifrotblnic acid, C*‘ir(lS0-)0^ 
separated from the less soluble calcium salt, crystalliswi in large monocliurc prisniH 
melting at 190° ; its barium salt in ncetlles containing 4 mol. water ; the cidcium salt 
in rhombic prisms with ; the load salt, obtuine<l as a precipitate, crystallised 

from hot water in anhydrous needles. Amidotolnic acid, 0'’Jr(Nir*)()-, formed from 
the preceding nitro-(wid by reduction with tin and hydrochloric acid, crystallises in 
long, yellow, (uipillary needles, molting at l64°-166°. Its barium salt, 
[C'*ll*(NH*)0*]^Ba + 3H*0, is easily soluble in water; the copper, lead, and silver 
salts are sparingly soluble, and obtained by precipitation. Nitroxytoluic acid, 
C**lI®(lSiO'-*)(OH)0^ formed !5y treating" the nmido-acid with nitrous aci.l, f<»rms v('ry 
long golden-j^ellow needles, soluble in water, and melting at 187°-I8H°. Its barium 
salt, [C!“IP(N0*)(0H)0^]-*Ba + 7H^O, is easily soluble in water, turns red \vlw>n 
dried over sulphuric acid, and deliqiiescoa to a lemon-yellow mass on exposure to 
tlie air. 

B. The more soluble calcium salts separated from the last mother-liquor obtained 
as above yield a mixture of two nitrotoluic acids, one crystailising in thick mono- 
ciitiic prisms melting at 220°, the other in capillary lU'cdles melt ing at 217°-218° ; 
the crystalline forms of these two acids are not altered by recrysiaHisation. They aro 
both insoluble in water, easily soluVdo in alcohol. The calcium salt of the acid 
melting at 220° forms woll-detiucd bibular crystals very soluble in water. 

Alpbatolulo or Pbenylacetic Acid. — This acid, first obtained 

l)y Cannizzaro by boiling benzyl cyanide with potash, afterwards l>y Mollcr a. 8t rocker 
ti'itm vulpic acitl by tlio action of baryta-water (v. 86S), is also prcxluced by heating 
mandelic (phenyl-glycol lie) aci<l with concentrated hydritKlic add and a small quantity 
of phosphorus (Crum-Brown, Proc. Hoy, JSoc. Edinh. v. 409): 

- o = ^ 


The meihylic Hlicr of alpliatoluic acid, obtained by tronting the acid with alcohol 
Mn<i hydrochloric acid, is a colourless liquid having a faint odour, n sp. gr, of 1*044 
at 1G°, and boiling witlmut dodjtom position at 220°. Tbo cthylic ctkrr, obtaimwl in 
like manner, haa an unpleasant odour, a sp. gr. of 1*031, and boils at 220° (Jtadzis- 
zewski, Zeitschr,/. Ckem. [2] v. 3)58). 

liicnylhroniacciic or Bro)naf 2 yhatolinc acid, is formed by the action 

of liydrobromic acid on mandelic acid : 


CU(OlI)| 


C«IP 

(XFll 


-f II Br 11*0 + 


cnnrjg;^^. 


A solution of mandelic acid in fuming bydrobromie sicid yields pljonyl-brornacetio 
acid, gradually at ordinary tempcratnrt a, m<ii*(! quickly when heated, in oily di*op» 
which grmlually crystaliiso. By rccrvhtaili.sat ien from carbon bisul pliide, it is 
o]*tnine(i in yellow ])risnis melting at 382". By sodium-amalgam and water it is 
rcduoeil to alphatoluic acid. Potassium hydrate julded to its alcoholic solution 
quickly converts it into phe n y 1 -e thy I -g I y col 1 i c acid: 


+ Kocuc = KUr + cu(OCTe) S 


Tlio resulting solution .filtered from poUi8.sium bromide, Hligljfly aeidulatcd'^ 
hydrochloric acid, then evap<»r,'ite<l over the W'ater-bat h, and mixed with Jukcirgfel 
Water, leaves a ycllow'ish oil, c<m.si.sling of p!ieny!-» tiiyI-glycolIic, acnl, which nij^yt ho 
convert<fd int/) a barium salt and separ.ited ilien fVom l?y liydro(ddoric ftCid, thev 
form of a transparent, nncrvHtalli.-abb*, glutinous mags resembling bird-HmC. ’“'Itg 
salts are also mostly ainorpln>us. 1 be ftarimu mdi is very sf>lubl(? in water, and 
remains as a gummv mass tm evaporation in a v,u*unm. 'i'he //od Halt is sparingly 
soluble, and becomes cry.st^illiiic on standing. The ndver .salt is a while pulverulent 
precipitate (Glaser a. Kadziszewski, Z/'iUchr. f. ( hetn. [2] Iv. 140), 

Phcnylchloracetic av Chloral phatolaic acid, b'lIPI j is prepared 


by heating mandelic acid w'itb excess of fuming hydnK*}iloric acid to 146° in sealed 
tubes for twi> <jr tliree heurs, diss dving the resulting oil in srslium carbonate, 
decolorising with animal charcoal, and precipitating with hydrf chloric acirl. It then 
sepaf itcs a‘i a cdoeib oil, which {»ridnally solid. ties, and the mother-liquor yield# 
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the game acid in white rhomhoidal tablea. It is soluble in a]co]io^ euMv, carbofi 
bisulphide, and chloroform, slightly soluble in water, melts at 78®, and solidifies iu 
prismatic needles. Its salts crystallise with difficulty. In dilute alcoholic solution 
It is easily converted by sodium-amalgam into alphatoluic acid. By boiling with 
excess of potash it is converted into an acid soluble in water, the barium salt of 
which the form and composition of the mandelatc (Badziszewski, v. 356). 

i ^ 

Phenyldiehlor acetic acid^ obtained either by the action of dry 

chlorine on the monochlorinated acid in sunshine, or by passing chlorine gas through 
the same acid in a U-tube immersed in boiling water, and purified by conversion into 
sodium salt and precipitation with hydrochloric acid. It Then separates as an amber- 
coloured oil which gradually solidifies, and the remaining liquid becomes filled 
with square tables united in laminar groups. It melts at 69® and solidifies in 
crystalline scales ; is .slightly soluble in water, and cr^'stallises therefrom in trans- 
parent square tables, from ether in small concentrically grouped needles. Its salts 
crystallise better than those of the monochlorinated acid. By dry distillation, it 
gives off chlorine, hydrochloric acid, and a yellow oil, leaving a carbonaceous residue. 
By boiling with excess of potash, it is converted into an acid easily soluble in water, 
Whe%it is boiled with potash till the solution no longer gives a precipitate with 
sulphuric acid, and then boiled with sulphuric acid and potassium dichromate, it gives 
off vapours smelling like bitter almond oil, and is finally converted into benzoic acid 
(Radziszewski, loc, cit.'). 

Parahromo'phenylacetic acid is formed by the action of bromine on a tolnic 
acid. It crystallises in prisms melting at 76®; its barium and calcium salts 
form nodular groups of crystals easily soluble in water and alcohol. By oxidation 
with chromic acid mixture, it is converted into parabromobenzoic acid melting at 
251®, together with another brominatcil acid which melts at 99®. Nitric acid converts 
it into parabromonitrophenylacetic acid, which crysbillises in prisms. When bromine 
acts on a toluic acid at 150®, the chief product is phenylbroniacetic acid, which by 
boiling with soda-ley is converted into mandelic acid (Radziszewski), 

i 

Paranitrophenylaoetio acid, OH(NO*) < obtained by the action of 

fuming nitric acid on a toluic acid at ordinary temperature a, crystallises from alcohol 
in colourless prisms melting at 114®. Its sodium salt, C“H'*(N0'‘*)0“Na -t- 
crystallises from alcohol in square tables. The acid saturated with ammonia forms a 
yellowish precipibite with silver salts, green with copper salts, white with mercurous 
find mercuric salts. The ethylic etJier obtained by nitration of ethylic phcnylacebite, 
crystallises from alcoliol in rhombic tables molting at 64®. The nitro-acid is con- 
verted by oxidation with chromic acid mixture into paranitrobenzoic acid, melting 
at 230®. 

{ C*TT' 

Para-amidophetiylaceiic acid, CII(NIP) j is obtained, in combination 

with stannous chloride, by treating the nitro-acid with tin and hydrochloric acid. AVhen 
separated therefrom it crystallises in nnereous laminm, easily decomposed by heat or 
by contact with moist air, insoluble in cold water, moderately soluble in warm water 
and in alcohol. Its hydrochloride forms long colourless needles, not volatile without 
decomposition ; the neutral sulphate crystalli.ses easily in six-sided tables. The silver 
salt is a white unstable precipibito ; tlio copper salt is green, and quite insoluble in 
water. 

When the mononitratod acid is re<lucod by ammonium .sulphydratc, and the amidated 
acid is precipitated by acetic acid, a yellowish liquid remains, fn)m which hydro- 
chloric acid throws down para-azophonylaeetic acid. This acid is insoluble in 
cold water, and crystallises from hot water in very long nacreous straw-coloured 
needles melting at 138®. 

Pinxiroph enylacetic acid is formed by treating the paranitro-acid with a 
mixture of nitric and sulphuric acid. It cry.stallises from water in thin needles melt- 
ing at 160®, and easily forms ethers. Another nitro-acid is formed at the same time 
in small quantity (Radziszewski). 

TOXiirXSZirB or A.2ISZX)6TOBXrS2irB. C’lPN = CTT^(Nn*) = 

This base exhibits the three modifications, ortho-, meta-, and para-. The cry.stallised 
base obtained by Hofmann a. Muspratt in 1840, by re<luction of nitrotolueno, appears 
to be paratoluidine ; a liquid uaxlification lately discovered by Rosenstichl in com- 
mercial toluidine, and named ptseudo-toluuline, is most probably the ortho-modifi- 
cation ; and meta toluidine may also be obtained from crude commercial toluidine 

(p. 1108). 
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crystallised toluidiue is obtained by reduction of solid nitrotoluene ; it 
melto at and boils at 200° (Beilstein a. Kuhlborg, Zeitixhr. f. Ch'm, [2] v. /)23). 
Bseudotoluidine, which is liquid at ordinary temperatures, is obtained by roihietion of 
liquid nitrotoluene (Beilstein a. Kuhlbo^), also from crystallisiHl bromotoluune, by 
converting that compound into bromonitrolueue, reducing the latter with tin and 
liydrochloric acid, whereby it is convorttMl into bromotoluldine, and d^bromi- 
nating this base with sodium-amalgam (Hiibner a. Walhich, Zeitachr. v. 139; 
Korner, ibid. 319). The same modification is obtained by heating nitro-acetohiitle, 
C^H*tNO*) . NiI(C^n*0), with alcoholic potash, whereby it is converted into a nitni- 
toluidine, C’H*‘(NO'^)NU^ which crystallises in rhombic prisms molting at 114°; 
treating the nitrate of this base with nitrous acid, which converts it into orthonitro- 
tolueno, C'H’(NO'^) (liquid at ordinary, solidifying at low temperatures, iHiiling at 
227°, and converted by oxidation with clwomic acid into ortlionitrobonzoic acid) ; and 
lastly, reducing this nitrolucno with tin and hydrochloric acid, and dislilliiig the 
product with lime. The toluidine thus obtained, which is orthotoluid i no, is a 
transparent colourless liquid, becoming rose-coloured on exposure to the air, remaining 
liquid at —13°, having a sp, gr. of 0 998 at 25°, and boiling constantly at. 197° 
(Beilstein a. Kuhlberg, Z^itschr. f. Chvm. [2] vi. 102). The pseudotolui dines ol»(ained 
by Kbrnor, and by Hiibrior a. Wallach, exhibit, the same physical charaetors (bmling 
j>oint ]9G°-198°); so likewise does the pseudotuluuline which Rosenstielil oblained 
from commercial toluidine from Cmipier’s aniline works. This commercial toluidine 
is liquid, boils at 198°, and when cooled to 0° yields ordinary crystallisiKl toluidine, 
the remaining liquid still boiling at 198°. On converting this liquid toluitlino iut»i 
oxalate, and exhausting with anhydrous other, ordiimry toluidine oxalate reinainH 
undissolvod, and oxalate of pseudotoluidino dissolves. This salt docompostHl with 
soda-ley yields psoudotoluidino boiling at 198°, and remaining fluid at —29° 
(Kosenstielil, BtUi. Soc. Chini. [2] x. 192 ; Jnhrcsb. 1868, m 744). 

When pseudotoluidine nitrate is treattnl with nitrous acnl, the resulting diazotoluone 
nitrate convorlod into sulphate by treatment with sulphuric acid, and this sulphate 
treated with hydriodic acid, an i'Klotoluono is obtained winch is converted by oxiiiation 
with chromic acid mixture into ortho-iodobcnwic acid, and by fusion with polasli into 
oxyl;enzoic acid. All those com|)onnds, therefore, and the psoudotoluidino from 
which they are derived, belong to the ortho-series. The sanui stories of reactions 
performerl upon ordinary crystallised toluidine show that it has the constitution of 
para toluidine (Kbrnor, ibui. 036). 

Metatoluidine may be obtained from crude commercial t/duidine, ccnitaining 
both the para- and the meta-com]vninds, by heating it with a slight exet ss of glacial 
acetic acid for sixteen hours, whereby (he greater part is converted into crystallised 
nieta-t/olylacetamide, and di.stilling this product with alcx)holic potiish. Metatxdnidino 
then passes over with the steam, and crystalli.ses in large octohedrons melting at 57°, 
and boiling with com])lete decompoHition .'«t 249°; it dissolves easily in abiohol, 
s])aringly in water (Wroblov.sky, Zcitsvhr. f. (JUvm. [2] vii. 185; Ohm. Soc. J. (2] 
ix. 503), 

(.’oupier’s liquid toluidine contains about 30 p. c. of y>seudotoluidine ; commercial 
aniline frequently coiitains more, tlian 20 p. <»f it. l’s»;ui!otoliiidine tloes not yield 
any red compound when luated with arsenic acid, but a mixture of it with crystallised 
toluidine yields a large quantity of red cobmriiig matter conOiining at least 50 p. c. 
rosaniline salt; during tbo j'eaction a large quantity of aniline distils over. A 
mixture of pseudotoluidine with aniline, treated with arsenic acid, yields a large 
quantity of a red colouring matter reseruhlirjg fnehsino, bvit distinguished from 
rosaniline salts by the .solubility of its base in ellior, and the greater solubility of its 
chloride in water. Pseudotoluidine salts mixed with cupric chioraUi dye cotton-wool 
a fine black with a tinge of Tiol<>t (Un.-amst ielil, for. ciL). ‘ 

t CU* 

Sromotoluldines* Monohromotoluidinr, (TH*BrN C*Il"Br | is 

prmluccxi : 1. From broinotolueno, (b. p. 1 79°-l 81°), by conversion 

into nitnjbromotoluene (b. p. 255° -250°), re<hiction of this coTnjrtJund with tin and 
hydrochloric acid, and distillation of the product with caustic stsia. The brornu- 
toluidine thus obtainoti is a limpid oil insoluble in water, turning red-brown on 
exposure tf> light or by proif'ngi'd boiling, crystallising when rmslerately ccM,Jf-d in 
slender nec^dles It boils at 253°-257°, ami dec<mipos4 » to a slight extent when 
distille^l. It forms salts which crystalhse ea-sily from acetic acid, the Hulphato, 
nitrate, and hydroehlorid© in lamina*, tlio oxalate ami tartrate in needles. By 
prolonged agitatifin with smltum-amalgatri, it is <Jela*<aainatc<i and converted into 
orthoioluidine, boilingat 1 96°- 1 98", and remaining liiiuid at —21° (Ilubnera. Wallach, 
f. Ckem. [2j v. 22, 539). 
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Wroblevsky (ibid. vi. 165) has obtained two isomeric bromonitrotoluenes, and 
corresponding modifications of bromotoluidine. Crystallised (para-) bromotoluene 
was nitrated, the solution precipitated by water.; the oily product, after washing and 
drying, was exposed to a freezing mixture ; and the solidified mass subjected to 
strong pressure at a winter temperature. The solid pnxluct which remained did not 
melt at the ordinary temperature of a room. On boiling the press-cake with water, 
an oily product passed over, which did not solidify at — 20®. The solid (o) bromo- 
nitrotoluene recrystallised from alcohol forms long needles, melts at 43°, and boils 
without decomposition at 256°-257°. The liquid (0) bromonitrotoluene remains 
liquid at —20°, has a sp. gr. of r631 at 18°, and boils at 255°-256°. In the solid 
modification the nitro-group appears to occupy the mrta- place. 

a Bromotoluidine prepared from the solid nitro-compound by the action of tin and 
hydrochloric acid is liquid^ and solidifies at —2°. 0 Bromotoluidine prepared in 

like manner from the liquid nitro-compound is solid, crystallises in prisms, and melts 
at 67*^. The nitrate of the a base forms beautiful nacreous crystals, soluble in 
120 9 pts. water at 11*5°; the 0 nitrate forms prismatic crystiils, soluble in 217 4 pts. 
water at 11-5^^, 

2. From acetoluide, C^H';NH(C*H*0) (v. 871). This compound treated under 
water with 2 at. bromine, and gently warmed, is converted into bromacetoluide, 
G’H*Br . NH(C®H*0), which cryst-allises in needles melting at 117°, and when boilotl 
with alcoholic potash is resolved inU* acetic acul and bromotohiidino. The base thus 
obuiiiK'd boils at 220°, is insoluble in water, easily soluble in alcohol, and luis a 
specific gravity of 1*510 at 20°. Tlie nitrate crj'stulliscs in very fine large yellow 
lamime, the hydrochloride in white nacreous prisms, the acid oxalate and acid-sulphate 
in needles (^VVd)levsky, ibid. x. 270). 

3. Together with dibromotoluidirie, by the direct action of bromine on toluidino. 

When 1 mol. bromine is passed, by means of a current of air, into aqueous toluidino 
hydrochloride, or into tlie alcoholic solution of free toluidino, a copious precipitate of 
dibromotoluidino is obtaino<], together with a small quantity of monobromotoluidiiio. 
The aleoliolic solution is mixed with water, the precipitated dibromotoluidino separated 
by filtration, the acid filtrate evaporated to dryness over tlie watcr-batli as long as 
acid vapours continue to escape, the residue then dissfdvcd in cold water, and the 
filtered solution mixed with ammonia, which thn>ws down only monobromotoluidiiio. 
To purify this base it is converted into a cry.stallised salt, and this salt is decompo.s<*(l 
by distillation with potash. The bromotoluidine thus obtained forms ii hydroehlorido 
and nitrate agreeing exactly with those of the bromotoluidine prepared from aeetuluide. 
The nitrate is converted by nitrous acid into a diazobroinob.)lueno, the sulphate of 
which decomposed by alcohol yields ortliobromotohu ne, convertible by 

oxidation with chromic acid into ort hobroniohenzoic arid (Wrolilovsky, ibid. v. 460). 

Dihromoioltcidine, .CII’, cr 3 'stalliscs in long white silky neeclles 

melting at 73°, insuhiblo in water, but soluble in alcohol and ether. It docs not unite 
with acids, is scarcely acted upon b^’’ bromine, hut i.s strongly attacked fuming nitric 
acid, apparently yielding products of oxidation ( Wroblevsky). 

On bromotoluidines, seo further Wnddevsky {Zeitschr. f. Chem. [2] vii. 136, 240; 
Gkcm. Soc. J. [2] ix. 664, 713). 

Cblorotoluldino. C^H^ClN = j — This base has been obtained in 

tlirce modifications, two liquid at ordinary teinperatures, the third solid. 

1. Acetoluido suspended in water and treated with chlorine gas till the vcs.^el shows 
an inereaso of weight corresponding to 2 at. ehhirlne, i.s converted into ehloracet-oluido, 
C’H*Cl. NH(C*H"0), which crystallises in large red laminar eiystals, melting at 99°, 
and resolved by boiling with alcoholic pota.sli into acetic acid and ehlorotolnidino. The 
chlorinated base thus obtained is a colourless liquid sniolling like toluidine; it boils 
without decomposition at 222°, has a .sp. gr. of 1*151 at 20°, dissolves easily in alcoliol, 
but is nearly insoluble in water. Its salts crystallise very beautifully, the nitrate atid 
hydrochloride in prisms, the latter subliming at 100^, the acid suljihate in prisms, 
the acid oxalate in long white needles (Wroblevsky, Zdtschr. f. Chem. [2] v. 322). 

2. Parachloronitrotolueno, C’II®Cl(NO-), obtained by' direct nitration of parachloroto- 
luone, is convorte<l by tin and hydrochloric acid into a double salt 2(C^H''ClNll*. HCl). 
SnCP, from which the tin maybe separated by hydrogen sulphide, leaving paraehloro- 
toluidine hydrochloride, G'lPl'lNIl-.HCl, and from this salt the (para-) cliloro- 
toluidino may be separated by di.stillation with c.'in.stic soda. The chlorinated l»ase 
thus obtained is a colourless, oily, strongly refracting liquid, smelling like ordinary 
toluidine, having a sp. gr. of IT 75 at 18°, and boiling at 236° {i.e. 14° higher than 
the preceding); it becomes coloured in contact with the air. Its hydrochloride forms 
very light nacreous laminjie, which m-ay be purified by sublimation ; the nitrate 
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crystalli^ in thin translucent perfectly white laminee; the sulphute is very soluble in 
water (Stenry a. Radeiszewski, ibid, 642). 

According to a later statement by the same authors {ibid, vi. 167), the chlorotoluidina 
obtained as above crystallises in needles, melts at 85°, and boils at 243°. 

Wroblevsky {Und, 683), by treating pure chlorotoluene with nitric acid of sp. gr. 
1*475, and subjecting the product to fractional distillation, obtained tw'O nitrochlon>- 
toluenes, one (a) boiling at 243°, the other (3) at 263°, both of which remained per- 
fectly fluid at —13°. Both of those were converted into chlorotoluidines by reduction 
with tin and hydrochloric acid. 

a Chlorotoluidine from o nitrochlorotoluene is a liquid not solidifying at — 14°. It 
is colourless, but turns brown on exposiu*e to the air, and has a faint otlour like that of 
toluidine. Sp. gr. 1'1855 at 20°. Boiling jMunt 238°. Insoluble in water, easily 
soluble in alcohol. Its nitrate and hydrochloride crystallise in prisms, the latter 
subliming like sal-ammoniac. 

^ Chlorotoluidine is a liquid when first separated, but solidifies on standing, or 
more quickly when cooletl. Wlien freed from the adhering liquid nuKlification by 
pressure, distillation, and crystallisation from alcohol, it forms laige colourless 
nacreous laminee melting at 83° and boiling at 241°. It is nearly insoluble in 
water, easily soluble in alcohol, and has a faint odour. Its salts crystallise remark- 
ably well, tho hydrochloride in colourless nacreous laininpe with pointed ends, 
subliming like sal-ammoniHC, but much less soluhlo in water than the a salt; the 
nitrate in large shining bibles melting with decomp<)8ition at 169°. 

Tho two chlorotoluidines obtained liy WrobleA'sky are probably identical with those 
(b'seribed by Henry a. lladziszewski ; the second has also been obtiined by Beilstein 
a. Kuhlborg {ibid. 281). 

Witrotoluldlne, C4I*(N0-)(NII*) « Cni*(N(H)] obtained by reduction of 

dinitrotolueno, forms broad yellow shining needles medting at 77*5°, easily soluble in 
hot water, very slightly in cold water. The nitrate fljrms snuiU yellow anhydrous 
laininpe melting with decomposition at 185°. TJie ht/drocldoride forms lulls of yellow 
needles, or, slowly crystallised, long yellow slender noodles ; melts with decomposition 
at 220° ; is moderately soluble in water, especially at the boiling Iieat. The sulphate, 
(C^H“(N0*)(N1H)]* , 11*^80* + 211 0, pale roso-colouri'd needles arranged in stellate 
groups. Tho nitrate is convert e<l l>y nitrous acid into nit > ate of (Haeo7iitroioluene 
CH1«(N0^)N».N0> (Beilstein a. Kuhlberg, /MUchr.f, Chvm. [2J v. 280). 

Vinyl-toluidfne, *= (;^il‘*(CH{*).NIl» (Wurtz, Coinnt. rmd, Ixviii* 

1504 ; ZcUschr, f. Chern. [2] v. 482), is produced by heating 1 mol. toluidine with 
3 mol. glycolic chlorhydrin to 220°-225° for several hours. A thick brown liquid is 
then formed, which dissolves oidy partially in water, with separation of a black floceu- 
lent or resinous mass. On agitating tlio wlu>lo with other, a confii<lerable quantity 
of vinyl-toluidine is dissolved, part of which sumeLimos sejjaraUfl in tho form of & 
powder which may be dissolvo<l in oilier, or better in benzol. Tlio ethereal solution 
when left to evaporate yields coloured erystJils of the same base, which may bs 
purified by washing with a little ether, and recrystiillisatifin from benzol. It then 
forms perfectly colourh^ss prisms irioUitig at 18y°-iyi° and resolidifying at 183°; 
is quite insoluble in water; dissolves in moderjitely concentrated sulphuric and 
hydrochloric acid, but is reprecipitato<l from llicso solutions by water in its original 
state. It is therefore a very wetikbaso, but nevertheless forms a yellow platinochlorido, 
2(C®H'’N . HCl),PtCl^ when platinic chloride is added to its solution in hydrochloric 
acid. Vinyl-toiuidine is likewise forme<l wlien toluidine is hoatetl U> 195°~205° with 
an equal weight of ethylene bromide, the broininated bast; NlI(CHI*Br), which is 

the normal product of tho reaction, being resolved into hydrobrornic acid and vinyl- 
toluidiue. 

The coloured aqueous mother-liquor, from which the vinyl-toluidine has been 
extracted by ether or benzol, contains the hydro ‘hlorides of two bases, 0H1*(C*H*)=N 
and C*H*(C2H*OH)(C2H’')N, in variable projKrrtion ; the latter when pi^ominant 
imparts to the liquid a deep colour and very distinct green fluorescence. These bases 
may be separated by fractional precipitation with platinic chloride, the platinochlorido 
of the di-vinyl base separating out first. The hydrochloride of this base, 
separated from the platiniKhloride by hydrogen sulphide, crystallises with 1 mol. water, 
which is given off at 100°. Ammonia addrjd to tho solution throws down colourless 
oily drops. In an atmosphere of bromine the solution of tho hydrochloride takes up 
C at, bromine, forming a red liquid, which evaporates over quick lime to a ruby-oolouzed 
crystalline mass. . . 

Bmp, 4 B 
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Thjd plaiiTiochloride of the other base, decomposed with hydrogen sulphide, yields a 
yellow solution with splendid green fluorescence, which when evaporated in a vacuum 
leaves a coloured crystallised mass. These crystate dissolve in alcohol, and the solution 
covered with a layer of ether yields the hydrochloride ^ C**H**NO.HCl, in brownish- 
yellow nodules. The concentrated aqueous solution of this salt is brownish-yellow, 
and possesses great colouring power ; when diluted it turns yellow ; and when very 
greatly diluted reflects light with a beautiful ^een colour. The dry hydrochloride 
exposed to an atmosphere saturated with bromine deliquesces to a red liquid, which 
solidifies over quick lime to an orange-red crystalline mass containing about 4 at. 
bromine to 1 mol. of the hydrochloride. The solution of the hydrochloride treated 
with a large excess of hydriodic acid and left to evaporate, yields crystals of the 
hydriodide^ C”H'’NO,HI, which when recrystallisod from water forms golden-yellow 
laminae ; its solution is not fluorescent. With silver nitrate, this salt yields a soluble 
strongly fluorescent nitrate. 

The two bases and C”H*®NO are not true derivatives of toluidine, inas- 

much as they conbiin, not the radicle tolyl, but toJuenyl, C^H*, The group C*H’ 
ill fact gives up and this hydnigen converts part of the glycolic clilorhydrin into 
ethyl chloride and water : C'H^CIO -f H* = C*H*C1 + H^O. The crude coloured 
product of the re:iction contains indeed ethyl chloride, together with ethylene chloride, 
the latter formed according to tho equation, C*H*C10 HCl =** H*0 + 

The hydrochloric acid required for this last reaction is supplied by the reaction of 
3 mol. glycolic clilorhydrin on a single molecule of toluidine (Wurtz). 

TO:bITQTrZirOZa'ES (Graebe a. Boigmann, Zeitachr. /. Chem. [2] iv. 118; — 
Borgmann, ibid. vi. 122). — The di- and tri-chlorinated derivatives of tho quinone of 
toluene are obtained by tho action of poUssium chlorate on crosol, just as the chlorin- 
ated quinones of tho benzono series are produced from phenol. These compounds aro 
represented by the formula) : 

[(St f 

c* c* (OT 

I II ^ 

Dlchlorotolu- Trichlorotolu. 

quiiione. quinone. 

The dichloriimted compoun<l has not boon obtained pure. Trick! oroiohiquinoiie, puri- 
fled by repeated crystallisation from alcohol, forms yellow laminar crystals sparingly 
soluble in cold, more easily in boiling alcohol, easily soluble in ether and in chloro- 
form, almost insoluble in boiling water. It sublimes with aqueous vapours, decomposes 
before it melts, and forms with soda-ley a red-brown solution which after a while 
deposits red crystals. 

TriddorotoluhydroquinonCy C’H*C1W « C*[CH*(OH)*Cl*], is obtained by heating 
tritoluchloroquinone with aqueous sulphui-ous acid, and recrystal Using the resulting 
crystals from largo quantities of boiling water or dilute alcohol, with addition of a 
little sulphurous acid. It forms colourless inodorous needles, dissolves easily in 
alcohol, very sparingly in waler, melts at 212°, sublimes without decomposition, 
dissolves with ro<l colour in ammonia or caustic soda, and in aqueous solution forms 
with load salts a preeipitiite sol uMo in acetic acid. When moist it turns green on 
exposure to tho air. Oxidising agents convert it into trichlorotoluquinone. 

Diacetyl-trichlorotolnhydroquinoney C'H’(C*I1*0)*C1*0*, is formed when trichlorotolu- 
bydroquinone is lieated to 100® for some time with excess of acetyl chloride. The 
resulting crystals may be purified by washing with water and dilute soda-ley and 
sublimation. It melts at 114°, sublimes in prismatic needles, dissolves sparingly in 
water, easily in alcohol and ether, is not attacked by soda-ley even when heated, but 
fuming nitric acid at the boiling heat slowly converts it into trichlorotoluquinone. 

DUthyl-trichlorotoluhydroquinone, is produced by heating tri* 

chlorotoluhytlrqquinoiie (I mol.) to 140®-150° for four hours with potassium hydrate 
(2 mol.), ethyl iodide (rather more than 2 mol.), and a little alcohol, and purified by 
digesting the resulting crystals on the water-bath with strong soda-ley, washing with 
water, and sublimation. It melts at 107^» sublimes in slender needles, dissolves 
sparingly in water, easily in alcohol and ether, is not attacked by potash-ley. 

Monochloroto!nhydro-bi8ulphoquin<rftic Acid. — The potassium salt of this acid, 
C’^H*C10*(S0*K)*, is formed by dissolving trichlorotoluquinone at a gentle heat in 
ooncentiated aqueous potassium bisulphite, and separates after some time as a 
granular precipitate, which by recrystallisation from hot water is converted into 
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white shining lamina. It is insoluble in alcohol, slightly soluble in cold, 
rately soluble in hot water, not precipiuted by barium chloride. With neutral lead 
acetate it forms a white, wnth the basic acetate a yellow precipitate, both soluble 
in acetic acid. It dissolves in soda-ley, forming a yellow solution (Borgmann). 

TOXiV&XC ACZS. C’®H*'NO*. — According to Schultzen a. Naunyn (Zeitaehr. f, 
Chem, [2) iv. 29), this acid is found in the urine after xylene has been swallowed; tiie 
acid which they obtained did not however agree in its properties with that doscribod 
by Kraut (v. 868), the acid itself and the barium salt being uiicrystallisable. The 
rinc sa/^, (C‘®H'®NO*)*/n + 4H^O, crysUiUised in white silvery laminue: tho copper 
siilt, (C‘*H*®NO^)*Cu -f 6H*0, in groups of blue-groon needles. 

TO&VY&BJTS or STZXkBlurB* — This hydrocarbon, discovered by 

iMurent (v. 431), is produced, together with tolallyl sulphide anil thionessal, by the 
dry distillation of benzyl sulphide, bonzvldisulphido, and sulphobonzido (v. 869, and 
iiu'pplemenU p. 1087).— 2, Together with Uduene, by heating bromotoluone with 
sodium : 

4C’H^Br + 2Na‘ = C‘^11’- + 20^1“ + 4NaBr 

(Fittig, Ann. Ch. Pharm. oxxxix. 178). 

3. By tho action of sodium on bonzylcno chloride at tho boiling heat; 2C^H"Cl* -»■ 
2Na* = 4NaCl -f (Limprieht, ihid. 303).— 4. By heating bitter almond oil 

with sodium : 

2Cai«0 + 2Na^ = 2NVO + C'qpa. 

On distilling the product, tho portion which goes over at 266° consists almost wholly 
of toluyleno (C. Or. Williams, Chem. AVtiw, xv. 214), 

Toluyleno crystallises in nacreous plates, ns observed by Diurent (v. 431). It molts 
at 119*5° (Limprieht), at 120^ (Fittig; Williams). Vapour-density = 6*024 (Williams); 
calc, for O' ai*'-' = 6 228. ' 

Toluyleno heated for eight hours to 110°-150°, witli coiicontmteil hydriodic acid, is 
converted, by additiou ot hydrogen, into di benzyl, C**J1*^ which sopiirates from 
alcohol in crystals melting at 48^-50°. By similar treatment with hydrobromic acid, 
toluylene suffers no alteration. In fmnintj sulphuric acid it ilissolves, with formation 
of a non-crystallisalilo sulp!io-acid, whose barium salt, (!‘MP‘Ba.S'''0“, is sopuratod 
from aqueous solution by alcohol, as a yellowish amorjdiouH proc'j])itato. 

With nitric acid toluylene forms resinous, ditheultly crysUillisable nitro-proilnctB, 
one of which separated from the etluircal solution, on addition of alcohol, in yellow 
noiiulos melting at 180°, and having approximately the composition C'41*“(N0*)*. 
This compound was reduced by tin an<l hydrochloric acid to an unstable, insoluble base 
crysUilliBing in needles and represented approximately by tlie formula C'*Il‘®(Nil*)* 
(Marcher, Ann. Ch, Phana, cxl. 86). 

Tolnyl^ne Bromldet* separates almost completely on mixing a 

solution of toluyleno in etln r or carbon bisulphide with bromine, wiiilst substitution- 
products {e.g. C**H'*Br) remain in solution. Tho bromide, after washing with ether, 
and boiling with strong alcohol, consists of small silky iieodleH, slight ly soluble in 
Iwiling absolute alcohol, rather more soluble in ether and carbon bisulphide, mcxle- 
rately soluble in hot xylene, melting at 230^^-236°, and resolved by distillation at a 
higher temjH?raturo into bromine, hyilrobroinic uciil, toluylene, and monobromotoluylene, 
C'*H'*Br. Heateil to 130° for some hours with alcoholic potash, it is convorte<l into 
monobromotoluylene, which latter is further partially converteil at the same time, or 
completely by 10 to 12 hours’ heating to 130° into tolane, (p, J099). Toluylene 

bromide heated with a?n7?nw /a to 1.50° for ciglit hours, or with aniline to 130° for 
twelve hours, is reconverted into toluylene. IfeatiHl with water to 150°, it yields, 
besides hydrobromic acid and toluyleno, a b<Kly, (probably benzilo), which 

crysUilliscs in four-sidi-d notsiles, molts at 96°, and volatilises without decomposition. 
Toluylene bromide heated witli dry silcer oxide and xylene to 140°, <ir with alcohol to 
150°, yields, together with toluylene, an oily Isniy Imving tho eoin]xmition C**H**0*, 

hydriodic acid toluylene bromide is convertwl into dibenzyl, by alcohol and sixlium- 
amalgam into toluylene and dilx*nzyl (Limprieht a. ♦Schwanijrt, Ann. Ch. Pftann. cxlv. 

Woa0br«»BU»tolvylenei C'^H“Br, is a light yellow oily liquid, si>luble in alcohol 
Wid ether, and partially decomposeil by liistillation. BromoUduylenehromide, 

C'*Il"Br. Br*, form^ on mixingihc ethereal s<dution of bromoUduenc with bromine, 

• Tbtfl compound was likewise obtained by MUrcker (JahrtA. 1864, p. 600), who however nigandeA 
u M 0**H**i;t*, 

4 li 2 
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crystallises in white needles, slightly soluble in cold, easily in hot alcohol and in ether, 
jnelting at 100°, and resolved by distillation into bromine, hydrobromic acid, tolaue[ 
and tolane bromide, 

= C»H'«Br* + HBr 


and 


C''H>'Br* « + HBr + Br*. 


The alcoholic solution of bromotoluone bromide mixed with silver nitrate immediately 
yields silver bromide ; heated with alcoholic soda-solution, it yields tolane, and with 
water at 140^^, tolane bromide. 

Tolaylene A.oetate, is formed by heating 1 raol. toluyleno 

bromide and 2 mol. silver acetate for four hours to 130° with glacial acetic acid, as an 
oil precipiUible by water, and solidifying to a crystiilline mass. From xylene mixed 
with a little alcohol, it crystallises in warty crusts melting at 120°. The oxalate is 
formed as a resinous uncrystallisablo mass by heating toluylone bromide dissolved in 
xylene with silver oxalate. 

Xoluylene Jklcoliol, = C“H*-'(HO)*, identical with hydrobenzoin 

(p. 332), is obtained by heating toluylene acetiito with alcoholic potash or the oxalate 
with alcoholic ammonia. It separates from alcohol or ether by spontaneous evapora- 
tion in rather large solid crystals, which soften at 112°, and melt completely at 122°. 
Nitric acid converts it into benzoin, 

Toluylenlo Stlier or Toluylene Oxide, C’^H'^0, pi-obably identical witiv 
deoxybenzoin (p. 332), was once obtiiined by heating toluylene acetate to 120° with 
alcoholic potash, and crystallisod from alcohol in large very flat needles molting at 68° 
(Limpricht a. Schwanert). 

TOl^TXi. CHJ' = C**IT'(CII'*). — A nuliclo isomeric with benzyl, CII*(C*H'‘), the 
former being nuthylatod phenyl, the latter phenyhited methyl. The ditferonce 
of structure of these radicles in the free state may bo represented by tlio following 

formula : 

C®1P(CTP) 

])itolyl. DilxMi/.yl. 

TOl^TXi il.ClSTA.Ti: appears to be formed, ns a liquid having an agreeable o<loiii, 
by heating mouochloroxylcno M'illi .silver acetate (Luuth a. Griniaux, Mull. Soc. (Jhim, 
[2] vii. 233). 

TOXiTXi AHiOBKirOIS, CTTO = C’H^ClIO = C«H^ j is produced, by 

heating monochloroxylene, with ^ mol. load nitrate and 6 or 7 pts. of 

water, as a liquid smelling like bitter almond oil and cinnamon oil, boiling at 200°, 
and capable of uniting with acid stxlium sulphite. 

TOXiY&-rO]tl«A2UIZ3>Zi. Vseudoiolyl formamide, N(CHO . C'HMI), obtained 
by dry distillation of pseiidotoluidine formate, crystallises in nacreous laminae, slightly 
soluble in water, easily in a solution of psoudutoluidi no formate. It melts at 50°, 
solidifies again at 30°, and is resolved by dry distillation, or by heating with phos- 
phoric anhydride, fused (Milciuin chloride, or fuming hydriodic acid, into carbon 
monoxide and pseudotoluidine (Rosenstichl, 2kit8chr,f. Chem. [2] v. 189). 

TOPAZ. Analyses of this mineral from various localities, by Rammelsberg {Jierl. 
Akad. BtT. 1865, p, 264 ; J. pr. Chem. xevi. 7 ; Jahrc&b. 1865, p. 894), confirm the 
formula Al^E^.SiF* + 6(AFO*.SiO'‘*) previously assigned to it by the same chemist 
(v. 875). See also StadoJer (J. pr. Chem. xeix. 66 ; Jahresb. 1866, p. 942). 

TORlMCSIorTZlV (Remlx^ld, Ann. Ch. Pharm. cxlv. 5). — The root of Poteniilla 
TormentUla contains, together with a little ell^ic acid, a largo quantity of quinovic 
acid, and a tannin which is resolved by acids into tormentil-red and sugar. When 
the aqueous decoction of the root is precipitated with neutral lead acetate, the washed 
precipitate decomposed under warm water with hydrogen sulphide, and the somewhat 
concentrated liquid mixed with neutral and basic lead acetate successively, two pre- 
cipitates are obtained, the first of which, a, is pale rod, the second, b, nearly 
white. These precipitates, when well washed and again decomposed, yield corre- 
sponding liquids, A and B. The red-brown liquid, A (whfch does not give up to ether 
either gallic acid or any other crystalline body), deposits, when boiled for several 
hours with dilute sulphuric acid, red-brown, amorphous tormentil-red, together 
with a little quinovic acid. The liquid filtered therefrom contains a sugar which, 
after purification, forms a honey-yellow syrup having the composition C*H**0*. , 
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When the extract-like eva^ration-residue of the liquid A is boiled for some houre 
with strong potash-ley, and the resulting mass is supersaturated witli sulphuric acid, 
ether extracts from itellagicacid (slightly soluble in water), and a crystalline body 
precipitable by neutral lead acetate (perhaps impure protocatechuic acid), turned blue 
and afterwards green by ferric chloride. 

The torraentil-red obtained as above is separated from the quinovic acid by treat- 
ment with baryta-water ; the brown insoluble compound separated by filtration from 
the dissolved barium quinovate is clectunposod while yet moist by hydrochloric acid ; 
and the washed residue is dissolved in dilute ammonia and again decomposed with 
hydrochloric acid. Tormentil-red is thus obtained as a red-brown, amorphous pre- 
cipitate resembling phlobaphone in its chemical relations. It has the same composi- 
tion as ratanhia-red or chestnut-red, and is probably identical therewith, inasmuch 
as it is resolved by oxidation with potassium hydrate into protocatechuic acid and 
phloroglucin. 

The liquid B, obtained from the load-precipitate 6, is nearly colourless, and when 
carefully evaporated loaves yellow-reddish amorphous torm on til tan n i n, having, 
when dried at 120®, the composition When boiled with dilute sulphuric 

acid, it is converted, like chestnut -Uinnin, without sensible formation of sugar, into 
tormentil-red, which has nearly the same composition. Tormentil-tannin precipitates 
solution of gelatin, and gives with ferric chloride a blue-green coloration, changing to 
violet-red on addition of sodium carbonate. The sugar formed by boiling the liquid 
A with sulphuric acid appears to bo produced chiefiy from the quinovin, which is 
resolvable into sugar and quinovic acid. 

The quinovic acid, is obtained in rather large quantity, by twice 

boiling the tormcntil root with thin milk of lime, acidulating the filtrate, boiling the 
washed precipitiito with baryta-water, and again precipitating the filtered solution 
with hydrochloric acid, Tlio washed precipitate is dissolved in a largo quantity of. 
hot alcohol, the reddish solution decolorised with aninnU charcoal, and part of the 
alcohol is distilled off ; the pure quinovic acid tlnni sc)uirateb as a colourless, sandy, 
cry sttil line powder. 

TOir&MAXiXXrB (Ilammelsbcrg, l)cuf. cliem. Ges. 18G9, p. 349; Zeifschr. f. 
Ckein, [2] v. 668). — The tourmalines form an isomorphous group containing the 
following elements : 

Univalent : H, K, Na, Li — F 
Bivalent : Mg, Ca, Mn, Fo — U 
Quadrivalent: Si 
Tri- and Sexvalent: B and All.* 

Each individual tourmaline is a molccubirly isoinorphous mixture of analogously con- 
stituted primary compounds. There are tourmalines not containing Li or Fo, Mn, 
Ca. 'i'he colourless or pale ro<l variety fn)ni Elba contains 0‘2 p, c. ; the brown varicity 
from Windisch-Kappel contains 118 p. c. MgO. Black trjurmalino from Andreasberg 
contains 17 '4 p- c, FeO. Those qualitative and quantitative differences show them- 
selves in tlie colour of the mineral : magnesium tf>urmaHues are yellow or brown ; 
magnesium-iron tourmalines dark brown to black; iron tourmalines bljick ; man- 
ganese tourmalines free from iron are rod, reddish, or ccjloiirlcsH, &c. But, not will i- 
standing the very great variety in the individual constituents, the constitution of the 
tourmalines, viewed as a group, is governed by a very simple law. This law, deduced 
from the examination of 32 varieties, is as follows: Toiirmilincti are tribaeie silicattt 
{JJrittelsUicate). The primary compounds may always be reduced to the following 
silicates : 




JUriiO® 

lisio* 

or 

3R^O.SiO* 

3lIO.SiO» 

R-'0>8j0>. 


The tourmaline group resolves itself into two great divisions. In the first division- 
the atomic ratio All : Si = I ; 2 ; in the second -« 2 : 3. 

Tourmalines of the first division consist of tribasic silicatHS represented by the 

formal* ll*AllBSi*0'® and fi"AU’B*Si«qw. This is the most numerous division, and 
to it belong 26 of the tourmalincB examined by Kammelsberg. They yield 30-32 p. c. 
alumina. Their structure is determined by the proportion of the two silicate moloculea 
aboTe mentioned, and it is found that the simpler ratio 1 : 1, in which li" : All ■ 1 : 1. 


• All - Al’ « M 8. 
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ffreatly predominates^ having been observed in 21 ropresentat/res; and, besides these 
Sie reiation 6 : 2, that is R" : All ^2:3, has been found in only four others (from 

Saar, Riba, Sarapulsk, Goshen). 

Tourmalines of the second division consist of the tribasic silicate-molecules 

and These tourmalines, even in entire crystals, are 

transparent, colourless, or slightly greenish or reddish, or red (precious tourmalines). 
They yield 42-44 p. c. alumina, and are nearly or quite free from iron ; and, inasniuc/» 
as they contain but little manganese or magnesium, the silicate containing R' pre- 
dominates in this case also over that which contains R". The atomic ratio R" : All 
=31:6 (Elba, pale green ; Schaitansk, red) ; or 1 : 12 (Rozena, Paris, red); or 1 : 24 
(Elba, pale red and colourless) indicates in these live varieties a variable proportion 
between the two silicate-molecules, viz. (2:1; 6:1; and 11 : 1). 

Between these two divisions, that is to say, with an intermediate proportion of 
A1 : Si, lies the dark green tourmaline from Brazil, and the similar one from Chester- 
field. In other respects, these varieties containing 6 p. c. FeO conform to the general 
law ; they may be regarded as forming a third division, or as being made up of 
isomorphous mixtures of the other two. Tho latter view is that which Riimmelsberg 
prefers ; for it not unfrequently happens that the colours exhibited by an individual 
tourmaline crystal show that it is formed above and below, or externally and internally, 
of constituents which are chemically dissimilar, although analogous and isomorphous. 

mUClkTIBCZTB* A crystallised variety of silica occurring in clefts and cavities of 
a trachytic porphyry near Pachuca in Mexico. It forms hexagonal crystals, often in 
twins, and having a sp. gr. of 2*326 to 2*290 at 15*^ to 16“’, which is that usually 
assigned to amorphous silica. The crysbils are colourless, and have a vitreous to 
nacreous lustre, which, however, they lose by contact with tho air (G-. vom Rath, 
Zeitschr. /, Che^n. [2] v. 410).- 

TRZaTBTXSVZiPazirZI OTAazaa, S‘" | is produced by digesting 

tho corresponding iodide (v. 611) at 100° with potassium cyanido. It remains, on 
evaporating the alcoholic solution, as a thick syrup, which by slow evaporation over 
oil of vitriol yields colourless, very deliquescent needles. Heated with acids or 
alkalis it is resolved, with addition of the elements of water, into ethyl sulpliido, 
propionic acid, and ammonia ; also when heated with water or alcohol to 120° (Gauho, 
Ziitschr.f. Cheni, [2] iv. 622). 

TBZO»GOZiZ.il.2M[ZC ACZB. See Glycollamic Acids (p, 646). 

XmZMESXG ilCXl». ) 

VIU]ttaX.X.XXXC AC*».J Mellitic Acid (pp. 811, 813). 

TBOPXG BOXXI« Seo Atropic Acid (p. 249). 

T VH GSTEXr. Tho following observations on tho hydrates of tungstic acid 
have been made by Zettnow (Pogp. Ann. exxx. 16, 240; Bull. Soc. Chim. [2] viii. 
37, 174; Jahresh. 1867, 223). Tungstic acid separated from sodium tungstate by 
mineral acids at ordinary temperatures is soluble in ammonia. A hydrate only 
slightly soluble in ammonia, but easily soluble in sodium carbonate, is obtained by 
boiling 1 J pt. neutral or 8 pts. of the acid sodium tungstate with 1 pt. of strong 
sulphuric mixed with a little nitric acid, till the sulphuric acid begins to evaporate; 
then diluting with water ; washing with water, mixed towards tho end of the opera- 
tion with a little sulphuric acid (to prev^ent tho tungstic acid from running 
through the filter) ; and again heating the residue 'with strong s\ilphuric acid till. the 
latter evaporates. The washed and air-dried tungstic acid has a light lemon-yellow 
colour with a tinge of green ; 

.After drying at 50° 120°-130o 200° 

It contains . 8*7 2*5 1*7 p. c. water 

or ^ 2WO>.H*0 3WO».H*0 4WO*.HH>. 

When ignited, it acquires a lighter colour. ^ 

The solution of sodium mouotungstate is not precipitated by sulphurous, hydriodic, 
hydrocyanic, oxalic, or tartaric acid ; but these acids do not hinder the precipitation 
V»y mineral acids. When the solution of a tungstate is heated with acetic acid, 
mineral acids (as in presence of phosphoric acid) do not produce a precipitate, unless 
the solution has been previously neutralised with ammonia. Solutions containing 
1 pt. tungstic anhydride in 10,000 pts. still give a trace of blue colour with zinc 
ai^ sulphuric acid, but are not precipitated or clouded .by potassium ferrocyanide. 
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lead acetate, at atannotia chloride. Solutions containing 0*006 p. c. tungaUc anh3?'* 
dride steo give with these last-mentioned rea^nta Only a slight reaction, and atf 
twice that degree of dilution no visible reaction occurs (lead acetate alone still 
produces opalescence). 

For the estimation of tungstic acid m soluble neutral tungstates, Zetfcnowaeidulstos 
the solution with acetic acid, and precipitates it at the boiling lio#it with a one-tenth 
normal solution of lead acetate. The precipitate of neutral leiwi tungstate, PbWOV 
separates quickly towards the end of the precipitation and becomes heavy *and 
crystalline ; the end of the ex^xiriment may therefore bo recognised with certainty by 
testing a filtered sample. Soluble acid salts must be previously converted into neutral 
salts by addition of ^lium cjvrbonate, and then slightly supersaturated with acetic 
acid ; insoluble salts must be decomposed by fusion with sodium carbonate. 

25eUnow has also made observations on the composition and properties of several 
inotalUc tungstates, and on the properties of metallic tunppsten preparod by various 
processes. Observations on the tungstates have also been published by Ullik {J. pr. 
Chem. ciii. 147 ; Jahresh. 1867, p. 221). 

TUIRACnf. A red pigment found in the wing-feathers of four species of 7\traco^ 

It is extracted by dilute alkalis, and may be precipitated from the solution by acids 
without alteration. It differs from all other known animal augments, in the circum- 
stance that it contains 6 9 p. c. copper, which cannot bo ai'panited without destruction 
of the pigment. The spectrum of this pigment exhibits two black absorption-bands. 

It is constant in composition, even when obtained from birds t>f differont genus and 
species, as, for example, from Musopkaga vidacea, Carythaix albo-cristata, and C. por» 
phyreolopha (Church, Chem. yeu>8, xix. 266; G7Helin8 Handbookf xviii. 420), 

TinUPaarmrS-OXZ». — Vapour of turpentine-oil passed through a ted- 

hi>t iron tube filled with fragments of porcelain, is resolved into a large number of 
hydrocarbons, very difficult to separate, some of which are isomeric with it (Hlasiwsts 
a. Hinterborgor, Zeitschr. /. Chem. [2] iv. 380). 

Turpentine-oil is easily oxidised by poiassitini permanganate. 10 pt«. freshly 
recti turpentine-oil agitated with 600 pts. water reduce in a few hours 28 parts of 
the permanganate (^corresponding with the proportion : O^), if the latter bo 

gratlually added and rise of temperature avoided ; the further oxidation fakes place 
slowly at the boiling heat. The products are: 1. An acid separated from the 
concentrated aqueous solution by mineral acids as a resinous b(xly easily soluble 
in hot water. — 2. A small quantity of a neutral volntilo subst-anco which, when the 
aqueous mixture is distilled, Bubiimes in short needles having the o<iour of camphor, 
and appearing to be either camphor, or a body isomeric with it (Berthelot, 

Bull. Ckim. [2] vii. 135), 

When turpentine-oil is gr^ually added to a dilute solution of hypochlorou^ aoid^ a 
yellow viscid liquid is deposited (probably a mixture of di- and tri-chIorirmf.e<l turpen- 
tine-oil), whilst the aqueous solution agitated with other gives up to that liquid a 
neutral syrupy substance, having the composition of the dichlorhydrin of tiirpentino-oil, 
C'®H‘*C1*0*, This compound dissolves slightly in water, easily in alcohol and ether ; 
is partly decomposed by distillation ; is not resinised by nitric acid ; and is converted 
by the action of sodium on its ethereal solution into an acid which appears to have 
tho composition C’*H'*0* (C. Gh. Wheeler, Bull. Soc. Chim. [2] x. 288). 

Turpentine-oil heated with hydriodic acid yields; 1. Camphone hydride, 
analogous to the hydrochloride, C*®H*.11C1, a liquid which boils at about 
166^, is not attacked by ordinary sulphuric in the cold, and dissolves in fuming 
nitric acid without oxidation, yielding a nitro-compound, also in lukewarm fuming 
sulphuric acid, forming a snlpho-acid soluble in water ; it forms a crystalline derivative 
with bromine. — 2. Terpilene hydride, Cfa’resjK)nding to the dihydro- 

chloride, C**H**.2HCl, a liquid boiling at 170*^-176®, difficult to separate from the 
preceding, not completely soluble in fuming sulphuric acid. On adding water to the 
mixture, a viscid product (perhaps a polymreride) separates, having the odour of 
camphor. — 3, A saturated hydrocarbon, which l>oils between J66^|iid 160®; 

withstands the action of bromine, sulphuric ncid, nitric acid, &c. — 4. Amyl* 
hydride or quintane, (Bcrthelot, Compt. rend. Ixvii. 327). 

A hydrocarbon isomeric with turpentine-oil is formed by the decomposition of 
rutyleno bromide (produced from diamylone, iv. 141) with al<y>holic potash. It is a 
transparent colourless liquid, agreeing nearly in composition with the formula C'*H**, 
and having a vapour-density -* 4 32 (calc. 4*70) ; but it is extremely difficult to 
purify. It has a strong o£>ur of turpentine, especially when exposed to the air ; 
bums, when set on 6re, with a loxninous fmt smoky flame. When bromine is dropped' 
into it at — 17®, the first drops unite without evolution of hydrobirmiic acid ; but oo 
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adding a larger quantity, a violent action takes place, and hydrobromie acid is 
evolved. Iodine acts in a similar manner, but less strongly. Nitric acid exerts a 
violent oxidising action, and sulphuric acid dissolves the substance with deep brown 
colour. Hydrochloric acid in the gaseous state or in aqueous solution unites with it 
at ordinary temperatures. When the gas was passed through it for several hours at 
10®, and the liquid was afterwards washed, dried, and fractionally distilled, the portion 
distilling between 180® and 200° decomposed with blackening and copious evolution 
of hydrochloric acid ; and at about 1 10° a nearly colourless liquid distilled over, smelling 
of hydrochloric acid, and having nearly the composition 2C'®H*®. HCl. The formation 
of this hydrocarbon from amylene may be represented by the following equations ; 

C*H'» + 

+ 2KHO = 2KBr + 2H''0 + 

+ 2KHO « 2KBr + 2H*0 + 

The hydrocarbon, thus obtained, is probably terebene (Bauer a. Verson, 

Ann. Ch. Pharm. cli. 52). 

Tawildarow {Zeiischr. f. Ch&tn. [2] iv. 278) has found, in the portion of coal-tar oil 
boiling between 172° and 190°, hydrocarbon having nearly the composition of a 
lower homologue of turpentine-oil, (nonone according to Hofman’s nomenclature, 

p. 794), which is acted upon by bromine, with evolution of hydrobromie acid, and 
formation of the compound C®H‘*Br* or C"H ®Br.Br^ 

WROSIXTB. C®H'*NO* (Thudichiim a. Wanklyn, Ckem. Soc. J. [2] vii. 277)- — 
When tyrosine is treated with potassium dichromate and dilute sulphuric acid 
{2 grms. tyrosine, less than 10 grms. siilp>huric acid, 100 c. c. water and 8 grras, 
dichromate), carbon dioxide is evolved, together with an odour of formic acid, 
and an insoluble yellow-green chromo-compound is formed, consisting of 
C*H“N0**.Cr''‘0*. 3H^O. This compound is nearly insoluble in water, but dissolves 
slowly and without evolution of gas in hydrochloric acid. When heated, it swells 
up, gives off carbon dioxide and water, and leaves n mixture of chromic oxide and 
finely divided charcoal. This compound is formed only when a small quantity of 
sulphuric acid is used. With excess of sulphuric acid, the only products are carbon 
dioxide and water, with a little formic acid. 

Tyrosine boiled with a mixture of mercuric and mercurous nitrates (containing 
some mercurous nitrite) forms a deep red precipitivto having the composition 
C'*H®(^NO-^)''*NOHTg“. The mercurous salt does not tiiko part directly in the formation 
of this precipitate ; the entire quantity of the mercury belonging to it remains in the 
solution, and the function of this salt is merely to supply nitrous acid, or perhaps 
nitrogen dioxid©. If the quantity of mercurous salt added is insufficient for this 
purpose, only a light flesh-coloured precipitate is formed ; and when tyrosine is 
boiled with mercuric nitrate free from mercurous salt, and nitrogen dioxide is passed 
into the boiling liquid, the deep red precipitate is instantly formed (compare v. 932 ; 
also L. Meyer, Ann. Ch. Pharm,. cxxxii. 156). This compound is very energetically 
attacked by alLuis, potash and ammonia forming with it a deep red solution which 
deposits a precipibito resembling sepia. Nitric acid dissolves the red compound, 
forming a red solution. 

Stadeler found that nitrotyrosiuo treated with nitric acid is converted into dinitro- 
tyrosine (v. 934). Thudichum a. Wanklyn, however, And that this dinitro-compound 
is not produced, but that a nitrotyrosic acid, C®H*®(NO*)NO*, is obtained, which 
when dissolved in water and neutralised with calcium carbonate, forms a deep red 
solution yielding orange-rod tabular crystals, which have nearly the composition 
C*H*Ca"(NO*)NO* + 3H’0. If the action of the nitric acid be carried further, 
oxalic acid is produced. 

According to Stadeler, also, dinitrotyrosine is formed by the action of nitrous acid 

Z n tyrosine. Thudichum and Wanklyn *8 experiments do not confirm this jrtttult. 

en nitrons acid (from nitric acid ami arsenious oxide) is passed into water in 
which tyrosine is suspended, the tyrosine gradually dissolves, with yellow colour and 
slight evolution of gas; and on neutralising this solution with calcium carbonate, 
evaporating over oil of vitriol, filtering to remove a brown scum, and mixing the 
filtrate with lead acetate, a chocolate-coloured precipitate is formed having (at 110°) 
nearly the composition C*H'Pb "NO\ 

Tyrosine is not acted upon by excess of ethyl iixiide at 100° ; neither is it reduced 
by hydriodic acid at 130°, 

Constitution of Tyrosine. — Tha nitrogen in tyrosine may be estimated by Will a. 
Varrentrapp’s process ; cons^ueatly tyrosine does not oontaip any nitrogen in the form 
of nitiyl ; neither is the nitrogen in the form of amiiteen or imidogen, since ethyl 
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\(A\de effecti no substitution. The nitrogen must therefore be altogether in dirt'ot 
union with the carbon. Moreover there is no hydroxyl ; otherwise hydriodio acid 
would effect a reduction ; therefore the oxygon must be in direct and complete union 
with the carbon. Tyrosine appears to be derived from nonane, C*H“, by substitution 
to a considerable extent, 3 at. hydrogen having Vioen replaced by N'", and 6 at. 
hydrogen by 3 at. oxygen. Its constitutional formula is most probably 

N'C . CH’ . CH' . CH> . CU'‘ . OU« . CO . CO . C | 

Its great stability shows that the grouping of the oxygen-atoms is regular. Tlie 
fact that tyrosine gives no act^tic acid by oxiilation, shows that it does not contiin 
ethyl in union with part of the nitrogon or with oxygon. The easy formation of 
carbonic acid is in harmony with the supposition that the molecule of tyrosine 
contains 3 mol. carbon monoxide (Thudichura a. Wanklyn ; see also Hufner, Zeitschr, 
/. CAem. [2] iv. 391), 

Tyrosine heated with fuming hydriodic acid tjikos up 1 mol. hydrogen, and is 
resolved into ammonia, which appears as ainmoniuin iodide and phlorotic acid : 
C*H"NO* + H* ■■ NH* + : hence Tliifnor {Zciischr. iv. 391) rogartis it ns 

t OH 

nmidophloretic acid, C*H®(NII^)0* =• C*U*-|n 1H , llarth, who formerly regarded 

tyrosine as othyl-nraidoparaoxy hen zoic acid (v. 932), now regards it as oxyphonyl- 
( CHHOH 

amidopropionic acid, NH* {Zeitschr. vi. 113). 

t COOH 

T^osine 2(C®II*'NO*. UCl) . PtCl', is obtained in small granular 

crystals, by adding tlio hydrochloride to a slightly acid Bolnt-ion of platinic chloride, 
and leaving the solution to evaporate in a vacuum over quick lime and fragments of 
calcium chloride (Gintl, ibid, v. 704). 


u 


VXiTRABKAMSI’lL On the constitution of Ultramarine see W. Stein (j; pr. 
Chem, [21 iii. 39; Chem. Soc. J. [2] ix. 166); on the preparation of ultramarine 
paper, and its uses as a reagent, W. Stein {J.pr, eiii. 172 ; Zeitschr,/, Chem, 

[2] iv. 699). 

VrwuHMUnt/K, The following method of preparing fusod metallic uranium, dovisotl 
by Valenciennes, is described by Poligot {Compt. rend. Ixvii. 607). A mixture of 7A 
grams uranous chloride, 150 gmms dry potassium chloride, and 60 grams sodium cut 
into pieces, is placed in a crucible and covered with pilassium cldoride ; and this 
crucible is enclosed in a larger one, the spjicc between them being packed with cliar- 
eoal powder. The whole is heated in an air-furnace, and when the f action has 
taken place at a red heat, the fire is strongly urged, so as to melt the metal but 
without volatilising the flux. The reduced uninium is found within the black very 
dense slog, and may be separated by lixiviation. For the success of the preparation, 
it is essential to exclude the moisture of the air, which would convert the uranous 
chloride into irreducible uranic oxide ; also to protect the metal flrom access of air 
duriitt cooling. Uranium thus preparo<l has a sp. gr. of 18’B3. 

Atordiiig to Souchay (Zeitschr. ana!. Chem. vi. 400) tho x>rccipitiiite fonnod by 
h fwllih g aolutions of uranic salts supersaturated with ammonium carbonate, contains in 
100 pts.; 

u*0* CO* NH* n*o 

83*31 2*66 2 56 11-67 

VmmA« CH*N*0. The constitution of this Ixxly has lately been the subject of 
considerable discussion. 

Basarow (Chem. Soc. J. [2] vi. 194) finds that urea is produced when diy ammonium 
carbamate, CO*N*H« (prepared by passing dry carbon dioxide and ammonia gase^ 
into absolute alcohol) is heated to 130^-140® in liealed tubes; also by heating the 
commercial carbonate of ammonia (which appears th^*fore to contain carbamate) to 
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the same temperature. Conversely, Bonte, has lately shown (Ann. Ch, Phmm. cli. 
181) that nrea may be converted into ammonium carbamate (urethane) by heating 
nitrate of urea witJi alcohol : 


CON*H< + C*H»(OH) « NH» + CO(NH*)(OC*H*), 

Urea. Alcohol. Urethane. 

These reactions show that urea is the amide of carbamic acid, a view advocated by 
Kolbe (Zeitschr. f. Chem. [2] iii. 50), and formerly by Heintz (Ann. Ch. Pharm. cxl. 
276). If, however, carbamic acid be represented by the formula H’^N — CO — OH, its 
amide must be the same as the diamido of carbonic acid, that is to say, urea regarded 
as the amide of carbamic acid must bo identical with carbamide : 


NH* 


io 

in 

Garbatnio 

acid. 


NH» 

I 

CO 

liip 

Urea. 


OH 

I 

CO 

I 

OH 

Carbonio 

acid. 


But if carbamic acid has the constitution roprcsontod by the formula 


(CO)'' 

H* 

OH 


CzzO 

II 

or NH» 

I 

OH 


in which the nitrogen is quinquivalent, then its amide, urea, will have a structure 
different from that of carbamide, viz. CO—NH^ — 

With regard to this question, Heintz observes (Aim. Ch, Pharm. cl. 73) that the 

(NH* 

representation of carbamic acid by the formula ■[ CO , and of amic acids in general by 

(OH 

NH* ((NH2)»-p 

- R" , or still more generally by \ , is in accordance with the fact that 

OH. i(OU)p 

such acids are never formed from monatomic, but only from polyatomic acids, whereas 
if the molecule wore hold together, not by the acid radicle, but by the nitrogen 

fR" (R'H 

as represented by the formula, J NH^, the existence of compounds like J NH*, or 

iOH (OH 

fR'B/ 

■I NH*, would also be possible. Moreover the representation of urea as carbamide is 

(oh 

in accordance with all its synthetical nuxlos of formation, excepting those in which 
a transposition of the atoms must be supposed to take place — such as its formation 
from ammonium cyanate — which throw no light on its structure. The conversion of 
carbonyl chloride into urea by the action of ammonia is easily intelligible if urea be 
regarded as carbamide ; for 


Cl NH* 

C=0 + = 2NH<CI + irro ; 

Cl JlH’ 


whereas if urea has the construction represented by the formula CO — JJH* — NH*, its 
formation in the manner just mentioned involves a transpositinkr of fhe atoms ; but 
it is not easy to see why such a transposition should take place, inasmuch as niti^en 
is less inclined to form compounds in which it is quinquivalent than those in which it 
is trivalent. Similar remarks apply t4i the formation of urea from ethyl chlorocar- 
honate, ethyl carbonate, and the urethanes. Its formation from cyamide, ON — NH*, 
is also very easily explained if it be supposed to consist of cjirbamide, being, in fact, 
analogous to a large number of the transformations which cyanogen-compounds 
undeigo under the influence of water (Heintz). 

On the other hand, the identity of urea and carbamide, which seems to follow from 
^ preceding considerations, is in discordance with the fact established by Wanklyn 
a. Gamgee, that urea differs from amides in general in its behaviour with alkaline 
permanganates, inasmuch as when oxidised by excess of potassium permanganate in 
alkaline solution, it gives off all its nitre^en in the free state, whereas when amides 
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are thus treated, the nitrogen is wholly converted into nitric acid. Wanklyn a, 

((NHr 


Gamgee represent urea by the formula C 


NH* , but do not give any specific rwisons 
OH 


for the adoption of this particular formula. 

Bunte {Ann, Ch. Pharm. cli. 184) points out that the question about the relation of 
urea to carbamide might be elucidated by ascertaining the greatest number of isomeric 
substitution-products that can be formed by the substitution of any particular radicle, 
ethyl, for example, in its molecule. For in carbamide, H*N — CO— NU*, in which 
both atoms of nitrogen are trivalont, and all the nitrogen- and liydrogon-atoms are 
symmetrically disposed, the number of such possible isomeric derivatives must bo less 
than in urea regarded as CO~NH* — NH*, in which one atom of nitrogen is quin- 
quivalent, and the arrangement is not symmotricivl. For example, carbamide can 
yield but one monoethylat^ derivative ; whereas urea, if it consists of CO— NH* — NH*, 
may yield the two isomeric ethyl-ui'cas : 


CO 

ilu(C>H*) and 


00 

II 

Nil* 


NH* NH(C*H*) 

The former of these, by partial reduction to carbamic acid, would yield ethyl-carbamio 
acid and ammonia, whereas the latter would yield carbamic acid and ethylamino. 

Preparation of Urea , — According to J. Williams {Ckem. 8oc. J. [2] vi. 68) lead 
cyanate is much better adapted for the prepanition of urea than iho potassium 
salt. It is merely necessary to digest equivalent quantities of this load salt and 
ammonium sulphate at a moderate heat, with a sutlicieut quantity of water, then 
filter and evaporate. Compound ureas may be prepared in like manner by digesting 
the sulphates of the corrospotiding aminos with cyaiiato of load. 

ReucHons, — 1. Urea heated with carbon bisulphide to 100® in a sealed tube, yields 
carbon oxysulphide and ammonium snlphocyanate: 


CON*H* + CS* « COS + CSN.NII*. 


With alcohol and carbon bisulphide the products are mercaptan, carbon dioxide, and 
ammonium snlphocyanate : 

CON*H* + CSS + C*H»OU =, C*H‘Sn + CO* + CSN.NII* 

(Ladenburg, X^techr, f. Chem [2] v. 2«'>3). — 2. Urea heated with aldehi/(le~a7nnu>nut 
and ammonium acetate yields aldehydine, NC*Il" (p. 82) : 

4(C*H<O.Nn») - NC»1I>' + 3N1U + 4IPO 

(Ador a. Baeyer, ibid, iv. 724). — 3. glpcocine urea yields hydantoic acid 

(p. 702). — 4. Respecting the reaction of urea with amido-hcnzoic acid, see page 318. 

Compounds cf Urea with IHiospkoric lichmann {]luch7i. Repert. xw. 224) 

descriM a crystalline compound of phosphoric acid and urea, whicli ho obtained from 
pigs’ urine after the animals ha<l been fed upon pure clover. To this compound he 
assigned the improbable formula CON*H'. 211*0. P*0* + aq. Schmelt/zer a. Birn- 
baum {ZHtschr. f, Chem. [2] v. 206) have obtnined the same compound, together 
with ammonium phosphate, (NH*)H*PO<, by dissfdvitig urea in a concentrated solu- 
tion of orthophosphoric acid, evaporating in a vacuum over oil of vitriol, and 
recry stellising the residual mass from water. The urea phosphate forms largo 
rhombic crystals, having the composition CON*JI*.H*PO‘. Thu crystals are permanent 
in dry air, disitoive easily in water and alcohol, sparingly in ether ; heated alx)ve 
100® they dec^poae, with brisk cffervesconco, into ammonia, carbon dioxide, and 
metaphosphoric acid : 

CON*H*.H*PO« = 2Nll» + CO* + HPO*. 

The phosphoric acid in this oomixmnd is not neutnilisetl by the urea, inasmuch as tha 
solntion does not pro^npitate magnesium sulphate or silver nitrate except on addition 
of ammonia. When evapKirated with pK>tassium or sodium ctirbenatc, it is resolved 
into urea and phosphoric aci<l, which iiniten w^ith the alkali. 

Another phosphate, containing 300N*H*.2H*P0*, was once obtained by evaporating 
n mixture of phosphoric acid with excess of urea without the aid of heat. Its aqueotlii. 
•olntion when heated yielded a crystalline precipitete of cyanuric acid, formed . 
MQOlding to the equation 3CON*H* = 3NH’ + A similar dccompoei- 

timi of urea takes place on heating it with phosphoric anhydride (r, 960), as observed 
by Welteien {Ann. Ch, Pharm. evii. 219). 



VBEA. 


me 


Suhstitution^derivatives of Urea, 

Acetjrl-urea, C0N*HYC*H®0), is formed whon 1 pt. of urea /s heafed with 2 pta 
of acetic anhydride till the latter boils, the acetjl-urea then separating out on 
cooling. 

CMoracetyl-urea, C0N*H*(C21I*C10), is formed by the action of chJoracetyl chlorido 
on urea ; it appears to bo acted upon by potassium cyanide (Jazukowitscli 
234). 

Amyl-nreas. (Wurtz, BuU. 6"oc. Chim. [2] vii. 141 ). — Frimary Amyl-urea 
= CON’H’(C*H“), formed by the action of ammonia on amyl cyanntd 
(i. 754), crystallises in glistening needles which molt at 120°, and dissolve in 28*1 pts. 
of water at 27°. 

Secondary Amyl-urea or Pseudo-amylene-urea, CON2II’>(C*H*®H) = 
CON*H®(CH")(C*H*), is produced by the action of ammonia on amylene cyanate 
(p. 114), and may be prepared by mixing amylene hydriodide with silver cyanate at 
a very low temperature, then distilling, and agitating the strong-smelling distillate 
with excess of aqueous ammonia. Secondary amyl-urea then separates in the course 
of 24 hours, as a crystalline mass, which may be purified by recrystallisation from hot 
water. It forms beautiful needles, which molt at 151°, and then sublime partially, with 
evolution of ammonia ; dissolves in 70'3 pts. of water at 27°, easily in alcohol. Heated 
with strong potash-ley to 140°-150°, it is resolved into carbon dioxide, ammonia, and 
isoamylamine (p. 116). In contact with nitric acid diluted with an equal volume of 
water, it is converted into an oily nitrate, wliich in contact with ' dry air gives off 
nitric acid and becomes covered with crystals ; the mother-liquor yields crystals of 
Oivlinaiy nitrate of urea. 

Secondary Diamyl-urea or Pseudo-diamylene- urea, = 

CON*H(CH*)(C^H“)(C*H'’) = CON“H*(C*H‘®.H)*, is formed, together with potassium 
carbonate, by heating amylene cyanate with caustic potash in a closed flask: 

+ 2KHO = + N=|(C»H>?n)». 

It sublimes in the flask in colourless needles, which may bo purified by dissolving 
them in alcohol and mixing the solution with water till it begins to show turbidity. 
It is very volatile, sublimes without melting, is nearly insolui)lo in water, and is 
precipitated by water from its solution in nitric acid. It is not attacked by potash at 
the t#*mperaturo of boiling oil. 

Amylene cyanate is likewise resolved into carbonic anhydride and secondary amyU 
urea, by prolonged contact with water. 

Bensoyl-urea, CON*H’(C^IHO), is obtained by heating equal parts of benzoic 
anhydride and urea to 140°-150°. The whole mass crystallises on cooling, and on 
treating it with alcohol, benzamido and the excess of benzoic anhydride are dissolved, 
while cyaiiuric acid and benzoyl-urea remain behind. By repeated crystallisation from 
ammoniacal water, the cyanuric acid may ba remo^’ed and the benzoyl-urea obtained in 
colourless needle-shaped cryst<a!.s ; the quantity is, however, but small (Geuther, Schertz 
a. Maish, Zeitschr.f, Ckem. [2] iv. 2V>9). 

Formyl-vreay = CON*H*(CHO), isomeric with oxamide, is produced 

by heating equi\’alent quantities of urea and formic acid, first in the water-bath, after- 
wards over the opeti fire till gas begins to escape. The liquid on cooling solidifies to 
a pulp of small white crystals of formyl-urea, easily soluble in water, slightly soluble 
in cold, more easily in hot absolute alcohol. From the alcoholic solution it crystiUlises 
out unaltered on evaporation, but not from the aqueous solution, being resolved by the 
water into formic acid and urea. When boiled with potash, it gives off ammonia and 
yields formic acid, but not in the cold. Formyl-urca melts at 169° and decomposes at 
a higher temperature, giving off ammonia and hydrocyanic acid, and leaving cyanuric 
acid mixed with porous charcoal. At 190° an oily compound is also formed, probably 
formaraide. At 200° the still viscid residue swells up, blackens, and leaves porous 
charcoal. Formyl-urea is not obtains by the action of cyanic acid vapour on forma- 
the products being cjamelide and hydrocyanic acid (Geuther, Schertz a« 

Sydraagrl-turcaf COM*H*(OH).-- Already described (p. 725). 
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_ rn'N«H*fC’H*0)', is formed by 

{M, iv. 389). r’Tl’®N^O- = CON^H*(C'’H‘*H), is obtained by heating 

‘■~r. 'rit atl2?' TnfboUwX- 

i"5k4?r7«;SMjj|uT.j£v~>^ 

A‘Hmlirq.^^^“of ^i>on-dio*^e m ov^ 

!;riytiZbru>ief r:« ^ -x; -id'e-?. 

heat, soluble in hy^chloric and in n t ^ *■ ^ on^liLolving the product in 

passed over Sody which appears to be a tolylene-ur^ 

^sotTrie wtth of Sylene-diamine '^ese two tolylene-ureas may be 

represontod by the following constitutional fonnula. 

and CO<;j^U_.QTji«_NII* 

NU* 


CO- 


CO 


j iiimmm-M-M'Tk OSN^H* (J K. Reynolds, Chew. Soc. J. [2] vii. 1)* 

®^**^®'*^?T****’ 1 1« rtf Iirna is uroduced from ammonium eulpho- 

^This comwund, the „ ammonium cyauato. About 600 grams of 

eyanato in the same mannt^ as uro about 170° hir about two hours in 

well-dried '’^1^ is tho^ loft to cr>ol. and as 8o<m as the tompera- 

a flask placed in an oil-bath ; the flask is hen lett 

ture of the fus^ mass I throuch a small plugW cottxjn, to remove a 

80°, and tno solution is quickly always forms in the procf^ss. The solution, 

small quantity of a black substance wh'c i , ‘ ^ ^ I which byrccr^stalli- 

after a few hours. de^siteBdkyno^ 

sation from to tho^rhombic system. It melts at 

needles or in very short thick prisms ^ diB^lvcs easily in water and 

149®; does not deliquesce f agitation^ave a neutral 

alcohol, sparingly in f /he solutums^f^^^^^^^^^ - g 

^rdramm“r.Ctbcfu^^^^^ 

ofeulphoeyauate: ^ ^ ^ ^ ,j,g 

It i. decomposed in the same monner 

With dilute nt/rwociff, the sulphur IS oxidis^ to ^ 

and hypochloriUs it i„ that case oxidised to sulphuric acid. 

wtassium pfwwMinp'Uwa^o, the sulphur K heated in a tube, it melts, 

lleatod on platiniSn foil it volatilises ammonia (?), then 

l^oilB up. giving off ammonium sulpM^ while a whi/e ma« 

blackens, and on continued heating yiej^ » y®uo»' °“y .^; 
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liquid cool. On gradually adding a nearly neutral solution of auric chloride to the 
saturated aqueous solution till the resulting red precipitate begins to be permanent 
and leaving the solution to evaporate, the gold-salt^ 2CSN*H^ . AuCl*, is obtained in 
nacreous monoclinic crystals. With excess of the gold solution a very unstable red- 
dish-yellow precipitate is obtained. A nearly neutral solution of platmic chloride 
to a slight excess of the solution of the sulphurea produces a red crystalline precipitate, 
appearing under the microscope as an aggregate of long prismatic feathery crystals. 

Reynolds assigns to this precipitate the formula ^JjjptHCl. When on the 

other hand the solution of the urea is added to an acid solution of platinic chloride, a 
brown precipitate is formed, regarded by Reynolds as CSH^N*Cl*Pt.* When a solution 
of the sulphurea is heated witli silver nitrate^ the resulting precipitiite redissolves, and 
if the hot solution containing free nitric .acid be left to cool, a crystalline mass is 
deposited, consisting of the unstable silver-compound (CSN^H‘J*Ag^O + 4H*0. A 
neutral solution of mercuric nitrate added to a rather dilute solution of the sulphurea, 
produces, after some time, a crystalline precipitate, apparently consisting .of 
(CSN*H*)«.3HgO + 3H20. 

Sulphurea heated with silver oxide and water, is converted into ordinary urea 
(Reynolds). According to Hofmann, on the other hand, it is converted, by digestion, 
with oxide of silver, le^, or mercury, into dicyanodiamide 

2CH<N2S * C*H<N< + 2H=S. 

Dicyanodiamide melts at 20^, and forms with silver nitrate the compound 
AgNO*.* Its solution in hydrochloric acid yields on evaporation large tables 
of the hydrochloride of dieganodiamidme, which, on addition of platinic chloride, 
deposits a platinum salt crystallising from boiling water in tufts of needles having the 
composition 2(C*H“N^O . HCl)PtCP. Dicyanodiamidine is likewise formed when 
anlphurea is desulphurised in presence of ammonia (Hofmann, Deut. chem. Ges. her. 
1869, 600; Zeitschr. /. Chem. [2] vi. 158). 

imsrDlia or CO»ri>Slirss& VRSAS (Schiff, Compt. rend. Ixv. 801, Ixvii. 
464; Bull. Soc. Chim. [2] ix. 323; xi. 312; Zeitschr. f. Chem. [2] iv. 186, 693; in 
detail: Ann. Ch. Pharm. cli. 186). — These names are .applied to a series of compounds 
resulting from the combination of several molecules of urea with aldehyde-residues, 
according to the general formula, 

jtCH^N^O + yC^H’^O - yH='0. 

Biureidee^ CON^H* | produced by the action of aldehydes on aqueous or 

alcoholic solutions of urea. They are well crystallised compounds insoluble in water 
and ether, slightly soluble in alcohol. They begin to decompose at their melting 
points, generally yielding ammonia, cyanuric acid, and the corresponding 
hydramide : 

8(CON*H»)*C»H“ « 4NH» 2C»H»N>0» + N*(C*1fl-)*, 

Trf«re»<Zes, CON*H*{ are formed by the direct action of aldehydes on 

pulverised urea. They are distinctly ciy^stallised compounds resembling the diureides, 
and decompose at high temperatures, according to the equation : 

** 2N*(C»H“)*. 

In particular cases, e.g. in the formation of dibenzotriureide, a higher temperature 
(100'^-120°) must be applied ; in this case also a slight excess of urea is necessary. 
The product must always be treated with water and with ether, to free it from adhering 
urea or aldehyd% 

By the actiem^ aldehydes in excess at 120^-140^ on the di- and tri-ureides, the 
more condensed combinations are obtained, e.g . : 

Tetrureides; 4CH^N»0 + 3OH“0 - 3H*0. 

Hoxureides; 6CH<N*0 4^4C“H“0 - 6H«0. 

Them compounds are gelatinous in state, and shrink togeth^ ill diying ; 

* hn||||p 9 il)|e on account ol the uneren number of tbe atoms of ET, N and 01 taken together. 
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they MTO somewhat ^luble in alcohol and other, but lose this solubility when drj'. By 
means of mnanthol it is possible to bind together 12 molecules of urea ; thus ; 

*= 12CH*N^O + llC^H’^O - 


In the preparation of the more highly condensed ureas, it is possible to use aldehydes, 
different from those which have bceu employed for the preparation of the di- or tri- 
uroides ; in this manner are formed 


CON2II» 

CON"H»- 

CON*Hs 

CON»H>j 


C'H'* 

C»H* 

aiv* 


BenzodlcenanthO' 

tctra-ureide. 


and 


cnv* 


CON^IP 
CON-'H^ 
CON'^lp] r ^ 
CX)N"H» 

coNnv 

CON-'IP 


C’lP 

mv* 

cnv* 


BcnzoU'troonantho- 

lu'xureWo. 


Substitution-products of aldehydes alsh yield condonsetl ureas; nitrobenzoic alde- 
hyde, for example, yields the corresponding diuroido and tetrurcido in the crysUUUne 
st4vte. Condensed ureas are likewise formed from unsaturatod aldeliydes, e,g. aci*yl- 
diureide, (CON‘^H*y'*(C“H^)", from acrolein. 

By prolonged contact with boiling water or dilute acids, the polyuroidos are 
resolved into urea and aldehydes. Aldehydes containing hydroxyl, such as salicylic 
aldehyde, yield polyureidos possessing alcoholic properties. 

For the detailed description of the condensed ureas, see Ann. Ch. Pharm. cli, 180, 

VKZC ACZXI. C^IPN^O®. — Fr)r the purification of uric acid proparwl from 
guano, W. Gibbs (Sifl. Am. J. [2] xlviii. 215) dissolves the cnide acid in potiish, 
avoiding a large excess of the alkali ; adds potassium diehromato (about 5 p. c. of 
the uric acid) ; boils for a short time ; then dilutes the licpiid with an eaual volume 
of water, agitates it briskly with animal charcoal, and filters. On adding hydro- 
chloric acid, the uric acid is still precipitaU>d with a sliglit yellow colour. It is left 
to settle, separated from the liquid by decantation, and finally boiled several times 
with strong hydrochloric acid till it becomes perfectly white, and dissolves without 
coloiir in potash. By this method, a kilogram of uric acid having a deep yellow 
colour, may be rendered perfectly white in the course of an hour. 

When uric acid is heated with a solution of pobissium or sodium nitrite in presence 
of sulphuric acid, brisk effervescoiico takes place ; the uric acid is completely dis- 
solved ; the liquid contains alloxan and alloxantin, and when evaporated over the 
water-bath, yields a considerable quantity of crystalline parabanic acid, together with 
a small quantify of a red flocculent eubstiince, and a still smaller quantity of a 
substance which dissolves in water with briglit blue fluorescence. With acetic in 
place of sulphuric acid, the reaction is very different ; the uric acid still dissolves 
with efiTervescence as before, but the filtered solution deposits a very bulky salt, 
which-— when potassium nitrite is used — has the composition CUi*KN*0*. The 
eormponding acid, C*H‘N*0*, called stryphnic acid (from iTTpv<pros), on account 
of its bitter astringent taste, may bo 8ej»arated from the purified potassium salt by a 
mineral acid, in small yellow granular crystals soluble in hot water, and separating 
almost completely on cooling. It is monobasic, and its salts, exC/epting the lead salt, 
ere soluble in hot water and crystallise in needles. Its formation from uric acid is 
represented by the equation : 

C‘H*N«0« + HNO“ =» C«II»N»0* + CO» + H*0. 


The quantity of stiyphnic acid obtained, was, however, much less than this equation 
requires. The mother-liquors from which it was deposited contained allantolii, 
formed according to the equation : 

+ 2HNO* « + CO* + N*0*. 

No other fixed products were observed ; the evolved gas contained ntferogen as well as 
carbon dioxide and nitrogen dioxide (Gibbs, too. cit.). 

Socoloff {ZeUechr. /. Ckem. [2] v. 78) gives a different account of the action of 
nitrous acia upon uric acid. According to his experiments, the first piquets of th« 
action of potassium nitrite and acetic acid upon uric acid, are urinilie aeid 
C*H*K*0* (p. 1120), and glycollic add^jO*KH)V together with nitrogen tetroxide and 
nittogen : 

2C»HWO* + 3HNO* + N*0* • C*H^N*0* + C*H^O» + 8NO» + *N. 
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But the nitrogen tetroxide is immediately decomposed by the water, forming nitric 
and nitrous acids, by which the glycollic acid is further oxidised to oxalic acid, so 
that the final products are those represented by the equation ; 

3C*HWO* + 6HNO* + HNO» - + 2C2H*0« + SCO* + 6N* + 4H*(). 

The quantity of urinilic acid obtained is, however, less than that which corresponds to 
these equations, the deficiency being due to the formation of secondary products 
(t^erhaps to the reaction described by Gibbs). 

Uric acid heated in a sealed tube to 160°-170'’ with a cold saturated solution of 
hydriodw acid-, is decomposed, with formation of ammonium iodide, carbon dioxide 
glycocine : 

+ 6H*0 =» 3NH* + SCO® + C*H»NO*. 


The portion of the uric acid which appears in the form of carbon dioxide and ammonia, 
may be regarded as derived from 3 mol. cyanic acid or 1 mol. cyanuric acid, and in 
this sense uric acid may be regarded as built up from residues of glycocine and 
cyanuric acid, just as hippnric acid is made up of residues of glycocine and benzoic 
acid. Uric acid may accordingly be represented by either of the following con- 
stitutional formulae : 


c*H*ocr 


NH— CO-- 
NU— CO^- 


NCy 


(Streeter, T^tachr, f. Chem. [2] iv. 215). On the structural formation of uric acid 
and its derivatives, see further (Strecker, ibid. 362). 

xr&nrzXiZC ilCZll, C"II’N^O®. — A tribasic acid, prcxluced, according to Socoloff 
{loc, cit.), by the action of nitrous acid (potassium nitrite and acetic acid) on uric 
acid. It is slightly soluble in water, easily soluble in alkalis and alkaline carbonates, 
and is precipitated therefrom by hydrochloric acid, as a heavy yellow crystalline 
powder ; from a boiling aqueous solution it separates in short thick colourless prisms. 
Heated with nitric acid of sp. gr. 1*30 to 135, it dissolves without evolution of gas, 
and the solution on cooling deposits small greenish, Hat crystalline needles of a new 
acid. On further heating the nitric acid srdution, red fumes are evolved, and the 
new acid no longer separates. Urinilic acid <loes not dissolve in strong sulphuric 
acid at ordinary temperatures. 

The urinilates of the alkali-metala crystallise well, are very soluble in water, 
nearly insoluble in alcohol. Those of the carth-mriala are white crystalline pre- 
cipitates, insoluble in water and in acetic acid. Some of the salts, the copper salt for 
example, after drying, absorb water with great rapidity. The potassium, barium, 
strontium, and calcium salts are trimetullic and anhydrous. The di-argentic salt, 
C**H*N^O®Ag*, is a white pulverulent precipitate, which turns brown when exposed to 
light or boiled with water. The tri-argentic salt^ C'‘H*N’0“Ag*, is precipitated from 
a slightly alkaline solution of the potassium salt, as a white gelatinous mass which 
blackens quickly, especially when heated or exposed to light. The cadmium salt is a 
white crystalline powder conbiining C"iPN’0"Cd + 3H*0. The cupric salty 
C'*H®K’^0®Cu -»■ 4H'‘'0, is precipitated, on mixing cold dilute solutions of the 
potassium salt and cupric sulphate, in short slender needles, having exactly the 
colour of cuprous oxide ; from hot solutions, in greenish-brown flakes, which are 
gradually converted into the red needles (Socoloff). 

mtOMTS^bAimr. (Tlmdichum, J, Chem. civ. 257 ; 2eitschr. f 

Chem. [2] V. 31). — A colouring matter of urine, which separates, on treating urind 
with sulfuric acid, as a hard, brittle, shining black mass (Preuss’s peculiar black 
matter), insoluble in water, slightly soluble in alcohol, very soluble in the fixed 
alkalis and in ammonia, from which solutions it is precipitated by acids. From 
solution in a small quantity of Ammonia it is precipitated by most soluble salts of 
the earth-metals and heavy metalssi^Bilver nitrate precipitates it, after addition of 
acetic acid. By dry distillation it gives olf white vapours condensii^ to a neutral oil, 
in which mdfeuric nitrate forms a red precipitate. Nitric acid dissolves uromelanin, 
forming a dark red solution, from which water throws down an orange-red mass. 
Fuming sulphuric acid dissolves uromeianin with purple-red colour, and water repre^ 
cipitates il^ from the recently prepared solutiooi but otily partially, after long standing. 
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Bv action of cUlorine, a brown substance soluble in alcoliol is produced, to which 
Tiuidichum assipfus the formula C»‘‘I1*'*C1‘'N’0'‘‘. 

Uromelanin forms with barium, calcium, zinc, lead, and silver, a number of salts 
containing very variable quantities of metal ; thus tho barium salts contain from 
7-2 to 13'75 p. c. barium, tho silver salts from 13 4 to 19'77 p. c. silver. They ai’o 
black, amorphous, partly gelatinous precipitaios. Mtrciiric nitrate added to tho 
acetic acid solution of uromelanin forms a red precipitate. 

For details respecting tho and tlie physiological and pathological significance 

of uromelanin, see the original ])a[K'.r. 

On the colouring matters of urine, see further, Gmelin^s llandhoak, xviii. 407-4l^l* 
trVZTXC A.CZ2>t C’lPOb Syn. with Mnsinic Acii> (p. 821). 


V 


VAZiSltZC or VilXii:RZil.lVZG A.CZ1>. « O'll". COOII.—This acid 

admits of four modifications, rcprc.scuted by the following formuloe : 


I. 

II. 

111. 

IV. 



cu* 

1 


CIP 

IPC CIP 

IPC CH* 

CIP 

1 



) 

CIP 

1 

CFl 

1 

CH 

JPC— C-CIP 

1 

CIl^ 

1 

cir^ 

1 

(X)OH 

1 

COOII 

1 

CIP 

1 

coon 




(JOOU 


The third of those is not yet known. 'J'he lii'st is produced by oxidation of tlio 
recently discovered normal amylic alcoliol (Liebon a. K()«.si,p. 10(5); also by the action 
of ethyl iodide and metallic silver on /3 iodupropionic acid (p. l)Gl) ; 


CHH 

1 

CIP 

(TP 

J 

CH* + 

! 

t Ag'^ == 2Agn H- (cip)» 

ioou 

cir-i 

COOII 


(W. V. Schneider, Zcituchr.f. (Jhnn. [2] v. 343). It smells like butyric acid and boils 
at 185° (Liebon a. Ihjssi). 

The second modification is the ordinary valeric acid produced by oxidation of tho 
amyl alcohol of fermentation ; and of this there are two subordinate modifications, 
one active to polarised light, tlio other inactive, produced rcBpoctively from tho mdive 
and inactive modification.s of amylic alcohol. Tlio active acid boils at 170°, and 
turns the plane of |K)larisatioTi 43° to tho right in a column 50 centimetres long; tho 
inactive acid boils at 175° (Pedler, Chem. Soc. J. (2J vi. 74). These modifications 
probably depend upon phy.sical isomerism ratlier than on root^'imt'rism— in other 
words, they are duo to difference of arrangement in the molecules of the acid, rather 
than in the arrangement of the atoms williin the inolecuh s. 

Ordinary valeric acid is pro(luco<l by reduction of angelic acid with Iiydri(xljc acid 
and red phosphorus (Ascher, p, 157). 

Tho fourth modification, has been quite recently obtained from 

tertiary butylic alcohol or trimelhyl-carbinol (Hutlcrow, Zritsrhr.f. Chem [2j vi. 243). 

By oxidising valeric acid (the ordinary active acid) with rnariganesu dioxide and 
dilute sulphuric acid, Veiel {Anyi, Ch. 1‘harm. 16U) obtained a small quantity 

of methyl valerat®, V^eiol also states, in direct contradiction to Liebig (i, 250), that 
when a mixture of butyric and valeric acids piirtly saturated with an alkali is 
distilled, the valeric acid passes over, and tho butyric acid remains behind. 

Sodium valerate in aqueous solution is slowly attacked by bromine at ordinary 
temperatures, more quickly when htatr*<l, very quickly in sunshine, forming carlxmic 

Hnjp. 4 C 
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acid, a email quantity of butyl bromide, and a considerable quantity of substitution^ 
products of the latter. Nearly a third of the liquid product consists of butylene 
bromide (Chapman a. Smith, Chem. Soc. J. [2] vii. ISii), 

Ethyl valerate is attacked by sodium with but slif^ht evolution of gas, yielding, 
according to Greiner {Zeitschr.f. Cham. [2] ii. 460 ; Jnhrcsh. 1866, p. 320) a crystalliiR' 
acid, = C'‘H’(C‘H*j'‘'(C*H®0)0*, called divalerylene-valtric acid, together 

with sodium ethylate and alcohol : 

4(C«H®02.C*H^) + GNa = + SC^H^ONa + C^PO + Na^O + 

Ethyl valerate. Soclium divalcrylenc- Stxlluni Alcohol. 

valorato. ethylate. 

According to Wanklyn (p. 590), ethyl valerate is decomposed by sodium in the same 
manner as ethyl acetate, yielding sodium trivaleryl and sodium ethylate ; thus 

+ 4Na =. Na(CTI»0)=' + 

Greiner’s divalerylcne-valeric acid is probably the .same as hydrogen-trivalcryl. 

Isopropyl Valerate. CGP. CO-CH(CII'*)-*. — See Puopyi.-compoitnds (p. 966). 

On the estimation of valeric acid, see Zavatto a. *Sestini {Zeitschr. anal. Chem, 
1869, p. 389). 

ikmldovaleric A.cld. C^n®(Nn“)0^ Butyl-alaoiine. — This compound, hmuo- 
logouB with leucine (amidocaproic acid), is forniod, as observed by Cahours (v. 97H\ 
by the action of ammonia on brornovalcric acid. Tlio lu-oniinated acid is heated witli 
strong aqueous ammonia to 100*^ for 21 hours; the li(|uid, freed from excess of 
ammonia, is treated with hydrated lead oxide; the lilt rate, freed from lead hy 
hydrogen sulphide, is ev.aporatcd to a syrup; and the crystalline mass which 
separates is washed with a mixture of alcohol and other, aTid recrystallisod from 
alcohol; It forms colourless lamime resembling leucine, nearly opaque when dry, 
appearing under the micro.scope as very Hat monoclinic prisms, easily soluble iti 
water, nearly insoluble in cold alcohol or ether, sparingly solulde in boiling alcohol. 
The aqueous solution is neutral to litmus. The acid sublimes without fusion in 
snowy masses ; when it is quickly lieated, alkaline oil-drops (butylamine) collect, 
.above the sublimate. It is not decomposed by cold caustic sotla. The hydrochloride. 
(pIIiiNO* . IKT crystallises over oil of vitriol in tables permanent in the air, insoluble 
in ether, but easily soluble in water and in alcohol ; the eoncentratod solution is not 
precipitated by platinic chloride, ’fho nitraia C'II'‘NO'MINO' is a radio-crystalline 
mass, very soluble in water and alcohol, insoluble in ether, molting when heated and 
flicii detonating with evolution of red fumes. Cupric amidovalcrate, (0'’li '®NO")*('u, 
separates from a solution of the acid Tuixo<l with cnju’ic acetate, on heating, in trans- 
parent scales slightly soluble in hot water, d'he s/Vi.vr .w/i*, separates 

on adding ammonia to a hot solution of the acid mixed with silver nitrate, iti 
spherical groups of crystals, nearly in.soluble in cold, sparingly soluble in hot water, 
and gradually turning grey on exposure to light (Fittig a. Clark, Ann. Ch. Pharm. 
cxxxix. 199). 

Sromovalerio Acid. C^lPErO'. — Fittig a. Clark {A^m. Ch. Pharm, cxxxix. 

199) have confirmed the observation of Borodino (v. 978), that this acid cannot bo 
<listilled without decomposition. The acid propareel by healing dehydrated valeric 
acid with bromine to 120'^-! 30"', and purified by pa.ssing dry air through it, decom- 
poses at eacli distillatifm, even Ixdow 100°, yielding hydrobromic and valiTic acids, 
together with a carbonaceous mass. According to Bonxlino {Za'rischr. f, Ckem. [2] v. 
342), silver valerate treated >vitli bromine, yields Sehutzonberger’s valerate 
bromine or brornovalcric anhydride. 

Cblorovaleric aold, C“II®C10, is formed when 1 mol. sodium valemte and 1 uml. 
hypochlorous acid (obtaini'd by passing chlorine through water in which levigatcl 
mercuric oxide is suspended), are brought togotlier in a cooled vessel placed in the 
dark : 

CIKO = IPO -t CHPC10-. 

It cannot, however, be separated by distillation from unaltered valeric acid, inasmuch 
as it is decomposed by heat. When a solution of sodium valemtc and sfxlium hypo- 
chlorite is left to itself for some weeks, then aeidul.atcd with hydrochloric acid and 
treat^ with ether, the ether dissolves out cli loro valeric acid (Schlebusch, A7tn. Ch. 
Phar^eiW. S22). 

VAX18KXC A 81 DBHYSS. C*H'®0. — This compound heated for soire time to 
240® in sealed tubes, yiehls water, a liquid boiling between 190° and 195^, and 
■everal coudensation -products boiling at higher temperatures. The compound boding 
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at 190®-196° has the composition and oxidises very readily on exposure to 

the air (J. Riban» Bull. Soc. Chim. xiii. 21). 

VAXiB&XC CB&ORXDE. C^Il*OCl. — This compound docs not act in the cold, 
either on dry oxalic acid, or on sodium-amalgam ; but when a pasty amalgam 
contiiining 2 p, c. sodium is bnmght in contact with a mixture of the clilorido and 
dry oxalic acid, a reaction takes place, attended with a slight rise of temperature ; and 
if fresh amalgam be gradually added, w'ith continual agibition, taking care that the 
temperature does not rise too high, till the mass is converted into a dry powder no 
longer smelling of valeric chloride — water then added, and the mixture distilled, after 
ncutralisatiou with sodium carbonate — an oil passes over, containing valeric aldehyde, 
amyl alcohol, amyl valerate, an<l its products of oxidation, viz. valeric aldehyde and 
amyl valerate, together with a peculiar oil of liighor l)t)iliiig point (llaeycr, Zeitschr. 
/. Chem. [2] V. 399), 

VA.X.BROX..aCTXC or OXYVAX.SRXC ACXB. C»H">0» C4i'*(0H) . COOH. 

— Ethyl-lactic acid (iii. 463). Produced by healing bromovaloric acid with silver 
oxide and water. The solution filtered frtun silver bromide and freed from dissolved 
silver by hydrogen sulphide, is filtered and concentrated ; the calcium salt which 
crystallises out is converted into a zinc salt; and t.hu latter is decomposed by hydrogen 
sulphide (Fittig. a. Clark). It may also be preparnl by digesting a mixture of 
chlorovaleric and valeric acid witli excess of caustic baryta ; on removing the baryta 
w'ith sulphuric acid, and evaporating the filtrate, the oxyvaleric acid remains a.s a 
brownish syrup, which may be purified with animal charcoal (Schlebusch, Ann, Ch. 
rhiirm. cxli. 322). 

Oxyvaleric acid crystallises from a solution evaporated to a syrup over oil of vitriol 
in largo rectangular tables, not deli<iU('scent, easily soluble in water, alcohol, and 
ether ; it molts at and volatilises with vapour of w'ator, slowly also at 100° in 
the air-bath (Fittig a. Clark). 

Most of the oxyvulcratcs are soluble in water. TJie aodmm salt^ C''JF*0*Na, forms 
warty crusts, oa.sily soluble in water and in alcohol. The barium salt, is 

an amorphous light yellowish mass. The calciwn salt, 2(OH''0’)*( -a + 3Jr-*() (or 
perhaps (C*lI®0')'''Ca + 211*0), forms crystalline erusls more soluble in hot tlian in 
cold water. The copper salt, (C‘Il‘’()'’)“Ca + is deposited from a 8oIutif>n of 

the calcium salt mixcil with cupric aeetato, in light green prisms, which give off ihoir 
water at 170°. The ch\c salt, (C*Jr'(>=*)'^Zn, s(>paraleM from a concentrated solution of 
the calcium salt mixed with zinc chlori<le, in bulky crysUvllino masses, slightly soluble 
in water, insoluble in alcohol, Tlie .svYivr salt, C*JI''0''Ag, is a bulky precipitate, 
which separates from hot water in feathery crystals. 

VAXaERYEEltf'E. Quiniine, (Kehoul, Cotnpi. rend. Ixiv. 281 ; Bull. Sor, 

Chim. [2] viii, 190). — Tin's quadrivalent hy<lrocarbou and its bromine-compounds 
have been already dc.scribed (v. 981). It unites slowly in the cold, easily at 100° in 
sealed tubes with fuming hydrochloric acid, and the product washoil with alkaline 
water and submitted to fractional distillation, yields the mono- and di hydrochloride 
of valoryleno, together with unaltered valcrylene and a small quantity of a polymeric, 
hydrocarbon. 'Yho monohydrochloride, .10.^1, \h a very mobile liquid insoluble 
in water, lighter than that liquid, and having an oilour like that of amyl chloride, but 
stronger and more unpleasant ; it iKjils at about 100°, t.hat is to say, 10° higher than 
nmyleno hydrochloride. The dihydrochlorvle, CMl^.H'^CP, is a liquid bailing at 
1*'50°-162°, heavier tlian water and insoluble therein. 

VnlcTjfhne. Monohydrobromidc (v. 982) bfjils at 110°; the dihydr.jbromido at 180°, 
with slight loss of liydrobromic acid. 

Fuming hydriodic acid unites directly with valoryleno on agitjitibn, forming two 
compounds, of which only the monohydrUxlide, has been isolated, It is ft 

mobile liquid, sinking in water, and boiling at I40°-142°. 

Acetates. — When the dihydrobromido is heatwl to 100° for eight Iniurs with silver 
acetate suspended in ether, a prfjiluct is obtained, which, when freed from silver 
bromide, silver acetate, and ether, contains mono- and di-acetato of valerylene : 

+ 2C2IP02Ag = 2Agnr + 

Dlhydrobromide. DIacetate. 

and 

Dlaec’tate. Monficctate. Acetic sekL 


4 c 2 
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ValeryUne monoacetate is oLtainod by saturating the portion of the liquid whieh 
distils between 120® and 145® with sodium carbonate and distilling that which 
remains undissolved. It floats on w'ater ; is insoluble therein ; has a fragrant odour 
like that of essence of pears, but more pungent ; boils at about 153 ® ; and is decomposed 
by pulverised potassium acetate, with formation of vale ry lone hydrate (corre- 
sponding to amylene monohy<iriite or secondary amyl alcohol). This latter is an 
r.a*oraatic liquid lighter than water, insoluble therein, boiling at 115®-120®. Sodium 
dissolves in it, with evolution of hydrogen, forming a solid compound, which is clecom- 

g Dsed by water, with reproduction of the monohydrate. Valerylcne diacetatc, 
is a somewhat thickish liquid, insoluble iu water, boiling at 
about 2 )6°. It is decomposed by potash, yielding acetic acid and probably valerylenc- 
di hydrate. 

Polymerides of ValeryUne are formed by the action of sulphuric ftcid on valerylcne. 
When the hydrocarbon is gradually mixe<l with strong sulphuric acid in a cooled 
vessel, a dark violot-rcd layer separates, which, by washing with water and alkali, is 
converted into a rather viscid yellow oil. The acid separated therefrom and neutralised 
with barium carbonate, yields only a small quantity of a hygroscopic salt. The 
yellow oil yields by fractional distillation: — 1. iJivalcrylene hydrate^ 2C*H“.H20, a 
mobile liquid lighter than water, insoluble therein, boiling at 175°-177°, and having 
a strong odour like that of peppermint oil and of turpentine oil. This compound is 
perhaps the ether of the above-mentioned valerylene monohydrato, — 2. Trivaleryleue, 
a yellow oily liquid distilling bedween ‘265® and 275°, having a sp. gr. of 
0'862 at 15°, smelling like turpentine oi), with which indeed (like valerylene itself) 
it is polymeric. 

Still higher polymerides of valerylene are contained in the increasingly viscid portion 
of the product of the action of sulphuric acid on valerylene, wliicli boils above 280® and 
towards 350®, and in tlio brown-yellow mass which separates on cooling. Sulphuric 
acid diluted with one-third of its volume of water, acts on valerylene in the same 
manner as the concentrated acid, but less energetically ; if the acid is diluted with 
half its weight, or nearly an equal volume, of water, the entire quantity of vulorylono 
may bo treated witli it at once, since the mixture docs not become hot till after 
frequent agitation. In proportion ns the acid is more dilute, the product becomes 
richer in the ether, 2C^il‘*.lI‘'0, and iu trivalerylenc. Zinc cliloricle at 160®-! 80® 
produces on valerylene the same transformations as sulphuric acid (Koboul, Cvniyt. 
rend, Ixiv. 419; Ihdi. Soc. Chim. [2] viii. 190). 

VAirABXUlIX. Atomic Weighi, (Ko.scoo, Phil. 7Vrt775. 1869, p. 679 ; 1870, 
p, 317 ; Proc, Uoy. Soc, xviii. 37, 316 ; Chun, Soc. J. [2] viii. 344 ; ix. 23). 

Metallio Vanadium. The only method by which this metal can bo obtained 
in the pure state is by the reduction of a vanadium chloride (free from o.xygcn) in 
hydrogen gas. Roscoe has obtained it by heating the pure dichloride to redness for 
40 to 80 hours in a stream of perfectly pure and dry hydrogen. The process is 
extremely difficult, owing to the avidity with which the reduced mebil absorbs oxygen 
at a red heat, rendering it necessary to exclmlo every trace of air and moisture during 
the reduction. The chloride to be reduced is placed in a platinum boat within a 
porcelain tube, as the metal acts violently on glass and porcelain, and tubes of platinum 
are porous at a red heat.* 

Metallic vanadium thus prep.arcd appears under the microscope ns a shining 
crystalline mass, having a 8t.r<mg silver-white lustre. It docs not oxidise or even 
tarnish in the air at ordinary terapenitures, or even at 100°; does not decompose 
water at 100® ; and may bo moistened with water and dried in a vacuum without 
gaining weight. It does not melt or volutilisc at a briglit red heat in hydrogen. 
The powdered metal thrown into a flame burns with the most brilliant scintillati<ms. 
Heated quickly in oxygen, it burns vividly, forming the pentoxido ; but when slowly 
ignited in air, it first glows and forms a brown oxide (possibly V'^0), then aguin 
absorbs oxygen and is converted into black trioxide and blue tetroxide, till at last it 
attains its maximum degree of oxidation. It is not soluble in hydrochloric cudd, 
either hot or cold ; strong sulphuric acid dissolves it on heating, forming a yellow 
solution ; hydrofluoric acid dissolves it slowdy with evolution of hydrogen ; nitric acid 
of all strengths acts violently on it, evolving red fumes and forming a blue solution. 
Rused with sodium hydrate^ the raetal dissolves, with evolution of hydrogen and 
formation of a sodium vanadate. In a current of chlorine^ the inoUil takes fire, and 

• For adeocriptlou and figure of the apparatus usod, sec tUj paper above cited in the Philosophical 
SVansactioru or (he Journal of the Chemical Society. 
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forms the reddibh-black tctnichlorido ; hoatod in a currout of pure nitrogen it is 
converted into niononitride. 

By igniting one of the solid ohlori<los of vanadium with sodium in an atmosphere 
of liydrogen, iind lixiviating the product, a light finely-divided black powder (trioxide) 
was obtained, whicli remained suspended and was soluble in hydrochloric acid, and a 
heavier grey powder insoluble in hydrochloric acid, consisting of nietallic vanadium 
with more or less oxide. Wlien this metiillic powder, after drying in a vacuum, was 
reduced at a low red lieat in hydrogen gas, it took fire sp.ontanoonsly even when cold, 
on exposure to air or oxygon, forming water and the blue oxide V-’O^ A portion of 
metal exposed to the air for some weeks slowly absorbed oxygon, anil was converted 
into V^O. 

Sromldes and Oxybromidos. Tlio only ln\nni<le known is the tribromido 
VBr*, which is formed by passing bromino- vapour over red-hot vanadium monunitrido. 
A vivid action then occurs, and dark brown vapours are formed, which condense to 
a greyish-black, opaipio, amorplious mass of the tribromido. Tliis compound is 
very unstable, losing bromine oven in scaled tubes; very (Ielit|uescent ; and when 
boated in the air quickly gives off all its bromine, and is converted into the pentoxide. 
When thrown into water, it rapidly dissolves, forming a brown liiiuid (in this respect 
resembling tlie trichloriile), whie!», on addition of a few drijps of hydrocliloric acid, 
assumes a fine green colour, showing the presence of a hypovanadic salt. No iVoo 
bromine or hydrobromic acid is given ott* on dissolving tlio tribromido m water. No 
volatile higher bromide is fonnod in the reaction of bromine on tlio nitride above 
described, for the excess of liquid collected in the receiver yields on distillation 
nothing but free bromine. 

Vanadium Oxytrihromide or Vanadyl VOBr’‘, is obtained 

by passing pure and dry liroinino over reil-hot vanadium trioxiilo. It is a dark red 
transparent liquid, evolving white fumes in contact with the air, decomposing sudtlenly 
at 180*^, and slowly at ordinary lompcratures. Ujidor a pressuro of 100 min. it boils 
at 130®~135°, and may bo distilled almost without decomposition. Its s’p. gr. at 0® 
is 2 067. It dissolves in water, forming a yellow solution. 

Vanadium Oxydihromide or Vanadyl Dihromide, VOBr®, formed by the 
sudden decomposition of the preceding compound at temperatures above 100°, or by 
its slow decomposition at ordinar}' temperatures, is a yellowisli-brown, very deliques- 
cent solid, which dissolves in water, forming a blue solution of a vaniwl ions salt, 
Heated in the air, it gives off all its bromine, and is converted into the pentoxide. 

Chlorides. Three of these compounds have been obtaineil, vir.. Vt'l'', VCl*, and 

V(n*. 

The diohloridey VOl'*, prepared by pas.siug the vapour of the totracldorldo, 
mixed with hydrogen, llirough a glass tube heated to dull rediiess, crystallises in 
bright apple-green micaceous plates, having a sp. gr. of 3‘23 at 18°. When strongly 
hoivted in hydrogen, it gives up all its ciilorino and is reduced to metal. It is 
extremely hygroscopic, and when thrown into water, forms a violet solution identical 
in tint with the liquid containing a hypovainidons salt obtained )>y reducing vanadic 
acid in solution with zinc or sodium amalgam (v, 987), uiul like that liquid bleaches 
strfingly by reduction. Its solution is oxidised by permanganates, according to the 
equation : 

2VCH + O’ + 2ir^<) = ilK'l -f V-0\ 

The trichloride^ VCl’, is best prepared by the quick decoin pis it ion of the tetra- 
chloride at its boiling point, or by it« slow decomposition at ordinary temperaf uri-s. 
The crystalline IxKlytlius obUiined maybe freed from adhering tctnichlorido by<lrying 
in carbon dioxide at 160°. It crystallises in splendid poach-blossonji-coJoured shining 
tiblcs, closely resembling chromic chloride, and having a sp. gr. of 3'00 at 18°. It 
is non-volatilo in hydrogen, and dwomposes when heated in the air, glowing, with 
absorption of oxygen, and forming the peiitxixido. Koated in hydn>gen it is first 
reduced to dichloride, and then at a higln r temperature to metallic variaxlium. It is 
extremely hygroscopic, deliquescing try a brown liquid on exposure Ui tlie air. When 
thrown into water it does not at once dissrlve, hut as sofjn as the crystals get 
moistened, a brown solution is formed, wliich turns green on iwldition of a drop of 
hydrochloric acid, and then contains a hypovnna/Iic salt. This green tint is identical 
with that produced by reducing a solution of vaiiailic acid with magnesium (v. 987). 
The solution of the Lricldorido is oxidised by j>ennanganates according to the equation : 

2VCP + + 3H’0 = fifICl -h 

The tetrachloride, VC1^ is formc<l ns a dark reddish-brown volatile liquid^ wlieii 
metallic vanadium or the mouoiiitride is heated in a current of chlotiiKli; also when 
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the vapour of the oxytrichloride (v. 992), mixed with excess of chlorine', is passed 
several times over a column of red-hot charcoal ; the whole of the oxygen may thus 
bo removed and ultimately perfectly pure tetrachloride obtained. The tetrachloride 
prepared by the first method may bo purified by distillation in a current of chlorine 
and afterwards in a current of carbon dioxide. The pure totrachlorido is a dark 
brown liquid having a sp. gr. of 1*8584 at 0°, boiling at 154°, and not solidifying at 
— 18°, Neither at this nor at any higher temperature is it altered in its properties 
by treatment with chlorine. It is resolved quickly on boiling, slowly at ordinary 
temperatures, into the trichloride and free chlorine. When thrown into water, it 
immediately decomposes, forming p, blue solution, identical in colour with that whicli 
is obtained by the reducing action of sulphurous or sulphydric acid on a solution of 
vanadic acid, and containing a vanadous salt derived from the tetroxide, V“Oh Tlio 
solution treated with permanganate is oxidised according to the equation : 

2VCI* + O + lU-O = 8IIC1 + V"0\ 

The aqueous solution of tlie telrachlori<le does not bleach ; but if the vapour bo 
passed into water, a liquid is obtained which bleaches litmus. Vanadium tetra- 
chloride acts violently on alcohol and ether, forming deep-coloured liquids. 

When bromine and vanadium tetrachloride are hcatc<l together in a sealed tube, no 
combination takes place, but trichloride is deposited : hence it appears that vanadium 
does not readily form pentad compounds with the chlorous elements. 

Iodine does not attack either trioxide or nitride of vanadium at a red heat. 

Vanadium Mononltride, VN, has been* already described (v. 987) as obtained 
by the action of ammonia on vanadyl trichloride. A more economical method is to 
subject ammonium metavanadato, NII^VO’*, at a wliito heat to a current of dry 
ammonia ; the pure monoiiitridc then remains btduiid. It may also be prepared by 
heating the trioxido or the dichloride to whitenes.s in a platinum tube through whicii 
dry ammonia gas is passed. 

XMtetalllo VanadateSi The analogy between the vanadates and phosphate.s has 
been already pointed out (v. 989). The vanadates examined by Berzelius and 
v. Hauer, wore chiefly meta va n adutes, M'VO^ or and anhydrovanadates, 

2MV0^.V20*, or . V'^0^, Koscoe has lately obta.ined several ortho- 

vanadates, IVPVO*, and letrabasic vanadates, or py ro vanada tes, MW"0^. 

The soluble vanadates of these three cla.ssos exhibit, at ordinary temperatures, an 
order of stability which is the reverse of that of the corresponding phosphates, the 
metavanadates being the most and the orthovanadates the least stable. Thus stxliuni 
orthovanadate, NaWO‘, splits up in solution into caustic so<la and the pyrovanadate ; 
and the soluble pyrovanacbitcs in aqueous solution are easily decomposed by carbonic 
acid into an alkaline carbonate and a monobasic or metavanadate. At high tem- 
peratures, on the other hand, the tribasic salts are the most stable ; thus vanadium 
pontoxide, when fused with sodium carbonate, eliminates 8 mol. CO®, and forms an 
orthovanadato, but when boiled witli a solution of sodium carbonate it forms a 
metavanadato. Hence, as most of the Jiative vanadates are tribasic, wo may assume 
that they have been formed at high temperatures. 

The soluble orthovanadates form with ferric salts a light brownish-yellow 
gelatinous precipitate; soluble in hydrochloric, insoluble in acetic acid ; with ferrovs 
salts, a dark grey precipitate; with manganons salts, brownish-yellow crystalline; 
with sine satis, white gelatinous; with cobalt salts, brown-grey gelatinous; with 
nickel salts, canary-yellow crystalline ; with copjier salts, apple-green ; with rncrcuric 
salts, orange-yellow; and with aheminium salts, a bright yellow gelatinous proeipitate, 
soluble in excess of either reagent, the solution thus formed yielding a while 
precipitate on boiling. 

Sodium Salts. — The tri-sodic salt or sodium orihovanadate, Na*VO' -f ICH'O, 
romaius as a white crystalline mass when a mixture of 3 mol. sodium carbonate and 
1 mol. vanadium pentoxide is fuserl till no more carbon dioxide is evolved. This 
mass dissolves easily in water, and on addition of absolute alcohol two layers of 
liquid are formed, the lower of which solidifies after a while to a mass of needle- 
shaped crystals having the composition above given. In analysing this and the 
following salt, the vanadic acid wtis precipitated in the form of the perfectly insoluble 
orthovanadate of lead (p. 1127) ; this was dried at 100° and weighed, then di.ssolved in 
nitric'acid and decomposed by sulphuric acid, and the solution of vanadium pentoxide in 
excess of this acid gave on evaporation a finely crystalline mass. The filtrate fn^ra 
the leswl precipitate sodium sulphate on evaporation. 
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Tetrasodic Vanadate or Sodium Pyrovanadate, Na^V^O' + 1811*0. — Tho trisodfc 
salt, wlien repeatedly crystallised, splits up into the tetrasodic salt and miietic soda r 

2Na>V0* + H*0 Na^V*0^ + 2NaH0. 

Tho tetrasodic salt crystallises in Loantifnl six-sidod tiiblos, easily soluMe in wiiter, 
insoluble in alcohol, and is precipitated by the latter liquid from aqueous solution in 
white scales having a silky lustre. As lonp as it contains free alkali or trisodic salt, 
it forms, on precipitation with alcohol, oily drops which gradually solidify. 

The tetrasodic salt is always formed in tho first instance when vanadium pentoxido 
is fused with excess of sodium carbonalo, and can be easily obtained in tlio pure slats 
by recrysUillisation. 

The corresponding calchayi and harinm vauadatcK, Ca*V-0^ and Ila’*V'*0^ are white 
precipitates obtained by adding tho chlorides to a solution of t(-trasodic' vanadate. 
Tho calcium salt contains 2i mol. water; the barium salt is anhydrous. When 
ciilcium chloride is added ta“ a solution of tho trisodic salt, dicalcic vanadate is 
procipitivtod, and tho solution contains calcic hydrate. 

Lead Salts. — Tho va7}(tdaie, or Orfhovanaddie, rbXVO*)*, is obtained as 

a light yellow insoluble powder on precipltal ing trisodic vanadate with a soluble lead 
salt. i:]ae>orihovanada[o-chloride, aPb^fVO^y-’.PbfT^ which occurs native as vanadinde, 
may bo artificially prepared by nudting for five hours a niixlure of vanadium 
pentoxido, lead oxide, and lead ehloridc in the recjnired projiortions, with an exccs.s * 
of sodium clilorido. iVfler cooling, a grevish orystaUine mass is left, containing 
cavities filled with long crystals having ‘the same colour as t!io mass, and distin- 
guishable under th(( micro.scopi^ ns six-si<led ]>risms. The crYslalline powder, after 
being freed by boiling from soluble ebloride, oxliibits tlio composition of native 
vanadinito; its sp. gr. at 12^ is 0707, thnt of the natural mineral «-886. Pasic 
diplumbtc Vanadafe, 2PbW-0Mn>0, is preeipitabsl n.s a jrvle yellr)w powder wlmn 
lead acetate ia a<ldcd to a solution ot tet iu.sodic vanadate.*, I lie lifjnid acquiring afi 
acid reaction. It is quite insoluble in water and in dilute acet ic acid, but dissolves 
readily in nitric acid. 

Silver I (inadates. — Die orfhovavadafey Ag'^VO*, is obtained a.s an orange- 
coloured precipitate cm aditing silver nitrate to a recently ]>n*pared and perfectly 
neutral solution of trisodic vanadate. It i.s Insolnblo in water, imt dia.soivcs rcadilv 
in ammonia and in nitric acid. The pprovaimdatCy Ag*P'0’, Kcpai’iites on adding a 
neutral solution of silver nitrate to the corresponding so<iium-snll , as a yellow, dense, 
crysUvlline precipitalo, reseml)Ilng in colour the ordinary [diosphatu of silver. 

V APO t/&»l>ZlsrSXT'S' . A new method of determining vajwmr-densities, founded 
on tho well-known nu'thod of Gay-IiUssnc, is described l.y A. W. Hofmann {Deiif. 
ch^’m. Ges. Bcr. 1868, i. 108). A gradnate<l glass tn!»a about a metre long and IT) to 
20 mm. wide, is filled with mercury and inverted in a mercury trough, whereby a 
l)aromotr.c vacuum, 20 to 30 mm. high, is formed at tho top. This part of tlie tube is 
enclosed in another tube 30 to 40 mm. wi<lo and 80 to 90 mm. long, drawn out at the 
top to a conducting lube of modernlo which is l.ent at riglO: angle.s, and 

connected with a glass or copper vessel in whicli w^ator, aniline, or r>t)ier liquid can bo 
bf)i]ed. Tho outer tube is clo.sod at bott/mi with a cork having two apertures, one to 
admit the barometer-tube, the otlier for an csca])C'tube. Jly tliis arrangement, a stream 
of vapour of water, aniline, or other volat ile liquid can be made to pass through the 
space between the two tubes, so as to keep tho upper part of the barometer-tube at th<» 
temperature required for the determination. The substance whoso vapour-density Is 
to be determined, is introduced into tho luiromotric vacuum in small glass tubes fitted 
with ground stoppers, which uro forced out by Iho tension of tho vartour. Tho gimt 
advantage of this nuahcKl is that, under tho %’ory small pressure to which tho enclos(!d 

vapour is subjected — which may be reduced to 2(t or even 10 millimetres of mercury 

the determinations may be mado at com p.a rati vely low temperatures. Tliu.s, in tho 
case of liquids boiling under the ordinary pre.ssnre at 120"' or even the vapiur- 

density may bo accurately determined at iho temperaturo of boiling water. For the 
working details and a figure of the a[)paratn.s, we must refer to the original paper. 

VX&ZHZG A.CZlk« This acid, obt.^iincd by fb>clilodor from caffetannic acid, may 
also be prepared directly from coffee-berries, by boiling fbem with cthor-alci'jhol to 
remove tno fat, and exposing them in tho form of moist pjwder to tho air. The 
powder turns green in a few days, and if then exhaustcil with acetic acid and alcohol, 
yields viridic acid as a brown amorphous mass (C, 0. Ceeb, Ann, Ch, Vharm, 
cxliii. 366). 
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VOXiTJLZTSa This mineral has been found, in non-cleavablo octohodrons witli 
cubie and dodecahedral faces, mixed with ferrous sulphate, in an iron mine at 
Kremnitz. Colour, black to violet; hardness, 3 ; sp. gr. 2'79. Analysis gave 48 0 p. c 
SO«, 5T APO®, 12*9 Fo^O*, 15-6 FeO, 3*6 K^O, and 16-3 H^O (Tschermak, mm, 
AkaA. Ber, Ivi. [1] 824). 


w 


WA.£m7T. See Jcolans (p. 703). 

On the electrolysis of water in contact with silver, see Rundsparlen, 
{Ann. Ck. Pharm. cli. 306 ; Zeitsclir. f. Chcin. [2J vi. 49). 

Oh the influence of water on double dceoinpo.sitions, and on the accompaiiyiiig 
thermic effects, see Marignac {Compt. rend. Ixix. 1180 ; Zeitschr. f. CJiem. [2J vi. 
69). 

IXTjELX from The straw of cereals yields a white wax, greasy to tlio 

touch, insoluble in water and in cainstic alkalis, soluble in alcohol, especially when 
warm, also in ether and in carbon bisulphide, and crystal li.sing from alcoholic solution 
by slow cooling in small biblos or shining nacreous scales. At 42° it melts to ii 
colourless oil, which makes grease .spots on paper, and solidifies on cooling to a hard 
brittle mass. It boils at about 300^, almost without residue ; the portion- distilling 
over between 300*^ and 303° melts as before at 42°. The wax is easily attacke(i 
by bromine at a gentle heat. Nitric acid, oven when hot and concentrated, attacks it 
with difficulty, forming a compound soluble in caustic alkalis. Strong sulphuric 
acid attacks the wax when heated, forming a solution from wliich water throws down 
a flocculcnt precipitate probably consisting of the original compound (Radziszowski, 
Beut. chem. Gcs. Ber. ii. 207). 

WOOXi. On the composition of raw sheep’s wool, see Mareker a. Schulze (•/. pr. 
Chan, cviii. 193 ; Zeitsclir. f. Chem. [2] vii. 281). 


X 


XAHSrTHXlH'll. Neubauor’s method of estimating xanthine and 

separating it from sarcino in muscular flesh, i.s given under Sarcine (p. 1013) ; see 
further Zeiischr. f. Chem. [2] v. 31. 


XEKTOK. Syst. with Xylenoi.. 


XOZTAZiTXTlI. A hydrated calci\un silicate, found at Tetela do Xonatla in 
Mexico. It occurs intergrown with ap<'>phyllite and bustamito, forming white or 
bluish-gi'cy concentric layers. Fine-grained or compact ; very hard and tough ; sp. gr. 
2'710 to 2*718. Analysis gave for the white variety, A, and the grey variety, 11, the 
following numbers : 


SiO^* 

CaO 

MgO 

MnO 

FeO 

H»0 

40*68 

43*66 

~ 

1*79 

1*31 

3*70 

6025 

43*92 

0*19 

2*28 

4*07 


agreeing nearly with the formula 4CaSiO* + II^O (Rammelsberg, Jdhrb. Min. 1866, 
p. 718). 


XT&BXVBRXAMZXrs. Syn. with Xyeylexediamine (p. 1132). 

XnBiroZi. C«H'»0 Cm^CK^yOB.— Bimethyl-phenol, Xenol, XyhfUc 

phenol (Wroblevsky, Zeitschr. f. Chem. [2] iv. 232 ; BuU, Soc. Chim. [2] x. 286 ; 
Vurtz, Jahresb. 1868, p. 469). — Prepared by fusing tfie potassium salt of xylyl- 
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sulphurous acid, C^H^SO^K, with twice its weight of poUissium hydrate, dcc(^mposing 
the resulting mass with hydrochloric acid, and distilling in a current of steam, or 
digesting with other, whicn dissolves out the xylenol. According to Wroblevsky, it 
is a liquid boiling at 2l4’‘i° (corr.), having a sp. gr. of 1*0233 at 22°, and smelling 
like phenol ; slightly soluble in water ; coloured faintly greenish by ferric chloride. 
I3y treatment with sodium and carbon dioxide, it is con vertocf into xy let io acid, 
(Wroblevsky). 

Wurtz.^by decomposing tho fused alkaline mass obtained, as above, with hydro- 
chloric acid, digesting it with ether, and distilling, obtained a liquid which passed 
over at 210°, and when exposed a Avintor temperature, separated into two isomorie 
inodidcations, one crystalline, tho other liquid. — a. Solid a'yU7wl dissolves abundantly 
in alcohol and ether ; molts at 7o° to a liquiil which has a sp. gr. of 0*9709 at 81°, 
and contracts considerably in solidifying; it boils at 213 5°, and when heate<i above 
iu melting point gives off copious fumc.s which condense on tho cooler parts of the 
vessel. — 3. Liquid xyhiml is colourless and strongly refractive ; has a sp. gr. of 1*036 
at 0°, and 0*9700 at 81° (oxpansion-cot'llicieiit 0*0(K>868) ; boils at2ll'6° (bur. at 
759*7 mm.) ; mixes in all proportions with alcohol ainl ether ; is slightly soluble in 
water, and itself dissolves small quantities of that liquid. 

Solid xylenol is also produced by heating the neutral potassinm salt of oxymesity- 
lenie acid with excess of potash, just as phenol is obt ained from potassium salicylate: 

+ IPO = K'co" + 

(co»K I '''* 


The xylenol thus prepared agrees almost exactly in its physical properties with lliat 
obtained by Wurtz (melts at 73° ami boils at 216°). Now as mesitylonic acid, when 
heated with lime, yields metaxylono (p. 293), in udiich tlio two metliyUatoms occupy 
tho places 1, 3, it follows that in the phenol olitaiiUMl from oxymositylenic acid, tho 
two methyl-atoms will also occupy a similar position, Iiaving tho liy<]rogon-atom 
between tliem. Tho isomerism of solid (a) and liquid (/8) xylenol may accordingly bo 
represented as follows : 




1 


OIP 

( 111 * 


Xylene (1, 3). 


[cw 

a-XylcnoI. 


fClP 

(T[3 

(OH 

/5-Xylemil. 


Bromine coriA'crts xylenol into t ri b romoxy 1 c n ol, ('"IHI'r’O, which forms 
golden-yellow shining crystals, molting at 141° (Wroblevsky). 

When a-xylenol susponded in water and cooled is treated with bromine, and tho 
excess of bromine evaporated, d i b ro moxy le n ol remains as a laminar 

mass, which crystallises from alcohol in birge golden-yellow plates, molting at 176°, 
and subliming at higher temperatures in delicate golden-yellow spangles. It is easily 
soluble in Jmt, less easily in cttld alcohol, insoluble in water and in sodium carbonate; 
dissoh^es in alkalis, especially when warmed, but apparently not without docomposi- 
(Fittig a. Iloogewerf, Ztufschr. f. Chon. [2] v. 170). 

Xylenol is isomeric with Muller's xylylic phenol, with plilorol, and with the so-called 

toluylic alcohol, | (ql 'Qjp better culled xylylic alcohol (v. 1062). 

XYUSTZe .A.OZ]>, * CTPO.CO^H, isomeric with phloretic, tropic, 

and melilotic acids, is prcxluced by treating xylenol with smliura and carbon dii>xide. 
When separated from tho resulting smlium salt by hydrmrhloric acid, and freed from 
ad.mixod xylenol by a current of steam, it forni.s white crystals, molting at 155°, atid 
sublimable. It is more soluble in hot than in cold water ; colours ferric chloride 
violet. Tho barium s(de, (C®II«0»)*Ba + il-O, and tho calcium salt, (C®II®0*)K'a + 
2ir-0, form needle-shap^ crystals, which give otf their water at 150° (Wroblevsky, 
/''X?. cit.). 

xmo or ACZ1>. Cni'W « C«JP(CH’')».CO»jr. Twomodifica 

tions of this acirl, distinguished as xylic and arc formed, together with 

xylidic acid, C*H*(CH’'). (CTFIJ)’, by oxidising pseudocumene (prepares! by metliylisa- 
tion of metaxylene, p. 290) with dilute nitric acid (I vol. Jicid of ftp. gr. 1*4 and 
2 vol. water) at the boiling heat. At the end of the reaction, a crystalline mass 
sopamtes ; and on ropcatod^ly boiling this mass with waUir, xylic and paraxylic acids 
pass over, while xylidic acid and nitro-ackJs remain behind. Tho distillates uro 
supersaturate^l with sodinm carbonate and boiled down (whereupon admixed nitro- 
pecudocumene passes over) atid the conccntratwl solution is supersaturated with 
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hydrochloric acid. The mixture of acids thereby separated is finally treated with tin 
and hydrochloric acid, to remove the nitro-compounds, and converted into ciilciuni salts 
which may bo separated by their different solubility in water, the xylate being more 
soluble than the paraxylate. 

Xylic acid crystallises from alcohol in colourless monoclinic prisms, melting at 120®. 
It also.molts in boiling water, then dissolves, and crystallises for the most part in 
needles on cooling. In alcohol it is much more soluble, especially at the boiling heat. 

Calcium xylate^ (C®H®0*)*Ca + 2H*0, crystallises in hard, transparent, colourless, 
monoclinic prisms, which dissolve abundantly, though slowly, in water. The haviuni 
salt, (C^H^O^y-^Ba + 8H''*0(?), is very soluble in water, and remains on evaporation 
ns a radio-crystalline mass. 

By potassium cliromate and dilute sulphuric acid, it is easily and completely 
oxidised to carbonic and acetic acids, a small quantity of xylidic acid being sometimes 
also formed as a secondary product. 

Paraxylic acid crystallises from alcohol in rather lai^^e concentrically grouped, 
colourless, pointed prisms, melting at 168^. It is nearly insoluble in cold, very 
sparingly in boiling water, does not melt when boiled with water, dissolves very 
easily in alcohol. When oxidised with nitric acid, it yields xylidic acid identical with 
that which is obbiined by oxidation of xylic acid. Calcium paraxylate, 

+ crystallises in soft white spiculje, often grouped in tufts, dissolving quickly 

when warmed with water. The barium salt, (C*TPO^)^Ba + 411-0, crystallises in 
tufts or stellate groups of hard colourless noodles. It is more soluble in water than 
the calcium salt, but less soluble than barium xylate (Fittig a. Laubingcr, ZcUschr f. 
CW [2] iv. 597). 

In pseudocumene, C®II^(CIT^)’ (p. 296), as shown by Biobor a, Fittig {ibid, v. 
434), the three methyl-atoms occupy the relative positions denoted by 1, 3, 4. Now, 
us this hydrocarbon, when oxidised witlv nitric acid, yields simultiinoously the twii 
isomeric acids xylic and paraxylic, it follows that two of its methyl-atoms are oxidised 
with equal facility to CO'^H. The positions of these two equally oxidable mcthyl- 
.itoms may bo determined by removing the carboxyl -groups from the two acids, and 
observing what modifications of xylene or dimethyl-bcnf^ene. are thorel)y 

proilucod. Now it is found that xylic acid, when licatod with lime, yields motaxylenc 
or isoxylene (1, 3), and paraxylic acid similarly treated yields orthoxylene (3, 1); 
hence it appears that in the formation of xylic acid from pseudocumeno, the methyl- 
ntom occupying the position 4, is oxidised to carboxyl, and in the formation of ])ara- 
xylic acid, the methyl -atom occupying the position 1, undergoes that change: thus; 


Benzene . 


1 

H 

2 

H 

ir 

4 

H 

5 

ir 

6 

If 

Pseudocumeno 

G« 

(CIP) 

II 

(ClP) 

(cir«) 

ji 

11 

Xylic acid 

C« 

(CH3) 

11 

(CTP) 

(CO^U 

11 

II 

Paraxylic acid 

c« 

(CO^H) 

H 

(CIP) 

(CIP) 

II 

u 


Identical with the xylic acid above described is that which Scliapor obtained hy 
oxidising cumene (prepared by dry distillation of calcium cnmone-sulphnte) with dilute 
nitric acid ; melting point 125^ {Zcitschr.f, Chem. [2] v. 545); and probably also the 
acid melting at 122°, wliich Kokul6 obtained by the action of carbon dioxide and 
sodium on bromoxylene. The xylic acid described by Ilirzel a. Beilstein, as melting 
at 204°, and as yielding insolinic acid by /urther oxidation, and the liquid xylic acid 
described by Kiiglor a. Beilstein, both produced by^jjioldation of cumene (v. 1062) 
seem to require further investigation. W 

fCH* 

xnzsxc iiczn. amo* = C«H» ] CO«H.— This bibasic acid, isomeric with 

lCO=H 

uvitic or mesidic acid, is formed, as above stated, by the oxidation of xylic or paraxylic 
acid, or directly from pseudo-cumene, by simultaneous oxidation of the methyl-atoms 
1 and 4, in the same molecule of the hydrocarbon. It is a white, amorphous, bulky 
mass, nearly insoluble in cold water, very slightly soluble in boiling water, easily in 
alcohol, especially when warm, and crj^stallises therefrom, by spontaneous evaporation, 
in white granulo-crystalline nodules. It melts at 280°-283°, and sublimes easily 
(especially in a stream of dry carbon dioxide), in hard colourless needles melting at 
291°. Calcium xylidate, C®H*0‘Ca, forms indistinct white scales, veiy soluble in 
water, and containing water of crystallisation, which they give off over oil of vitriol. 
The barium salt, C®H*0*Ba, remains on evaporation as a radio-crystalline mass, more 
soluble in water than the calcium salt, precipitiitetl from the concentrated solution by 
plcohol, in colourless flocks. The silvtr salt is obtained as a white flocculent pre- 



XYLIDINE— XYLINDEIN. 


1131 


cipitat©, moderately soluble in hot water. The solution of the ammonium salt forms 
with cupric salts a light blue flocculent precipitate, soluble in a hu'go quantity of 
water; no precipitate with zinc salts (Fittig a. Laubinger, loc, cU,), 

SCTUBZITB. = C*1I*(NH^). Amido-xylene. — The a and $ modifica- 

tions of nitro-othylbenzeno (p. 292), yield by reduction corresponding xylidines. 
The a-xylidine thus obtained is a clear liquid, having a sp. gr. of 0*976 at 22°, and 
boiling at 213°-214°. The i3-xylidine has a sp. gr, of 0 975 at 22°, and boils at 
210°-21l°. lloth turn brown in contact with the air. The corresponding aceto- 
xylides, C*H®.NH(C^H*0), were prepared by prolonged boiling of the bases with 
glacial acetic acid and recrystnllisation from alcoliol. a Acotoxylido melts at 94°, and 
boils at 315°-317°, dissolves sparingly in Ixhling water, and separates on cooling in 
small very slender needles. /3 Aceroxylido boils at 3()4°-305°, and is easily soluble 
in boiling water (Beilstoin a. Kuhlberg, Zeiischr. f. Chem, 12] v. 525). 

Genz vi. 216) has prepared acotoxylido from xyliuine boiling at 212°-'218°, 
obtained by fractional distillation of aniline-oils of high boiling point The aceto- 
xylide, slowly crystallised from boiling water, forms needles an inch long, melting at 
112°-! 13°, easily sohihle in alcohol and ether. By boiling with potash it is resolved 
into xylidirio and acetic acid. On agitating it.s saturated aqueous solution with 
bromine-water till the liquid becomes permanently yt'llow, and recrysUvlllsing tho 
resulting rcddisli pn-cipituto from hot water, acetohronioxyUde, C^Jl^Br .N1I(C*1:1*0), 
is ol)tiiinod, in colourless needles; l>y decompo.sition with potusli it yields bromo- 
xylidinc. 

Bitroxylidines or nritroamldoxylenes. «== C“II"(NO*)(NH*).— 

(Fittig, Ahrens a. ]Matthei<lcs, Aa??. Ch. Pharm. cxlvii. 15; Jahrrah. 1807, p. 697)* 

Metanitroxylidine or jSitnhamidometaxylene^ ol»Uiinod by tlto action of hydrogen 
sulphide on a solution of dinitn^-niohixylene (p. 291) in alcoliolic ammonia, crystallises 
from water or alcohol on cooling, in orange-re<l needles; from tho latter, by spon- 
taneous evaporation, in woll'ti<‘fined crystals apparently monocliiiic. It is nearly 
iiiKolublo in cold, sparingly soluble in liot water, easily in boiling alcoliol, and molts 
at 123° (Fittig, Alirens a. MattUoides). According to Luhmunn {Ann, (Jh, Pharm. 
cxliv. 274) it molts at 130°, and sublimes without decomposition. 

a lS'ilro-para^ylidi)ie or a Ni(r<Himido-jK<ra.r///<7i^\ ])i*epar<‘d in like manner from 
a clinitroparaxylene (p. 29 1), crystallises from alcohol in long golden-yellow noodles, 
which melt aft 96°, subliino when carefully heated, arc sparingly soluble in water, 
easily soluble in alcohol. From /3 dinitroparaxyhmo it was not found possible to 
obtain a well-charactoriso»l crystallino base, Trinilrometaxylciie, treated with ammonia 
and hydrogen sulphide, is easily converted inU> iho corresponding an<l 

ni/rodiamidoxy/rncs, which aro identical with the bases obtjiincd by Bussonius a. 
Fisenstlick, from the so-called trinitropotrol (iv. 382). Trinitro-para xylene is reducotl 
in like manner to basic compounds, but they aro resinous and difficult to so|)arato 
(Fittig, Ahrens a. Matthcidcs). 


Oixylylcarbotriamine, Blxylylftruanldlne, or Mexylldine, 

( 




(C*!!®)’, produced by tho action of dry gaseous cyanogen cldorido on dry xylidino, 


forms large colourless plates, sparingly soluble in cohl, moro easily in hot water, 
easily in alcohol and ether, ^With platinic chloride it forms the crystalline double 
salt, 2(C‘ai*»N» . IICl) . PtCl«.^Dz). 


Xylidine-red. Xylidine boiling at 212°, prepared from anilino-oils of high 
boiling point, does not yield any red colouring matter when treated with tho oxidising 
agents used for the pnjduction of rosanilino, either alone or’ when mixed with 
toluidinc. But a mixture of tho same xylidine with pure aniline (which yields no 
red colouring matter by itself) instantly accjiiires, on boiling with either of those 
oxidising agents, a splendid crimson colour, due to the formation of a colouring 
matter homolr>gou8 with rosanilino. This prcKluct, which dyes wool and silk almost 
as brightly rcii ns Cfjsaniline itself, has probably thf* composition — 

+ 2C*H“N + H*0 — 3JI* (Hofrminn, ZeUachr. f. Chem, [2] v. 633). 

Xylidine prcpare<i by reduction of othyl-bonzcno likewise boils at 212°, but does 
not yield any red product when Iwiled with oxidising agents, either alone, or mixed 
with toluidine, or oven with aniline.. It likewise differs from coal-tar xylidine in itsi 
(slour, wliich resembles tliat of indigo prepared from aniline, and by tho far greater 
solubility of iU salts (Hofmann a. Alartius, idtid. 693). 

ICTlinroUir. a green colouring matter obtained by Kummier {Compt, rend. 
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Ixvi. 108) from tho greenish -l>liic decayed wood from which Fordos prepared hia 
xylochloeric acid (r. 1060). Tp prepare it, tho dried and pulverised wood is exhausted 
with 1 p. c. potash or soda-ley ; tho filtered and expressed extracts are precipitated 
with hydrochloric acid ; the bulky precipitate is washed with slightly acidulated 
water, then redissolved in dilute potash-ley, and reprecipitated with alcohol of 
86 p. c., and a saturated solution of common salt free from lime and magnesia. 
Xylindein is thereby precipitated, while humous subsbinces remain in solution. 
This treatment is several times repeated, and the mass is finally washed with alcohol, 
dissolved in water, reprecipitatorl with hydrochloric acid, and dried under the air- 
pump. Xylindein thus prepared contains 50'S3 p. c. carbon, 6'33 hydrogen, 2 G3 
nitrogen, 41 '81 oxygen, and traces of iron and calcium. It is amorphou.s, and of 
dark green colour. Water dissolves it easily (in tho hydrated state), with splendid 
green-blue colour ; sodium chloride and acids, excepting acetic acid, precipitate it 
from this solution with green colour. In alkalis and alkaline carbonates, it dis.solves 
very easily with green colottr, or greenish-yellow if the alkali is in excess, whereas 
^lochloeric acid is insoluble in alkalis. Strong sulphuric, nitric, and hydrochloric 
dissolve it, with rapid decomposition. With lime and magnesia it forms lakes 
insoluble in water, alcohol, &c. It is insoluble in strong alcohol, ether, wood-spirit, 
carbon bisulphide and benzol ; chloroform in contact with hydrated xylindein acxpdres 
a faint blue colour. It is reduced like indigo by alcoholic poUish and glucose, the 
solution turning brown. It dyes silk and wool blue-green, without tho aid of 
mordants. 

XTXiZlVZC ACZ1>. An acid existing, according, to Lefort {Com'pt. rend, Ixiv. 
1235), together with unaltered cellulose, resins, humous substanecs and salts, in tho 
wood of old oak, elm, and willow stems. It is prepared, like Rommier’s xylindein, 
by extraction with weak alkaiiuo-ley, precipitation with hydrochloric acid, and treat- 
ment of the washed precipitate with alcohol atul ether. Tho acid thus obtained is 
described as a hard, black, tasteless and scentless mass, slightly soluble in water, 
insoluble in alcohol and other, easily soluble in alkalis. With tho alkalis it forms 
amorphous brown or reddish salts ; its other salts are insoluble. Ijcfort assigns to 
the acid the formula 20‘^II'*0“ + I1“0 ; tho barium and calcium salts exliibit 
corresponding composition. 

XTZiTZ*, XYZiTZiZC AZ.COBOZ>, AC STATE, CBZiORZBE, SXTZtPHY- 
BRATB, &c. See tho compounds called' Toluyu, Toluylic Alcouol, &c., v. 
869, 870. 

XTSTZiAlIZZXrES (Pioper, Aim. Ch. Pharm. cli. 129). — Bases homologous with 
tho benzylamines, produced by tho action of ammonia on xylyl chloride, C*H®’C1 ~ 

C*II* I This chloride, prepared by passing cfiiorine into xylene at tho boiling 

point, is hoated in scaled tubes to 110® with strong alcoholic ammonia ; the contents of 
the tubes are thrown on a filter; and tlie crystalliiio mass, containing a large quantity 
of sal-ammoniac, is washed several times with alcohol. Tho filtrate freed by distilla- 
tion from tho ammonia and the greater part of the alcohol, is then mixed with water 
which throws down impure oily trixylylamine ; and the crystalline mils'- 

remaining on the filter is drenched with water, which (Solves the hydrochlorides ol 
xylylamine and dixylylamine, leaving trixylylaipine nt^ssoLved. Tho solution of tlu 
mixed hydrochlorides when concentrated, first deposits the dixylylamine salt, whicli 
may be purified by recrystallisation ; the mother-liquor, evapoirated to a small bulk ami 
mixed with strong potiish-lsy, yields an oil consisting of xylylamine salt mixed will: 
dixylylamine ; and on drying this oil over sticks of potash and distilling at 210® 
xylylamine passes over, while the dixylylamine remains behind. 

Xylylamine, C*H”N = Nj isomeric with xylidine, is a colourless, oily 

strongly alkaline liquid, smelling like herring-pickle, floating on water, and%oiling a( 
196°. It is soluble in alcohol and ether, insoluble in water. When exposed to tlu 
air, it rapidly absorbs carbonic acid and becomes solid. Its solution in dilute alcohol 
precipitates the hydrates from many metallic salts. The hydrochloride, C*H”N .HCl 
crystallises in white needles, easily soluble in water and alcohol, and melting at 186® 
The jplatinochloride, 2(C'*H“N.HCl).PtCl*, forms golden-yellow shining laminae 
With mercuric chloride also xylylamine hydrochloride forms a double salt whicl 
separates in white ciystals. 

The isomerism between xylylamine and xylidine or amidoxylene is represented bj 
the following formulse : 
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C * H * 




) CH - NU * 

Xylylamino . 




CH>' 


Xyliaine. 

Vixylffl^mine, C-K>-N = N a WutlyyeUowish alkaline oU.smellb^ 
like herring-picWo, Ughter timn water cuu"ir!Hc\*fom8 wkiU light 

w^^Ltld anSTri 00 »- 196 ^. Tlhe ^ 

Ijv the action of bromine and water on tnxyl^himiiio . 

(C*B[®)®N + H*0 + Br® = C*II"0 + (0"lP)*IlN.HBr 


HBr. 


On heating the liquid, the toluic aldehyde passes over, while the dixylylaraiue hydro- 
brcmide “’"1“"® _ N(0“ll"y, is obtained pure hy mixing the crude oily 

viscid, colourless, shgluly ‘'''j"'"’® ’ ,1 *'i a^nd cOier ; dceoinpoawl hy disUllalion. 

The ’% w ) we , forms 

Y ^ ... lahrcsh ] 867 p. 097). Produced 

Ahrens a. Mattheidcs, ’xyleuu) willi tin and ^lydrochloric acid, 

by boiling dinitroxylene (f'®"' ^ i : q, nniekly become coloured on expo- 
Crystallises from water m t r luel i alcoini ami melts at 162®. The 

sure to light. IJi®r;l';f"2UC^s"v ery rolublo in water, and separates from a solntion 

Z"cr;:t!dl!:f^^.rrn:llr^^^^^^^ C-ll.®N.:SO.iP. is a crysUliine 

powder, sparingly soluble in alculiol. 


z 


*«c. Arsenical zinc may be purified by 
with alternate hiyers of Bulphur purified met al Hcpaxaled from the slag 

times if the proportion ^remove lr^» of sulphur or sodium sulphide ; 

is then to be rcmeltod wiA docs not interfere with lU. 

it then takes up a small quantity of lead, . g^g 238). 

;use for the evolution of hy<lrogen (Gunning, Jahr sb. 1868 o,^„,in«d 

The action of sulvhuricacid ^43^ 1 quantit.ies, disscilved hy two 


table under 8. 

S0*.H«0 

11 

S 0 \ 2 H 20 

S0»'!8H*0 

SO ’ V 5 H^O 


f* 

ordinary 

130 ^ 

150 ° 

ordinary 

130° 

160° 

ordinary 

130° 

ordinary 


gnn . 

0 

0075 

0*232 
0*002 
0 142 
0 346 
0002 
5*916 
0 049 


SO* . 6H"0 
8O*.0H-O 


SO*’.’ 711^0 

r * 

SO*.’8H*0 

SO*.9lGO 

. SO ’. lOll^O 


130° 

ordinary 

130° 

ordinary 

100 ° 

100 ° 

ordinary 

») 

tt 


trrin . 

0*460 
0*027 
0*387 
0018 
3 161 
3*800 
0*036 
0006 
0*033 
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Pqre zinc with metallic surfli^ \» scarcely attacked by dilute sulphuric acid S0“. 9H'0 ; 
mixch more easily after its s^fhc© has become covert by exposure with a thin filia pf 
oxide. The action of the strong acid (SO^.H-'O and SO*. 211^0) takes place at highteia^ 
peratures, with evolution of sulphurous oxide; that of the weaker acid (S0*^3H^0 to 
SO*. 6H*0) with continuous evolution of hydrogen sulphide and a small quantity of 
sulphurous oxide ; and that of still weaker acid, with evolution of pure hydrogen. 

In a solution of sodium chloride zinc dissolves with evolution of hydrogen, formation 
of zinc-sodium chloride, and separation of zinc oxide. The oxide dissolves in solution 
of sodium chloride, slowly in the cold, more quickly and abundantly when heated, the 
liquid acquiring an alkaline reaction (Siorsch, Jahresb. 1867, p. 257). 

On the volumetric estimation of zinc by means of potassium forrocyanide, see Renard 
{Compt. rend, Ixvii. 460; Jahresb. 1868, p. 874; Bull. Soc. Chim. [2J xi. 473 ; Zeitschr. 
f. Chem. [2] v. 662), 

;^r the separation of zinc from copper (in brass). Chancel mixes the solution of 
the two metals with sodium thiosulphate till it is completely decolorised. Stxlium 
carbonate then precipitates the zinc, while the copper remains in solution. A small 
quantity of copper still remaining in the zinc carbonate may be removed by precipita- 
tion with hydrogen sulphide in acid solution {Jahresb. 1866, p. 803). 

According to Schweikert {Jahresb. 1867, p. 847) zinc cannot bo completely ^pamted 
from phosphoric acid by fusion with soilium carbonate and lixiviation of th6^S(Jd 
mass with water, inasmuch as part of the phosphoric acid remains combined with zinc 
oxide, and part of the lat^j^asses into solution as sodium zincate. Moreover zinc 


oxide is not quite insolqlip^m sodi^ui carbonate, and is not precipitated from solu- 
tion even by prolonged tioiling. In precipitating zinc as carbonate, it is dltereforc 
necessary to avoid a large excess of sodium, ^irbor^aU, or tp neutralise il before 
heatinjg. - " . ' ^ ' ' . . 

An moy of zinc and calcium containing 95*13 p. c. zinc, ai^ 4*87 calcium, or Zn’-Ca, 
crystallises in obtuse quadratic octohedrons liaving a sp. gr. of 6‘J69 to 6*3726 ((h tcr- 
mined under rock-oil) ; it is decomposed by water (G-. vom*Rath, Zeitschr, f. Chem. 
[2] V. 665). V 

Commorciftl zinc-dust from the Kostberg works, was found by AldenHorf 
1866, p. 219) to consist of 

Zn rb ca ZnO ZnCO* Insoluble 

^ matter * 

39*99 2*47 4*09 49*76 3*29 0*39 

In consequence of the fine division of the zinc, this dust slowly decomposes water .at 
ordinary tempenitures, olimiiniting in 24 houi*8 about its own volume of liydrogen. 
On leaving it in contact with dilute hydrochloric or sulphuric acid till hydrogm 
begins to escape, the greater part of the zinc oxide and carbonate are dissolved, while 
the metal remains as a fin© grey powder, which when woiShed is well adapted for a 
roducinj^ agent. 

A ccMtnpound of zinc with ammonia^ Zi^l*.6Iffl* is formed when 

solid zinc c^ciride is grodumgadded to strong wel|tCoolod aqueous ammonia, gaseous 
ammonia being passed into jw|Muid towaiisjii iy^,end df thai|)ix)cess. As soon as a 
considerable preci|«tate thasffStellKto %» elosei%gentW warmed till Jho 

whole is dissolved, and left ain|j|||p»ch^ in 

octohedrons, with step-liko ^ Tne ^posld to4ho 

air, immediately give off ammHK, oecom© n^St, and appear coriwled 

and deliquesced. They dissolve easily in water, still merer 


y, with decomposition,. 


in aqueous zinc chloride (E. Divers, Chem. News, xviii. 13) ; compare ^ 

Zinc Phosphides. — B. Kenaolt {Ann. Vh. Phys. [4] ix. lifting to 

whiteness a mixture of 1 mot magn^pium phosphate, (Hg*H*JPn3*), 2 mcd. zinc 
sulphide, and 7 at. carbon, in a coated retort conneetod with a red-hot earthen receiver, 
has obtained the following compounds of zinc and phosphorus ; 1. A massive phos- 
phide Zn*P* of leaden colour and sp. gr. 1*21 at 14°. It is moderately permanent in 
the air, less fusible than zinc, and volatilises slightly above its melting point ; heated 
wdth lead sulphide, it is converted into zinc sulphide, with separation of lead and 
phosphorus ; it is also converted into sulphide by digestion with carbon hisulphide.^ 
2. T]he same compound is obtained crystallised In interlaced needles having a 
metallic lustre, when the vapours are condensed in a larger and more strongly heatofl 
receiver. This crystallised phosphide is more easily alterable than the <^mpact 
variety; gives off hydrogen phosphide in contact with the air; and is violently 
attacked b^y acids, — 3. In certain preparations the needles were mixed with mo» 
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^Ulifint and permanent cvystals having the composition Zn^P*. — 4, In capacious 
there were also formed omuge-coloured to Sttnabar-rod or metallically, 
interlaced needles, which, when heated in the air, burned with a phosphorus 
han^, leaving zinc phosi^hate. The reil compound was likewise obtained, together 
with metallically lustrous needles, when phosphorus vapour, mixed with not perfectly 
dry hydr%en, was pas?,ed over red-hot zinc, or phosphorus vapour over rod-hot zinc 
oxide: it appears to bo an oxyphosphido varying in composition from ZuP-O to 
Zu*P*®0* ; the metailically lustrous noodles exhibited the composition Zn’P'^O'. The 
red compound is dissolved by hot hydrochloric and sulphuric acids, with formation of 
phosphorous acid.— 6. A rod phosphide, Zn^P^ was obtained by treating a mixture 
of the crystalline oxyphospbides with hydrochloric acid. — 6. On dissolving a largo 
quantity of the corapound Zn*P* in dilute hydrochloric, sulphuric, or nitric acid, 
another phosphide. ZnP", remained behind, as a yellow, amorphous, very inflammable 
powder, which detonated w’ith the greatest violence, both when brought in contact with 
nitric acid and when mixed with potassium chlorate and lightly struck. The (im- 
position of all these zinc phosphides must bo regarded as doubtful. 


ZXXrC-STKY]^ and ZXirC-IMtSTKYIi. Zn(C2TI‘')2. For the preparation of 
zinc-ethyl, Wichelhaus hoata zinc filings with iodiile or bromide of ethyl in the 
wa^-batli in a retort W’ith upright condonser, the prossuro being increased by ft 
Coltniuli of mercury. The reaction is said to be finished in two or throe hours, and to 
yield from 80 to 90 p. c. of tho theoretical quantity {Jahre^b, 1868, p. 428). 

A mixture of zinc-othyl witli about twice its volume q^pat'bon fustilphU/p., in a tubft.: 
filled with carbon dioxide, begins to boil spontiinepusly, through all shade* of 

rod-brown till it becomes quit* opaque, giving off at tho same time a combustible gas 
consistatig of hydrogen sulphide, vapour of carbon bisulphide, and ethylene. On the 
conipletiomqf the reaction, ftrSt at dO®-CO^, afU'rwards at 100° in a BOoled tube, tho 
contents of 'Ihe tuV)e, freed from excess of carbon bisnlphido, consist of Sjt brown 
shining mass, which, according to its wi'ight and composition (somewhat rariablo 
indeed indifferent plfeparatious), appears to c<jnsi8b of C^!l"^8®Zn = C8* Zn(C'‘*ir')“. 

This compotind is insoluble in aleolud, and eilier, but dissolves in acids with 

evolution of hydrogen sulphide. When subj<u*ied to dry distillation, or heated with 
hy<lr(X‘hloric acid, it gives off an oil having a jningent alliaceous odour, and boiling 
between 80^ and 180°, tho principal portion, which ]ms 80 s over between 130° and 
ir)0°. having the composition of ainylene nulphide, (J^J1'"S. When the purified oil is 
mix^w in warm alcoholicssolution with mereuric chloride, a white floccnleiit precipitnto 
is formed, and tho quickly filtered liquid deposits when haftted iridescent lamiinn 
having tho composition C*il‘®S.IlgCF.ilgS. The amorphous substance separated by 
filtration appears to have tho same composition as the crystals. With silver nitrate, 
in like manner, yellow microscopic needles are obtained, having tho composition 
C‘ll’^0 . Ag^O . AgNO^. From the composition of tho principal product, =* 

it may be inferred that tho action of zinc ethyl (m carbon bisulphide tiikua 
place according to the equation : ' * 


of zinc-methyl, though they 
poisonons- 


^ 06* + aht(0*lP)* = 

Zinc -methyl unites witj^carbog^iftttlphido in aiMHar manner. Zinc-ethyl and 
mmiard oil likewise ftfon aimjrjphous ^jC^Wmmpound difficult to isolate 

((3^bowski, cxxxvi|i*466). 

Ao cxliV^%B)j(Sh6fi^ 

have a uisftgrooabla and excito^coughing, an 

/ XntCOIfa Certain zircons, of tho Viiriety called jargon, oxhil)it, both in their 
natural and/wben fuse^l with borax, v<*ry reraarkahio Hf>eetra, which wore first 

dcscril^ b^*6olnfy {Proc. Jioy. »St>c. xvii. 611; Vhttm. Niwa, xix. 122), and were 
suppoi^ to ifidicjite the presence of a no# element, which was called Jargunium. 
Methods of obtaining jargonia, tho oxide of this raebil, and separating it from zirconia, 
and descriptions of its projxjrties, were given by S<jrby {loc, cit.) also by Church 
jWptotf, xix. 121, and Ixajw, xx. 9). More recently, however, i%rby has 
shown that the peculiar spectra in question are duo to the ])resenco of certain corn- 
ixjunds of uranic oxide with zirconia, these compounds giving spoctrfi eonbiining dark 
oands not exhibited either by uranic oxide or by zirconia alono. Artificially prepar^wl 
^j^|i|ltipoun^ of uranic oxide with pure zirconia exhibit exactly t he same sf>ect ra as those 
of the natural mineral. Hence Sorby cfoicludes that the supposed jargonium has no 
existence {Che^n. News, xxi, 73). 

R. Hermann ( J. pr. Chem. xevil. 321 ; Jahresh. 1806, p. 191) his confirmed tho 
Woults obtained by Berlin, respecting the earth called noria, found by Bvanberg in 
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e zircons of Norway and other localities. Hermann’s experiments show that zircon 
lien contaminated with small quantities of alumina, exhibits properties exactly 1 
.086 of the supposed noria. 

Zirconia has hitely been brought into use in the oxyhydrogon blowpipe in ^aco 
ne or magnesia. It possesses great radiating power and is very refractory, rema 
g quite unaltered after a month’s use. To economise the costly material, *only 1 
iter- portion of the cylinder is made of zirconia, the interior being composed 
agnesia or fire-clay, the two substances being firmly pressed together. (See Com 
nd. Ixvi. 1040: Ann. Ch. Phys. [4] xiv. 11 ; Pingl. pol. J, clxxxix. 116: ca 
>2; Z^itschr. f. Chem. 1868, p. 536; Chem. News, xviii. 27fi). 



ADDENDA, 


ZSVmrnMti According to a recent determination by Bunsen {Pop^. Ann. cxli. 1 ; 
Ckem. SoG. J. [2] ix. 182), the specific heat of this metal is 0*067. This number 
multiplied by 75*63, the hitherto received atomic weight of indium (p. 729), gives for 
the atomic heat, the number 4‘3, wliich does not agree with the law of Dulong and 
Petit. But if the abimic weight be taken as 1 J times 75*6, or 113*4, the atomic hejit 
becomes 6*5, which agrees nearly with the general law. 

On this view, indium must bo regarded as triatomic, and the formulee of its prin- 


cipal compounds will bo as follows : 


Chloride ..... 

InCl» 

Indium and ammonium chloride , 

2NlDCl.lnCl* + H»0 

Yellow oxide .... 

IuH)=' 

Normal hydrate .... 

InIDO* 

Nitrate . . . ♦ . 

ln(NO'’)> 

Sulphate ..... 

In"(SOG» + 9H*0 

Black oxide ..... 

InO* 

Green oxide ..... 

2ln0.Iri20* 

Grey oxide ..... 

3Iu0.2InW 


srORMAlL AMVXi-COMPOinN’DS. The specific gravities and boiling points 
of some of these compounds, as determined by Liobon a. Kossi (Gazsetta chimica 
italiana^ i. 314), are as follows ; 



Boiling point 

8]X‘cillc gravity at 

0*^ 20'» 40® 

Alcohol . . 

137° 

(bar. at 0*740 met.) 

0*8296 

0-8168 

0-8065 

Chloride 

106® 

0*7398 „ 

0*9013 

0*8834 

0*868 

Bromide 

128*7® 

„ 0-739I „ 

1*246 

1*2234 

1*2044 

Iodide . 

155*4® 

„ 0*7393 

1*5435 

1*5174 

1*4961 

Acetate . . 

148*4® 

i 

„ 0 737 .. 

0*8903 

0*8792 

08645 


The boiling points of the five known amyl alcohols go on increasing from the 
tertiary to the normal primary, as will bo hccm from the following cj^mparison ; 

rrimary Soeonilary Tertiary 


CIP 

IPC CII* 

CH* . 

IPC CIP 

IPC CH^CIP 

CIl^ 

/ 

CIP 


\/ 

cir^ 

CH 

CIP 

CH 

COH 

CH* 

CH'^ 

(HOH 

CHOII 

CII» 

CIDOII 

CII Oil 

CJP 

CIP 


Normal amyl 

I, SO' amyl 

Propyl methyl 

^ iBopropyl- 

Ethyl-dimethyl 

alcohol. 

alcohol. 

rarI)iuol 

methyl carl)inoI 

carbinol 

B. P, 137® 

128®-132® 

120®- 123® 

1040-108® 

98-5®-l00® 


VORMAIL CAPROIC ACZ1>, CH*CH*CH*Cir-'CIP. COOH, is prepared by 
heating normal amyl bromide or iodide to 106° in a sealed tube with pulverised 
potassium cyanide dissolved in alcohol of 85® p. c., and heating the resulting normal 
amyl cyanide with alcoholic potash in an apparatus with reversed condenser. On 
distilling the rcsultwig potassium salt with dilute sulphuric acid, and purifying the 
oily layer which separates by washing and distillation, normal cjiproic acid is obtained 
as a colourless liquid, which does rn.t mix with water, has an raiour fainter and 
Bom ewhat less disagreeable tbaq that of ordinai 7 caproic acid, and a strongly ^acid 
taste. It boils at 201*5® (bar. at 0*7385 met.); llio c.aproicacid prepared from ordinary 
amyl cyanide boils at 108® tWnrtz), at 199*7 (Dicbeii a. Rossi). 1 ho normal add has 
a specific gravity of 0 9449 at 0®, 0*9294 at 20®, 0'9172 at 40®, and 0*8947 at 99*4® 
(Lieben a. Kossi, loc. cii.). 

Sup. 4 1) 
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